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Abstract  

     

     Collecting survey or census data is both complex and expensive. In order to maximize 
the return on such investment it is important that as many secondary users as possible 
access the data. Although data producers are increasingly aware of the benefits of sharing 
micro datasets with the research community, there are a number of reasons why this does 
not occur. Some of these are legal, financial or even political. Others are technical in 
nature. 
     The Micro data Management Toolkit developed by the World Bank Data Group for 
the International Household Survey Network (IHSN) is designed to address the technical 
issues facing data producers. The aim in developing the Toolkit is to promote the 
adoption of standards for international micro data documentation, dissemination and 
preservation, as well as to foster best practices by data producers in developing countries. 
This paper highlights the following points: 

1- Definition of documentation 
2- What is metadata and why is it important? 
3- Importance of documentation 
4- Standards of documentation the statistical survey: (DCMI)” Dublin core metadata 

initiative” – (DDI)”data documentation initiative”.   

5- Steps of using toolkit in documentation 
6- Documentation statistical survey based on DDI&DCMI standards and the 

experience of CAPMAS (National statistical office in Egypt) in this field.  
7- Recommendations. 

Keywords: Metadata; Micro Data; DDI ;DCMI Initiative ; IHSN        
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1. Definition of Metadata  
     Metadata is often defined as data about data. It is “structured information that 
describes, explains, locates, or otherwise makes it easier to retrieve, use or manage an 
information resource”, especially in a distributed network environment like for example 
the internet or an organization. A good example of metadata is the cataloging system 
found in libraries, which records for example the author, title, subject, and location on the 
shelf of a resource. Statistical metadata is structured information about statistics. This 
includes information used for producing, disseminating, understanding, finding and 
(re)using statistics. 
 
2- Using Toolkit in Documentation  
   The Micro data Management Toolkit developed by the World Bank Data Group for the 
International Household Survey Network (IHSN) is designed to documentation metadata 
for statistical survey, so the following we highlight on how to use this program at 
documentation, 
2.1 Components of micro data management toolkit 
Components of micro data management toolkit 
Toolkit has three sections: 

•  Metadata Editor 
We can use this tool to Document Survey Data In Accordance With International 
Standards 

•  CD-Rom builder 
We can use this tool to generate user-friendly outputs, such as CDS, websites, for 
dissemination and archiving 

•  The Explorer 
We can use this tool: 
- For viewing metadata 
- For re-exporting data to various formats 

2.2 Benefits of using toolkit 
We can summarize the benefits of using toolkit in the following point: 

• User friendly software for micro data 
• Facilitate metadata exchange (DDI, Dublin Core) 
• Facilitate archiving (metadata and data, quality control) 
• Facilitate preservation/dissemination: network, CD / DVD, Web Sites 
• Works with common data formats  
• Free or inexpensive 
• Availability of technical support and training 
• Supported by national, international and research communities 
• On the other hand data producer also can get the following advantage from using 

toolkit in documentation: 
•   They will gain from better data and metadata preservation. in addition, the toolkit 

provides them with the institutional memory surrounding each data collection 
activity.  

• It help them to identify weaknesses in data collection and processing methods. 
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•  Toolkit also can provided them with a tool for packaging and distributing micro-
datasets for all user   
 

3- Standards of Documentation (DDI) & (DCMI)* 

Documentation using toolkit is organized according to two standards (DDI&DCMI) 
each one of them includes many of the elements. 

3.1 The first standard is DDI Data Documentation Intitive  

DDI Elements are organized in five sections: 

3.1.1- Document Description 

This section includes information about study title – metadata producer- data of 

production- DDI documentation version- DDI Document ID number. 

3.1.2- STUDY DESCRIPTION 

This section includes information about how the study should be cited, who collected, 

compiled and distributes the data, a summary (abstract) of the content of the data, 

information on data collection methods and processing. 

3.1.3 DATA FILE DESCRIPTION 

This  section  is  used to  describe  each data  file  in  terms of  content,  record  and 

variable counts, version , producer. 

3.1.4 VARIABLE DESCRIPTION 

This section presents detailed information on each variable, including literal question 

text, universe, variable and value labels, derivation and imputation methods,             

and so on. 

3.1.5- OTHER MATERIAL 

This section allows for the description of other materials related to the study. It has 

many elements such as documents (questionnaires, coding information, technical and 

analytical reports, interviewer's manuals, and so on).  

3.2- Second Standard is DCMI (Dublin Core Metadata Initiative) 

Dublin  Core  metadata  standard  is  based  on  the  same  principles  as  the  DDI 

specification. it organized to form an xml file.  

Dublin Core Metadata Initiative (DCMI) 

3.2.1- Title. the name by which the resource is formally known. 

3.2.2- Subject. the topic of the resource. 

3.2.3- Description. An abstract, a table of contents, or a free-text account of the content. 

* User Guide Microdata Management Toolkit . version 1.0 . September 2006 
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3.2.4- Type.  the  nature  of  the  content  of  the  resource  (a  survey questionnaire,       

a data processing syntax program, a map).  

3.2.5- Relation. a reference to a related resource 

3.2.6- Coverage. the extent or scope of the content of the resource.  

3.2.7- Creator.  the person(s),  organization(s),  or  service(s)  responsible for  making 

the content of the resource 

3.2.8- Publisher.  the person(s), organization(s), or service(s) responsible for making the 

resource available.  

3.2.9-Contributor. The person(s), organization(s), or service(s) having contributed to  

the content of the resource. 

3.2.10- Rights. a rights management statement for the resource. 

3.2.11- Language. a language of the intellectual content of the resource. 

4- Gathering and preparing the study documentation  
   All information related to the study may be useful and should be archived (even if not 

all will be disseminated to the public). This includes not only technical documents such 

as the questionnaires or list of codes (obviously needed by data users), but also 

administrative reports (potentially useful for implementation of future surveys), and other 

documents such as a compilation of the comments provided by stakeholders at the time 

the questionnaire was designed, etc. Resources to be included if available include:  

•  The study questionnaire(s); make sure that the cover page and all sections are 

included. If the questionnaire exists in multiple languages, provide all versions.  

•  All technical, analytical and administrative documents such as the followings:  

• Sampling information;  *-Interviewers and supervisors manuals;  

• List of codes;    *-Instructions for data editing;  

• Study report;   *- Tabulation and analysis plans;  

• Analytical papers and policy briefs that made use of the data  

• Survey budget and other key planning documents;  

• PowerPoint presentations and other related material;  

• Computer programs (used for data entry, editing, tabulation and analysis);  

• Photos;    *-Tables;  
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• Maps; and/or Survey promotional/informational materials (flyers, videos, posters, 

songs, etc.).  

Importance of documentation 
• Improvement methods of data collection and processing as a result of user 

feedback 
• Training junior researchers in the analysis of microdata. 
•  Facilitate quality control and reporting by implementing agencies 
•  Help us to identify weaknesses in data collection and processing methods, and 

in turn improve future data collection. 
• distributing micro-datasets. 

On the other hand Documentation, or metadata, helps the researcher to 
� Find the data they are interested in. Without names, abstracts, keywords and other 

important metadata element it might be difficult for a researcher to locate the 

datasets and variables that meet his or her research requirements. Any cataloguing 

and resource location system - be it manual or digital - is based on metadata.  

� Understand what the data are measuring and how the data have been created. 

Without proper descriptions of the design of the survey and the methods used when 

collecting and processing the data, the risk is high that the user will misunderstand 

and even misuse them.  

� Assess the quality of the data. Information about the data collection standards, as 

well as any deviations from the planned standards, is important knowledge for any 

researcher who wants to know whether the data are useful for his or her research 

project. 

Documentation statistical survey based on DDI&DCMI standards and 
experience of CAPMAS(National statistical office in Egypt) in this field 
     Microdata Management Toolkit developed by the World Bank Data Group for the 

International Household Survey Network (IHSN) is designed to address the technical 

issues facing data producers. The aim in developing the Toolkit is to promote the 

adoption of standards for international Microdata documentation, dissemination and 

preservation, as well as to foster best practices by data producers in developing  

countries. It complements other efforts by the IHSN to produce and distribute tools and 

guidelines for improved management and use of Microdata. 

  In this context  Documentation started at CAPMAS in Dcember 2009 when OCED send 

international expert to train 20 employee on documentation ,archiving ,dissemination four 
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statistical survey (Income and expenditure, education, electronic indicators, birth and 

death) . 

   After that CAPMAS has been started archiving statistical survey with determine 

definations of Documentaion, why we need documentation of statistical survey? How we 

make documentation? Beacause this questions are very important to determine steps 

towards agood documentation for statistical survey . 

1- Documentation : All information related with statistical survey . 

2- Why documentation ?  it help us to return for any material concerning data and survey. 

3- How documentation ? there are procedures must person who documentation flow it 

(documentation guidline praper for this purpose). 

4- When decumentation? After completion statistical survey. 

The following figure showing steps of using toolkit in documentation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Shape (1) steps of using toolkit in documentation 
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Steps involved in the process of documenting surveys using the Toolkit 
1- Eentr survey data on the Metadata Editor 

 
 
2- Input and output for the Metadata Editor 

 

3   -CD-ROM Builder CONVERT DDI TO HTML 
–  Generates user-friendly outputs, such as CDs, websites, for dissemination and 

archiving 
 
 
 
 
 
 
 
 

Shape (2) entering data on Metadata Editor 

Shape (3) Input and output for the Metadata Editor 

shape (4) convert DDI to html 
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Tabel (1):Total statistics that have been documented (published internal / external 
Dissemination) at CAPMAS 2010 

 
 
 Name of the statistical survey  

Dissemination of 
an internal 

Dissemination of 
external 

1 Annual Bulletin of the combined research 
workforce. 

2008-2010 2007-2009 

2 Annual Bulletin of Statistics of marriage 
and divorce. 

 2008-2008 

3 Annual publication of statistics of births 
and deaths.. 

2007-2009 2008 

4 Annual Bulletin of Statistics Industrial 
production in the private sector. 

2007-2009 2008 

5 Annual Bulletin of Statistics industrial 
production facilities in the public sector 

 ـــــ 2008-2009

6 Statistics form the basic electronic 
indicators to measure the information 
society, the family. 

2007-2008-2010 2009 

7 Statistics of education in the institutes are 
not subject to the ministries of Education, 
Al-Azhar 

2006-2007 2007-2008 

8 Count activity hotel and tourist villages in 
the sectors of public and private 

 ـــــ 2008-2009

9 Statistics of the building and construction 
companies to the public sector / business 

 
 

2008-2009 
2007-2008 

10 Monthly Summary of Foreign Trade data 
– December 

2008-2010 2009 

11 Statistics and financial indicators for 
public sector companies and public sector 

 2008-2009 

12 Statistics and financial indicators for the 
organized private sector companies. 

 
 

2009 
___ 

13 Income and expenditure and consumption. 2008-2009 ___ 
14 Survey of Health Services, 2009. 2009 ___ 
15 survey of the crop area and production 

plant 2009 
2009 ______ 

16 Bulletin of public transport of passengers 2009 ___ 
 Total = 33 survey  ___ 
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Conclusion 

Toolkit help us to Gain better data and metadata preservation. In addition, the Toolkit 

provides National statistical offices with a repository for  the institutional memory 

surrounding each data collection activity. The capacity of staff  to document microdata is 

increased, which is also likely to help identify weaknesses in data collection and 

processing methods, and in turn improve future data collection. Finally,  the Toolkit 

provides a tool for packaging and distributing micro-datasets. 

Recommendations 

There are some lessons we learnet it from ducumentation using toolkit such as : 

 1- We must spread awareness with the importance of documentation for statistical 

survey. 

 2- We can used toolkit in development the scientific skills. 

 3- We must start documentation when we start collecting data from stakeholders.  
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Abstract  
  

In survey research the parental leave beneficiaries are usually coded as either employed or 
inactive. An exception is the European Labor Force Survey (EU-LFS), which includes 
parental leave among other forms of being employed but temporarily not working. This 
paper explores classification of parental leave takers in EU-LFS. We show that 
classification rules differ cross-nationally: in some countries parental leave takers are 
considered inactive, in others -- employed but temporarily not working. In particular in the 
Czech Republic, Estonia, Hungary and Slovakia the EU-LFS data classify the beneficiaries 
as inactive. We estimate the number of mothers on parental leave in the Czech Republic 
and show that EU-LFS employment rates of women aged 18-40 are biased downwards 2 
percentage points; for mothers of children aged 0-2 the bias reaches 15 percentage points. 
Our study shows the limited comparability of EU-LFS employment rates and warns about 
possible bias in cross-national studies.  

 

Keywords: labour market status; parental leave classification; women’s employment  
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1. Introduction  

 

Employed parents in Europe are currently entitled to two main types of childrearing leaves: 
parental and maternity leave.1 Among the two, the maternity leave is usually a part of the health 
insurance system, it is typically compulsory for the mother and paid at a high wage substitution 
rate.2 On the other hand, the parental leave usually follows maternity leave, can be taken by each 
of the parents, and its duration, level of payment and sources of funding differ considerably 
among European countries (see, e.g. Moss 2010). 

Depending on the type of the leave, the formal labour market status of the beneficiaries 
differs. Whereas women on a maternity leave are consistently included among the employed, 
“[p]eople in full-time parental leave are treated as a case of long term absence from work” 
(Eurostat 2006).3 Such persons are considered employed only if they have a formal job 
attachment. 

The conditions to establish a formal job attachment are listed in both (the more general) 
ILO guidelines (ILO 1998, 2011a) and the Eurostat documents (explanatory notes, guidelines, 
see: Eurostat 2008, 2006) referring to the EU-LFS. Employees on parental leave “who have an 
assurance of a return to work with the same employer following the end of the leave, should be 
classified as employed if the employer continues to pay all or a significant part of the wage or 
salary of the person on leave, or if the duration of the leave does not exceed a time-limit to be 
specified according to national circumstances” (ILO 1998). In other words (see: ILO 2011a, 
Eurostat 2008), to be considered as having a formal job attachment during a long term absence 
from work, one of the following two conditions must be met: 

• “the continued receipt of wage or salary, AND an assurance of a return to work (or an 
agreement as to the date of return) following the end of the contingency. 

• the elapsed duration of absence from the job which, wherever relevant, may be that 
duration for which workers can receive compensation benefits without obligation to 
accept other jobs” (Eurostat 2008; see also ILO 2011a). 

While the above mentioned conditions for establishing formal job attachment are 
formulated consistently in the majority of the documents, the Eurostat’s document on Basic 
Concepts and Definitions used in the EU-LFS (Eurostat 2006) specifies in more detail the 
maximum duration of absence and the level of payment necessary to classify an employee during 
a long-term absence from work as employed. “If the total absence from work (measured from the 
last day of work to the day on which the paid worker will return) exceeds three months then a 
                                                           

1 Additionally, other types of leaves, e.g. paternity leave, childcare leave, career breaks or other measures are 
available in some countries. 
2 “Maternity leave is first given to the mother (but may include the leave of the father in the case of a transfer 
of the entitlements) and corresponds to the compulsory period of the leave stipulated by national legislation 
to ensure that mothers before and after childbirth have sufficient rest, or for a period to be specified 
according to national circumstances.” (Eurostat 2006). 
3 “Women on maternity leave, who have an assurance of a return to work following the end of the leave, 
should be classified as employed if, during the reference period, they are in receipt of all or a significant part 
of their wage or salary from the employer or an equivalent payment from other sources received by virtue of 
being an employee. Women on maternity leave, who have an assurance of a return to work following the end 
of the leave, should also be considered as being employed during the compulsory period of the leave 
stipulated by national legislation to ensure that mothers before and after childbirth have sufficient rest, or for 
a period to be specified according to national circumstances” (ILO 1998). 

“...the notion of temporary absence from work refers to situations in which a period of work is interrupted by 
a period of absence. This implies that persons are generally to be considered as having been temporarily 
absent from work and therefore employed, if they had already worked at their current activity and were 
expected to return to their work after the period of absence.” (Eurostat 2008). 



person is considered to have a job only if he/she continues to receive ≥ 50% of the wage or salary 
from their employer” (Eurostat 2006). 

This recommended classification logic becomes more apparent when we examine in detail 
the two variables central to our analysis: WSTATOR and NOWKREAS (Eurostat 2008). 

Labour status during the reference week (WSTATOR) contains following categories: 

1 Did any work for pay or profit during the reference week – one hour or more (including 
family workers but excluding conscripts on compulsory military or community service) 

2 Was not working but had a job or business from which he/she was absent during the 
reference week (including family workers but excluding conscripts on compulsory 
military or community service) 

3 Was not working because on lay-off 

4 Was a conscript on compulsory military or community service 

5 Other (15 years or more) who neither worked nor had a job or business during the 
reference week 

9 Not applicable (child less than 15 years old) 

 

Reason for not having worked at all though having a job (NOWKREAS) FILTER: the 
variable concerns only persons who had a job from which they were absent during the reference 
week (WSTATOR=2) 

01 Bad weather 

01 Slack work for technical or economic reasons 

02 Labor dispute 

03 School education or training 

04 Own illness, injury or temporary disability 

05 Maternity leave (including parental leave until 2005) 

06 Parental leave (from 2006) 

07 Holidays 

08 Compensation leave (within the framework of working time banking or an annualized 
hours contract) 

09 Other reasons (e.g. personal or family responsibilities) 

This data structure, as well as the above mentioned guidelines and definitions suggest that 
the parental leave beneficiaries (as well as maternity leave beneficiaries) with a for- mal job 
attachment should be coded as employed but temporarily not working (code 2 in WSTATOR), 
and that the type of leave should be coded accordingly in NOWKREAS.  

In practice however, both the regulations and the data collection procedures allow using 
national definitions and national measurement tools. The EU-LFS data are collected by national 
statistical offices and subsequently harmonized according to the EU- LFS data matrix in order to 
ensure their cross-national comparability.4 Specifically, the “target structure harmonization” 
method used to prepare the EU-LFS data implies that only the selected core variables are 
measured according to the rules and recommendations set by the Eurostat, whereas the remaining 
ones are measured according to the national rules (Hoffmeyer-Zlotnik & Warner 2011). As a 

                                                           

4 The data matrix occasionally undergoes edition, in particular in 2006 variables addressing parental leaves 
have been added. 



consequence, although the list of variables that the member states should deliver to the Eurostat is 
specified by a legal act (EC no. 577/1998), the data collecting agencies autonomously define 
some of the variables and prepare the relevant measurement instruments (Kőrne, 2012). 

 

 

2. Data and Methods 
 

2.1. Data 

 

This paper uses data drawn from the EU-LFS 2008 survey.5 Our sample is restricted to all 
women aged 18-40 who have at least one child aged zero to two years (before the third birthday, 
i.e. aged 0-35 months) – i.e. a group of respondents most likely to be on parental leave – in order 
to clearly identify parental-leave users’ misclassification. 

EU-LFS data will be examined against information on parental leave regulations (length, 
level of payment, eligibility) and data on take-up and user rates available in collective reports 
(Moss 2010, Plantenga & Remery 2005, Anxo et al. 2007, ILO 2011b). 

To trace the inconsistencies stemming from misclassifying parental leave beneficiaries, we 
examine a case study of the Czech Republic, one of the countries where EU-LFS does not report 
any persons on parental leave, despite the fact that parental leaves in these countries are well-
paid, long and frequently taken. (Moss 2010, Plantenga & Remery 2005, Anxo et al. 2007, ILO 
2011b). The Czech Republic (similarly as other countries of the region: Estonia, Hungary and 
Slovakia) presents visible discrepancies between the numbers of parental leave users reported by 
the EU-LSF survey and other data sources. 

 

2.2. Comparing data across various sources 

 

Whereas EU-LFS reports number of beneficiaries at one given point in time, the collective 
reports refer to take-up rates, which express the number of beneficiaries in proportion to the 
eligible population (Bruning & Plantenga 1999). In order to compare the two data sources, we 
need to develop a formula allowing translation of one information into the other. 

The number of beneficiaries observed at one given point in time also depends – besides the 
take-up rate (TR ) – on the length of a leave (L), and on the size of the eligible group defined as 
the product of the number of childbirths in a given year (NC h ) and the proportion of mothers 
eligible for a leave (ER ).6 

NB ≈ TR · ER · NC h · L/ 12 (1)  

Formula 1 assumes that the fertility of eligible women does not differ systematically from 
that of non-eligible women. 

To derive the estimates, we necessarily made a number of additional assumptions which 
are likely to affect the precision of our results. However, we believe that these assumptions do 
not introduce a large bias as they were made by borrowing figures reported in the literature. 

                                                           

5 Such extraction, i.e. cross-tabulation of selected variables, can be obtained from Eurostat on request. 
6 Formally, take-up rates refer to whole period when the leave can be taken (e.g. in Luxembourg 6-months 
leave can be taken until the child is 5 years old) and not to the length of the leave. Using L implies the 
assumption that leaves are usually taken at the youngest possible age of the child. 



First, we were unable to correct for part-time leaves or combining leaves with market work 
(such parents – although on a leave – are in the EU-LFS coded as employed and working). Part-
time leaves should be of less importance since in the Czech Republic the leaves are taken 
predominantly full-time. Lack of data on parents who continue to work during the leave might 
bias upwards the estimated number of leave takers and overestimate the impact of classification 
on women’s employment rates. 

Second, we restricted our EU-LFS sample to mothers of young children within the 18-40 
age range. In contrast to that, administrative data and policy reports concern all parental leave 
takers: i.e. also fathers and other family members, as well as women outside our age range. Given 
the lack of information, we are not able to fully correct for this discrepancy. To account for some 
of the leave takers being outside of our age range, we use information on the proportion of all 
children that are born to women aged 18-40. By doing this we assume that leave-taking 
behaviour of oldest and youngest mothers does not differ significantly from those aged 18-40. 

Third, due to the lack of eligibility rate data, we use as a proxy the employment rate, since 
being employed is usually the primary condition to become entitled to take parental (and 
maternity) leave. Unfortunately, it is not a perfect measure. First, being eligible to take a leave 
does not always depend on just being employed but also on the type of employment contract held 
or the length of employment before childbirth. Second, not being entitled for a leave may lead 
some women to postpone childbirth; similarly, anticipating childbirth may lead to searching for 
specific type of employment contract in order to become eligible. Third, the employment rates 
specific to the age-group in the four countries examined in our analysis are artificially low, due to 
coding parental leave beneficiaries as inactive. 

Fourth, with no data on take-up and user rates, we use as proxies values estimated in the 
literature. Finally, we also assume the shortest length of leave taken is one month, that the leave 
is equally spread over the year, and that the parental leave is taken at the youngest possible age of 
a child (despite the fact that eligibility often concerns longer period). 

 

 

3. Analysis 
 

Among the countries reporting no parental leave users (Estonia, Hungary and Slovakia), 
the Czech Republic stands out with over 85% inactivity rates and low levels of employment 
(below 15%) among women in our group of interest. At the same time, the overall employment 
rates of women aged 20-49 in these countries are high (e.g. among childless women or those with 
children aged 6 or older, employment in the age group 20-49 exceeds 80% (Eurostat 2011)). 
Based on parental leave policies in place in these countries, we expect to observe frequent use of 
long and generously paid parental leaves. In what follows, we focus on a case study of the Czech 
Republic in more detail. 

 

3.1. Classification rules  

The Czech Statistical Office (CSO 2011) classifies respondents on parental leaves as 
employed and working only if they keep working during their leaves; otherwise they are 
considered either unemployed or economically inactive. Maternity leave beneficiaries with 
previous work experience constitute the only group on long-term child-related leaves classified as 
employed. 

 

3.2. Leave regulations  

Parental benefits in the Czech Republic are relatively generous. They range from a long 



option of about e300 (CZK 7,600) per month until the child is 21 months old and a monthly 
allowance of e150 (CZK 3,800) afterwards until the child reaches 48 months, to a short option of 
e445 (CZK 11,400) per month until the child is 24 months old. Consequently, the wage 
replacement rate ranges from 50% (of average wage) for the short option to 26% for the long 
option until the child reaches its third birthday.77 The receipt of parental benefit may be 
combined with employment, i.e. it is not contingent on actually being on a leave. For this reason 
parental leaves in the Czech Republic are considered formally unpaid (Kocourkova, 2010). 
According to the literature, the majority of women stay on parental leave until the child is 
between two and three years old (Plantenga & Remery 2005, Anxo et al 2007). Unfortunately, no 
precise data on take-up or user rates are currently available (Kocourkova 2010). 

 

3.3. Estimating the number of beneficiaries 

We first cross-validate maternity leaves data. In 2008, there were 119,570 childbirths, out 
of which 98% (117,179) were children born to women aged 18-40. We assume 100% take-up 
rate (in the Czech Republic maternity leave is compulsory), 54% eligibility rate (equal to 
employment rate of our age group) and a length of 4.9 months (length of maternity leave is 28 
weeks but 6-8 weeks are taken before childbirth, which is not covered by statistics used in current 
analysis). According to this estimation 25,838 women were on maternity leave at one given point 
in time, which is fairly close to the estimate of 23,114 reported by the EU-LFS.8 

Maintaining the aforementioned assumptions, we estimate the number of parental leave 
users assuming two take-up rate scenarios: TR = 70% and TR = 90%. Accounting for the co-
existence of two parental benefit schemes – short and long, we also need to assume in what 
proportion they are taken. We consider five scenarios: 90%-10%, 70%-30%, 50%-50%, 30%-
70% and 10%-90%. We end up with 10 possible scenarios which are presented in Table 1. The 
values presented in Table 1 give us estimates of the potential number of parental leave users 
depending on the wage replacement rate threshold chosen to classify women as having a “formal 
job attachment”. At the lowest threshold (17%), the estimated number of beneficiaries varies 
between 76,406 and 154,711 users; at 50% wage replacement rate estimated numbers range 
between 81,579 and 7,050 mothers on parental leave at one given point in time. The highest 
estimate corresponds to 50% of all women and 59% of inactive women in our group of interest; 
the lowest one – to about 2-3% of these groups. 

 

Table 1: Estimated number of users of parental leave in the Czech Republica . 
Assumed 
take-up 

rate 

Assumed 
length of leave 

Estimated number of parental leave users with the wage 
replacement: 

17-50% of 
average wage 

34-50% of 
average wage 

50% of average 
wage 

90% 90% short, 10% long 95 864   89 220   81 579  
 70% short, 30% long 107 728   86 372   63 450  
 50% short, 50% long 121 491   83 525   45 322  
 30% short, 70% long 137 152   80 677   27 193  
 10% short, 90% long 154 711   77 830   9 064  
70% 90% short, 10% long 76 406   69 393   63 450  
 70% short, 30% long 89 325   67 178   49 350  

                                                           

7 Considering the average gross monthly wage in 2008 of CZK 22,593, the benefit level corresponds to 50% 
of average wage in the short option, to 34% during the higher-paid period in the long option, and to 17% 
during the lower-paid period in the long option. 

8 Using the formula 1: NB = TR · ER · NC h · L/ 12 = 100% · 54% · 117, 179 · 4.9/ 12 = 25, 838. 

 



 50% short, 50% long 103 721   64 964   35 250  
 30% short, 70% long 119 592   62 749   21 150  
 10% short, 90% long 136 941   60 534   7 050  

Source: EU-LFS data and Eurostat statistics, authors’ own calculation 

Notes: 
a the calculation uses the formula 1: NB = TR · ER · NC h · L/ 12, with weighted length of leave 
b in the estimation the length of parental leave excludes time on maternity leave (4.9 months), 
consequently the effective length of short leave is 19.1 months, and of long leave: 31.1 for 17% 
wage replacement rate and 16.1 for 34% wage replacement rate; for calculation of leave with 
minimum 50% replacement rate, long leave is not included 

 

How does the classification of parental leave beneficiaries impacts the official employment 
and activity rates on women in the Czech Republic? If we limit to the cases of high (at least 50%) 
wage replacement rate, and assume 50/50 proportion of long and short leaves, the results are 
substantial. The largest underestimation of the official employment rates concerns mothers of 
young children. If the parental leaves beneficiaries were included among the employed, the 
employment rates in this category would increase from 15% to about 30%. The impact on 
employment rates of all women in age group 18-40 is much smaller (about 2 percentage points, 
from 54% to 56%), and the overall employment rates of women aged 15-64 would change only 
marginally (about one percentage point, from 58% to 59%). 

 

 

4. Summary and discussion 
 

This paper examined the EU-LFS data on employment of mothers of small children in the 
Czech Republic. We analyzed parental leave policies, and showed that parental leave 
beneficiaries receiving benefits are coded as inactive and not as employed but temporarily not 
working. Unfortunately, this practice fails to adopt standards recommended by the ILO and 
Eurostat which are already used in most European countries. Generally, our results are consistent 
with the conclusion of Cameron and Moss that “it is inadvisable to use the EU-LFS for 
occupational comparisons without reference to national experts who can evaluate the data for 
each country” (Cameron & Moss 2007, p.24). 

Our results have important implications for comparative studies. First, we show the limited 
comparability of employment rates calculated on the EU-LFS data. Although using inconsistent 
classification rules of parental leave beneficiaries only slightly impacts the overall employment 
rates of women (one to three percentage points), the impact is larger in smaller populations, e.g. 
women in their reproductive years and mothers of small children. In this respect, our results are 
relevant in terms of policy analysis: uniform and transparent measurement would allow better 
monitoring for achieving targets for women’s employment prescribed by the Lisbon’s Treaty. 
Second, our results warn about possible bias in cross-national comparative studies in which the 
employment status of young women or mothers is a variable of interest. Finally, we show 
importance of designing transparent and uniform measurement of employment status, both in 
EU-LFS and in other cross-national surveys. 
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Abstract 

This paper examines the state of the art in the measurement of intangibles in national accounts 
statistics and draws conclusions for the future production of data for macro-economic and micro-
economic analysis. The review of these measurement problems concludes without ambiguity that 
the compilation of all these and a number of other indicators poses a host of methodological 
questions. The persistent reference to, and use of, “labour productivity” as equivalent to 
technological progress is not only a conceptual fallacy but also a source of serious policy failure. 
These fallacies persist despite the insistence by respectable economists in recent decades, and in 
fact since the birth of economic analysis, that human capital formation is the principal driver of 
economic growth.The inertia in the public debate carries the risk of serious mistakes in the field 
of public policy that will only aggravate the key problems of sustainable socio-economic 
development in general.  

Keywords: Productivity, accounting standards, human capital 

1. Introduction 

During several decades a considerable amount of research has attempted to explain technological 
progress or productivity growth by introducing various assumptions concerning the nature of 
innovation (embodied or disembodied technical change, etc.). This research has on the whole 
concluded that the residual could, as argued by Jorgenson, be attributed to improvements in 
“intellectual capital”, that is, a number of factors that constitute the main characteristics of the 
’knowledge society’. This led leading researchers in this field to conclude that the “residual”, was 
not an “unexplained” aspect of economic growth but essentially the result of a gap in the 
understanding of the growth process and in the availability of data. The measurement problem 
therefore arises from the failure of most economists to make a clear distinction between 
“productivity growth” and “technological change”. The solution to this measurement problem 
would lie in the introduction of a much broader concept of investment, including investment in 
R&D, in the creation of ideas, in training and education, etc. 

The present paper, which is a condensed version of a deliverable prepared in the context of the 
BLUE—ETS research project (www.blue-ets.com) , firstly examines some of the basic 
measurement and accounting problems raised by the endeavours to arrive at a better 
understanding of the growth of output and productivity at the level of the firm or in national 
accounting. It then examines briefly the approach in national accounting standards and then 
reviews the approach and findings in quantitative analysis of intangibles, their level and their 
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effect on economic growth. Finally it draws some conclusions as regards the further steps which 
could be envisaged to improving the understanding of the role of intangibles for economic 
performance. 

2. Reconsidering the basic accounting categories 

A large step in the analysis of the effect of intangibles on economic growth was made in 2002 by 
Corrado, Hulten and Sichel, in a paper presented at an NBER conference (CHS, 2002).  In what 
could perhaps be considered as a return to Böhm-Bawerk’s interpretation of capital as an 
“advance of money”, the 2002 paper argues that the conventional production function treats 
capital as “predetermined” (p. 16) and therefore cannot fully describe the growth process; saving 
and  investment being “choice variables” in a complete model of growth.  

In an application of this theoretical framework, they then identify a number of innovative 
property categories, which are not normally included in the list of intangibles established for 
example by Kendrick and others and undertake a recalculation of the amount of business 
spending on intangibles for selected periods for the United States. 

The 2002 paper is then followed up and expanded with a growth accounting analysis in a Federal 
Reserve working paper in 2006 (CHS 2006), and which fully confirms and reinforces the earlier 
analysis by Kendrick.  

Stressing that published macroeconomic data traditionally exclude most intangible investment 
from measured GDP (they suggest that as much as $800 billion are still excluded from US 
published data as of 2003), Corrado, Hulten and Sichel find that this conventional approach leads 
to the exclusion of more than $3 trillion of business intangible capital stock. To assess the 
importance of this omission, they produce a new estimate of intangible capital. They add this to 
the standard sources-of-growth framework used by the Bureau of Labor Statistics and find that 
the inclusion of intangible assets thus defined makes a significant difference in the observed 
patterns of US economic growth. The rate of change of output per worker increases more rapidly, 
when intangibles are counted as capital and capital deepening becomes the unambiguously 
dominant source of growth in labour productivity. The role of multifactor productivity is 
correspondingly diminished, and labour’s income share is found to have decreased significantly 
over the last 50 years. 

The work by Corrado, Hulten and Sichel (CHS) was followed up by Marrano and Haskel (MH 
2006) for the UK and presented in a working paper in 2006. They find that the UK private sector 
in 2004 spent about 10% of GDP on investment in intangibles, an amount equal to the investment 
in tangible assets. They thus confirm the huge importance for growth in the UK of intangible 
investment, although marginally less than what CHS found for the US. More recently their 
methodology has been applied more broadly in FP6 research projects such as, notably, 
INNODRIVE and COINVEST and a study by Bart van Ark and associates (van Ark, 2009). 

From the very beginning of the growth accounting exercises in the 1960s, it has indeed been 
recognised that conventional business accounts and statistical data could provide only scant and 
incomplete evidence of the presence of ‘intangibles’ illustrated above. Firstly, there was a 



3 

 
perceived need to distinguish clearly between, on the one side, investment in (expenditure on) 
intangibles and, on the other, the resulting improvement in the stock of intellectual capital. 
Secondly, the classifications utilised in national and business accounts in general did not allow a 
separate identification of investment in intangibles. Thirdly, the general failure to distinguish 
between ‘services’ and ‘intangibles’ creates a fundamental problem of perception and taxonomy 
in the analysis of economic performance. While there is broad recognition that intellectual capital 
formation has become a decisive factor of economic growth and welfare, our knowledge of the 
process has, therefore, remained elusive, subjective and dispersed. 

As indicated above, in growth accounting the response has generally been to move beyond the 
original elementary definition of capital and labour as homogenous entities. In its place a detailed 
classification of capital by category and vintage and of labour by level of education and skill has 
been introduced to take account of hours worked etc. This analysis has not involved modification 
of the traditional statistical data but has mainly relied on the search for additional indicators, 
frequently through ad hoc surveys or education statistics, etc. 

However, even at the time of writing, the various stakeholders and researchers have not reached a 
consensus with respect to the approach of handling intangibles in business accounting. In 
particular, as emphasised most strongly by Douglas Skinner (Skinner, 2007): 

1. Many intangibles are not separate, saleable or discrete items;  

2. Well-defined property rights associated with most tangible and financial resources often 
do not extend to intangibles; 

3. There are no liquid secondary markets for many intangibles, making it difficult to reliably 
measure the value of these resources; 

4. It is often difficult to write fully-specified contracts for intangibles. 

Moreover, as stressed by Leonard Nakamura (Nakamura 2009), whereas there is an increasingly 
urgent need to consider intangible assets as an integral part of productive assets, intangibles also 
have a number of particular characteristics that must be taken into account when assessing their 
weight in the economy and their contribution to economic growth: 

• Intangible assets in general are ‘non-rival’, meaning that their utilisation by one producer or 
worker does not exclude their utilisation elsewhere or by another worker.  

• Whereas an intangible asset may lose its value due to the emergence of alternative, 
competing products, for example due to the arrival on the market of a new operating system 
for PCs, it is not subject to the same physical wear and tear as a tangible asset.  

• Due to this non-rival nature of intangible assets their value for the society as a whole will not 
necessarily be the aggregate of their market value for the individual producers and users.  

• The units of measurement of intangible investments in ‘real’ terms are not intrinsic. Even 
when R&D results are patented, the links between the original R&D spending and the value 
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of a patent are weak or inexistent and for these and other categories of intangibles the units 
of measurement must be ‘extrinsic’ or must depend on a research project’s future success. 

• The other side of the coin to measuring the ‘volume’ of intangible investment: the 
determination of the price is also, by analogy, likely to be based on ‘extrinsic’ assessments. 
This involves determination in the first instance of whether an intangible is ‘new’ or just an 
improvement or modification of an existing product.  

3. Intangibles in national accounts 

As underlined in 2003, in an important review of basic national accounts issues by Brent R. 
Moulton of the US Bureau of Economic Analysis (Moulton, 2003), several important statistical 
issues were up for consideration within the framework of the work undertaken in the international 
forum with the aim of agreeing on a revision of the 1993 System of National Accounts (SNA), 
which has served as a major milestone in creating international standards for compiling a fully 
integrated set of accounts measuring a nation’s production, income, and wealth. 

Among the issues identified by Moulton, the following are particularly relevant for the estimation 
of the economic role of intangibles: 

• The taxonomy and classification of production accounts used as the basis for the calculation 
of multi-factor productivity; 

• The definition of the ‘borderline’ (asset boundary) between gross fixed asset formation and 
consumption, whether intermediate or final. 

In the traditional formulations of the production function, the ‘input’ of capital is measured as the 
deflated stock of capital. However, as a matter of principle, estimation of multi-factor 
productivity would require an estimate not of the ‘immobile’ stock of capital but of the ‘services’ 
delivered by the capital stock. Already in 1973, in the context of debates on improving the basis 
for productivity analysis in the US national accounts, Christensen and Jorgenson proposed the 
introduction of a set of accounts incorporating indices of input volume by sector. Furthermore, in 
1983, Jorgenson, Gollop and Fraumeni extended the accounting system to measuring the output, 
with measures of multi-factor productivity, an element not included in the SNA. 

 As stressed by Moulton (op.cit.) source data on capital – service lives, depreciation schedules, 
and constant-price indices by type of assets and by industry – are generally considered to be less 
reliable than data measuring most of the other flows in the SNA. Measurement of capital services 
involves the introduction of a rental equivalence of rate-of-return calculation that may be 
controversial, notably for non-market producers. And more generally, many observers argue that 
multi-factor productivity needs not necessarily to be part of the core SNA accounts and may be 
more appropriately dealt with as part of a satellite account. 

In fact, the revised version of SNA, published in 2008, contains a new chapter on capital services 
and which proposes that, for statistical institutes interested in providing material for a deeper 
analysis of productivity issues, a table supplementary to the standard accounts (a satellite 
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account) could be prepared to display the implicit services provided by non-financial assets.1 The 
SNA, however, does not provide explicit guidelines on the approach to these, analytically 
essential, methodological issues. 

However, as underlined for example by Moulton (op.cit.), a number of important weaknesses are 
apparent in the available data on intangibles and asset values. The accounts of business 
enterprises are not designed to provide information on intangible capital formation, especially 
when the capital formation consists of production for own final use. For some types of intangible 
investment, especially organisational capital, it is not often directly apparent whether 
expenditures have an expected service life of less than one year – in which case they should be 
treated as current costs – or more than one year – in which case they should arguably be 
classified as capital formation. 

Furthermore, intangible expenditures are generally not adequately measured in official price 
statistics, so there is a lack of adequate information on producing quality-adjusted price or 
volume indices (Moulton, p. 9). Other problems concern valuation, as current costs of production 
may not be the most appropriate indicator for the value. This is the case for R&D products, but 
possibly even more so for software and artistic originals. 

The revised SNA undertakes to expand somewhat the asset boundary and also to refine the 
definition of intangible assets but, as could perhaps be expected, abstains from incorporating all 
of the intangibles identified by Corrado, Hulten and Sichel as intangibles. 

The identification of intangibles in the national accounts is, nevertheless, improved and expanded 
in several ways:2 

1. The information, computer and telecommunications (ICT) equipment is included as a new 
category under machinery and equipment. Since ICT equipment embodies a considerable 
amount of intangibles it should become easier to identify the latter. 

2. The term “intangible fixed assets” has been renamed “intellectual property products”. The 
word “products” is included to make it clear that it does not include third-party rights 
which are non-produced assets in the SNA. Research and development products are 
included within intellectual property products. Consequently, patented entities no longer 
appear as non-produced assets and are ‘subsumed’ under research and development. 

3. The term “mineral exploration” has been renamed “mineral exploration and evaluation” to 
emphasize that the coverage conforms to international accounting standards. 

4. Computer software has been modified to include databases; software and databases are 
two sub-components of this category. 

5. The term “other intellectual property products” replaces “other intangible fixed assets”. 

                                                 
1 System of National Accounts 2008 (EU, IMF, OECD, UN and World Bank), New York 2009, Chapter 20: Capital 
services and the national accounts. The chapter usefully underlines that capital ‘services’ are not to be assimilated 
with conventional services such as transport services but rather as the term “for the way in which the changes in the 
value of assets used in production are captured in the production account and the balance sheet”. The chapter also 
refers to two OECD manuals, Measuring Capital and Measuring Productivity for further technical details. 
2 See SNA 2008, op.cit. annex on the changes compared to the 1993 version. 
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6. This general category now includes: research and development, mineral exploration and 

evaluation, computer software and databases, literary or artistic originals and “other 
intellectual property products”. 

It can thus be concluded that, pending further examination of the interpretation of the new SNA, 
several of the intangibles identified, for example, in the seminal paper by Carrado, Hulten and 
Sichel, are not considered as “assets” alongside “intellectual property products”. This would 
include advertising and spending on organisational investment; as such spending would not 
directly give rise to a “marketable” product. In this respect the new SNA involves some degree of 
alignment to the standard for business accounts, insofar as the latter attach a considerable 
importance to the scope for “attachment” of an asset and to the scope for marketing separately 
from the general capitalisation of the firm. 

For fully understandable reasons, the new SNA has therefore not solved (and could not solve) 
one of the basic problems in business accounting: the accounting treatment of assets obtained by 
merging and acquisition and which obviously include organisational capital, which, in other cases 
may be produced in-house. 

All in all, the analysts are still coping with a number of major issues and obstacles in the process 
towards obtaining a better understanding of the new economy.3 

A provisional conclusion therefore is that: 

• no reform of business accounting can eliminate uncertainty and risk, 

• we should therefore respect the basic criteria for sound accounting: record of transactions, 

• we should accept that investment in intangibles is an important determinant of 
competitiveness and that, consequently, firms are not necessarily ready to reveal this 
spending to the general public or investors, 

• but economic analysis and national accounting must clearly pay a lot of attention to the 
‘immaterial parts’ of the economy and, to the extent that this information is not directly 
available in the core national accounts, there is an increasing need for satellite accounts 
showing these and other selected aspects of the economy. 

So we need to find new and innovative ways of measuring intangibles, organisational and human 
capital; that is, to search for the missing data on intangibles. 

                                                 
3 An interesting presentation of the Australian plans for and approach to the implementation of SNA 2008 can be 
found in a paper to the OECD Working Party on National Accounts (meeting in November 2009) by Derick Cullen 
and Bernard Williams of the Australian Bureau of Statistics: 
(http://www.oecd.org/officialdocuments/displaydocumentpdf/ 
?cote=std/cstat/wpna(2009)14&doclanguage=en).  
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In addition to exploring alternative data sources covering the intangibles not identified as such in 
business accounting and the SNA, other tasks to be coped with include such daunting challenges 
as: 

• measuring, and in which units, new products’ contribution to growth;  

• amortisation of intangible assets ; 

• deflation of the current-price values; 

• measuring the social value of intangible assets, which may differ from the private value 
whereas the social value is the relevant measure to explain growth. 

As will be evident from the presentation of the theoretical issues and the model formulated by 
Corrado, Hulten and Sichel, obtaining estimates of nominal spending by business on intangibles 
is only the first step in the measurement of intangible assets and their contribution to economic 
growth. 

First, as stressed by Aizcorbe, Moylan and Robbins (op.cit.), “some additional assumptions are 
required that pose a separate set of challenges”. This essential phase includes: 

1. Translation of the estimates of the value of expenditure on intangibles into “real investment”, 
that is, the influence of inflation must be removed so that conceptually, what remains is a 
‘fixed–price’ value; 

2. Conversion of the resulting data on investment into an estimate of the stock of intangible 
capital, requiring an additional assumption of the depreciation rate or service lives of the 
assets which, in addition, as for tangible assets, is conditional upon the availability of 
sufficiently long series, or certain additional assumptions with respect to the evolution 
through time of the investment; 

3. Estimation of the value of services provided by the intangible assets, requiring the 
construction of estimates of user cost of the capital. 

As stressed by Nakamura, there are no intrinsic units by which to deflate a series on intangible 
investments in nominal terms so as to split this series into estimates of the price and volume 
change. In this respect, Corrado, Hulten and Siechel opted for deflating nominal series using the 
non-farm business output deflator, stressing that they considered this a “plausible placeholder 
until further research permits better measures”. However, for software they chose to use the 
National Income and Production Accounts (NIPA) price index for this category. 

As also explained in a paper by van Ark and co-authors (van Ark, 2009), a number of steps are 
needed to transform the data on intangible investment into the capital stocks and capital service 
prices needed for estimating the contribution of intangibles to growth. The first step is to apply a 
perpetual-inventory method to measure the stocks of intangible capital (a proxy for the flow of 
capital services). The next step is to calculate the user cost of each asset type, including 
intangibles. The user cost is made up of the rate of return, the depreciation rate and a capital gains 
term. 
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.The examination of the problems of measuring volume and price changes for R&D clearly 
suggests a strong need for an equivalent examination of the scope for using better output 
indicators wherever possible as far as other marketable intangibles are concerned. However, a 
digression to consider the measurement of price and volume changes for financial intangibles 
may serve to illustrate even better the huge methodological issues which need to be considered 
before we can pretend to understand and measure the functioning of the ‘new economy’. 

4. Conclusions and recommendations 

The present review of these measurement problems concludes without ambiguity that the 
compilation of all these and a number of other indicators poses a host of methodological 
questions that need further examination. In particular, there is a most pressing need to promote 
alternative indicators for the basic economic performance and, in particular, productivity. The 
persistent reference to, and use of, “labour productivity” as equivalent to technological progress 
in public debate is not only a conceptual fallacy but also a source of serious policy failure. But 
the abuse of an erroneous statistical measurement of the output per person employed is regularly 
accompanied by another equally dangerous fallacy: the persistent use, even in the knowledge 
society, of ‘fixed capital formation’ as a key indicator of the degree to which an economy is 
‘ploughing back’ a part of its output so as to ensure the harvest in the future. These fallacies 
persist despite the insistence by respectable economists in recent decades, and in fact since the 
birth of economic analysis, that human capital formation is the principal driver of economic 
growth. 

The inertia in the public debate and of the predominant paradigms with respect to socio-economic 
issues is understandable but not excusable since, as stressed above, it carries the risk of serious 
mistakes in the field of public policy that will only aggravate the key problems of sustainable 
socio-economic development in general. 

First of all, it is essential to recognize that Gross Domestic Product in itself is not as “objective” 
an indicator of economic activity as generally assumed in the public debate. Truly GDP is 
supposed to be an indicator of easily-measurable output of goods and services. However, as 
shown in the present Review, the measurement and comparability across economies and through 
time of a very large number of the production and consumption those goods and services is not 
easier than the measurement of many activities which, at present, are not taken into account in 
GDP. 

In addition, economic development implies a significant shift into the market economy of a 
number of non-market activities which in earlier stages of development are undertaken by the 
households or individual persons for individual or community consumption. The compilation of a 
global indicator, including those non-market activities might therefore provide a better tool for 
cross-country comparison or for measuring the evolution of output over longer time spans. 

As demonstrated in the studies on intangibles referred to above, the compilation of net capital 
formation will unavoidably incorporate estimates of the depreciation of the existing capital and, 
thus, to compile figures for the capital stock.  
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There are methodological issues which, although not new, need to be regularly reconsidered: 

• Measuring, and in which units, new products’ contribution to growth 

• Amortisation of intangible assets 

• Deflation of the current-price values 

• Measuring the social value of intangible assets, which may differ from the private value 
whereas the social value is the relevant measure to explain growth. 

Furthermore, both tangible and intangible investments are valued not in themselves but for their 
consequences. However, the lifetime of a tangible product is limited by physical wear and tear as 
well as by obsolescence. A tangible product is usually rival too – when put to the use of one set 
of workers, it cannot be used by others. An intangible is non-rival in the sense that it can be used 
by additional agents without preventing use by those originally using it. 

In addition, the intellectual property associated with the private value of an intangible is typically 
of limited duration. So its value as private wealth to their inventors or creators (or their heirs or 
assigns) has vanished. The social and private values of a tangible good tend to coincide, while the 
social and private values of an intangible good almost invariably differ.  

Discovering how best to deflate intangibles as output – and thus the productivity of the sectors 
that produce intangibles – is an important project that is unlikely to be complete until we have a 
relatively settled understanding of endogenous growth. 
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Abstract 

Egypt has experimented with a variety of exchange rate regimes over the past 20 years and the 
flexible exchange rate regime has adopted since 2003. the shift to the flexible exchange rate 
regime in Egypt has the potential to attract capital inflows and enable the economy to absorb real 
external shocks and to simulate exports but on the other side Egypt has witnessed high inflation 
rates since the liberalization of the Egyptian pound in 2003. 
  
The objective of this study is to measure the pass-through for Egypt which is the impact of the 
change in the Egyptian pound exchange rate on domestic price levels. To reach this objective the 
paper is classified into three parts in addition to the introduction and the conclusion. In the first 
part the paper shows the exchange rate and inflation rate time series then applies some statistical 
tools to measure the correlation between the two variables to know weather they are correlated or 
not. Then a vector auto regression model(VAR Technique) is applied to examining the exchange 
rate pass-through as it is used to simulate impulse response function that illustrate the impact 
over time of a temporary shock of one variable(Egyptian pound exchange rate) on the other(the 
inflation rate). Then the paper ends with some conclusions.  
 

Keywords: pass-through, exchange rate, VAR 
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1-Introduction: 
Egypt has experimented with a variety of exchange rate regimes over the past 20 years and 
the flexible exchange rate regime has adopted since 2003 and this happened mainly due to 
the unavailability of dollars at official prices which led to a growth of black market 
transactions, so the floating is expected to allow hard currency to flow back into the banking 
system rather than on to the black market and also may attract capital inflows and enable the 
economy to absorb real external shocks and to simulate exports. But following this regime 
led to a high inflation rate in 2004 and it reached 16.5% after it was 4.2% in 2003. 
So the paper tries to investigate whether there is a relationship between the exchange rate and 
the inflation rate since the liberalization of the Egyptian pound exchange rate. 

 

2- Inflation in Egypt:  
 

Egypt has witnessed high inflation rates since the liberalization of the Egyptian pound in 
2003. And from this period till now the inflation rates according to the consumer price index 
are high and did not witness a decline only in 2005 it reached 4.8% but this decline happened 
after  the central bank declared  that  the inflation targeting regime will be adopted. So the 
central bank will target an inflation rate  and then it will try to steer actual inflation towards 
the target through the use of interest rate changes and other monetary tools. 
but it returned to rise to 9.5% in 2007/2008 and reached 18.3% in 2008/2009 as the result of 
supply shocks resulting from high food and energy prices and other services on one hand and 
demand pressures particularly in the construction sector on the other hand .and then it  
declined again and reached (11.1%- 10.1%) in (2010/2011-2011/2012).  
This high inflation pressures lead to decrease the real income and so the ability of peoples to 
get their basic needs will be affected.  
 

Figure(1) shows the evolution of the Egyptian inflation rate since 2003. 

 

 
Source: The central Agency for public mobilization and statistics 
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3-The Exchange rates in egypt: 

The announcement of the float in January 2003 was followed by a depreciation until October 
2004 to LE/US$ 6.23. Since then and until August-08, the exchange rate continued to 
appreciate and reached LE/US$ 5.38. The substantial increases in foreign exchange earnings 
(oil exports, Suez Canal, tourism and FDI inflows) led to an unprecedented accumulation of 
international reserves (from US$15 billion to US$35 billion) between FY05 and FY08.  

 In the aftermath of the global crisis (between September-08 and March-09), Egypt 
experienced a sharp fall in Egypt’s external demand on goods and services as well as a 
sudden stop in capital flows. However, the exchange rate depreciated by just 3.3 percent. 
Following central bank intervention in the foreign exchange market in March-09, the 
exchange rate stabilized at LE/US$ 5.62 and started appreciating since May-09and it reached 
LE/US$ 6.04 in December 2011 . 

Figure(2) shows the evolution of the Exchange rate since 2003. 
 

 
Source: The central Agency for public mobilization and statistics 
 
4- Data used: 
 
The price data which the study used are monthly inflation rate, calculated from the consumer 
prices index(cpi), and  the exchange rate of the Egyptian pound against the U.S. dollar from2003 
because the exchange rate before 2003 was installed by the monetary authorities, which we can’t 
measure the impact of the change in the exchange rate on the inflation rate. So the analysis based 
on monthly data from January 2003 to December 2011. 
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5- The correlation between the exchange rate and inflation rate: 
By calculating the correlation between the exchange rate of the Egyptian pound against the 
U.S. dollar and the inflation rate, calculated from the consumer price index during the period 
from January 2003 to December 2011. the results showed a low correlation between the 
exchange rate and the inflation rate. But we can not neglect this relation as an exchange rate 
depreciation have a direct and indirect effects to consumer prices. When talking about its 
direct effect we find that imported input become more expensive which leads to an increase 
in the production cost, and also the imports of finished goods become more expensive and 
this will affect the consumer price index (cpi). On the other hand when talking about the 
indirect effect the domestic demand for substitutes will increase as substitute goods and 
exports become more expensive, so the demand for labor will increase and this will also 
affect the cpi.  
 
 To show the exchange rate and cpi on one figure we unified the two series time periods to 
start with 100 in January 2003 to be able to compare them as shown in the following 
figure.an upward trend for the cpi during the analysis period are noticed and the exchange 
rate continues to be managed despite the announced float. 

Figure(3) the evolution of the Exchange rate& consumer price index(cpi). 

 

 
January 2003 base year 
Source: Central Agency for Public Mobilization and Statistics 
 
6- Calculating the effect of change in exchange rate on the inflation in Egypt: 
 

We calculated the effect of the change in the exchange rate on the inflation rate (the pass 
through effect) as a percentage change in the price level to the change in the exchange rate. 
It is noted that the impact of the change in the exchange rate on prices may fluctuate sharply 
over the study period between weak and strong, it was very weak during some months while it 
was too high in other months and the effect was positive in some months but it was negative 
in other months. The negative results may be because the effect of the exchange rate on 
inflation does not happen instantaneously. 
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And this calculations done by using this equation Pass-through Effect=    (Pt-Pt-1)/Pt-1 
                                                                                                                    (Et-Et-1)/Et-1  
As Pt: cpi in year t 
Pt-1: cpi in the year before t 
Et: the exchange rate in year t  
Et-1: the exchange rate in the year before t 

 
7-The VAR model to measure the effect of change in exchange rate on 

inflation: 
In this section the VAR models is used to measure the impact of the change in the 
exchange rate on inflation as this model have three main advantages. It solves the 
endogeneity problem, takes into account the influence of other macroeconomic variables( 
supply and demand shocks) and also it measures the pass through effect and assess its 
dynamics over time.  
The results of VAR model includes granger causality, a variance decomposition and 
impulse response function. The  model is based on the study of the interactions between 
economic activity and the exchange rate and prices through three variables: 

- Exchange rate of the Egyptian pound  against the U.S$ 
- Crude oil prices in local currency as an indicator of  supply shocks  
- The general  price levels by using the consumer price  index  

 
Before applying the model we should test the stationarity of the variables. In order to assess 
this, unit root tests were performed using the augmented dicky fuller (ADF) which shows 
non stationary behavior so we took the first difference of the variables and it seems 
stationarity by applying The Phillips-Perron test. 

 
7.1 Granger causality results: 
 
  Chi2 Df Prob> 
cpi 
 

exchange rate 
 

3.5485 4 0.47 

cpi 
 

All 3.5485 4 0.47 

exchange rate 
 

cpi 
 

12.79 4 0.01 

exchange rate 
 

All 12.79 4 0.01 

 
The exchange rate contributes significantly to cpi which is supported by the results of 
granger causality test  
(p value is less than 0.05) 
 

 



7.2 Variance decomposition  results 
 
The results appear in four quadrants and key is given at the bottom of the table, in quadrant one 
is the response in ln(cpi) to a shock in itself, and as the series is stationary and therefore shocks 
are not persistent, then the effect eventually die out. And more interesting is how ln(cpi) respond 
to shocks in ln(exchange rate) and vice versa. 
 

 
 
    
 
Conclusion: 
 
In this paper we analyzed the effect of changes on exchange rate on inflation in Egypt as the time 
period from January 2003 to December 2011 since the liberalization of the Egyptian pound.  
The influence of exchange rate movements to prices is significant due to the results of granger 
causality test.  There is a weak relationship between exchange rate and inflation rate and this is 
due to the Egyptian economy is not too open as the imports share in GDP(24%) in 2010. also we 
found that the exchange rate and inflation became stable as what the Egyptian monetary 
authorities seek to  and also this may be due to the declaration of the inflation targeting regime as 
a main goal of the monetary policy . 
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Abstract  
 
In 2011 Statistics Sweden was challenged by its main stakeholder – the Ministry of 
Finance – to develop indicators that could show improvements in product quality over 
time. There are several quality frameworks that address different aspects of quality, such 
as organizational, process and product quality. The challenge, however, is to measure and 
monitor changes in product quality in a comprehensive and systematic way and to clearly 
and concisely present progress towards quality improvement to stakeholders. A tool, 
known as ASPIRE, was developed and tested in 2011 for the Accuracy Dimension of 
quality on eight key products.  It was extended in light of experience and used again in 
2012 to (1) examine changes in Accuracy since the 2011 assessment for the products, (2) 
to assess the quality for the other quality Dimensions, and (3) introduce one new product.  
 
In this paper, we describe ASPIRE and how it can be used to set clear measureable goals 
for product quality for a diverse set of products. Also, a case study is presented to 
illustrate the methodology. 
 
 
Keywords: Accuracy, Quality criteria, Quality guidelines 
 
 
1. Background 
 
The government of Sweden has during recent years tried to monitor quality 
improvements in official statistics for which Statistics Sweden is responsible. In this 
context the government has requested a report in the form of specific indicators that 
signify any quality improvements that are occurring in pre-specified programs.  

Until 2008, Statistics Sweden monitored the quality of statistical programs via self-
assessments, the results of which were reported publicly. However, due to the inherent 
bias in self-assessments, the process did not yield the informative and accurate measures 
needed for effective, continual quality improvement. The self-assessment process was 
thus discontinued and progress on product quality has not been quantified since 2009.  

Therefore in 2011, Statistics Sweden’s R&D Department took steps to develop a model 
that will capture quality changes in the agency’s statistical programs. This led to us to 
undertake a review and evaluation of accuracy of eight products in the period of 
November/December 2011 using an approach referred to in this report as ASPIRE (A 
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System for Product Improvement, Review, and Evaluation). A baseline for these products 
(Round 1) is reported in Biemer and Trewin (2012). The most recent work in 
November/December 2012 (Round 2) is reported in Biemer and Trewin (2013). 

The Round 1 evaluation process worked very well for all products except for National 
Accounts (NA) for reasons described in Section 3. An alternative approach was therefore 
devised for Round 2 that was customized to NA’s unique error sources. This approach, 
described Section 3, effectively created a new baseline evaluation for the NA. 

For our study we have used five dimensions of total survey quality – Accuracy, 
Relevance/Contents, Timeliness & Punctuality, Comparability & Coherence, and 
Accessibility & Clarity. For Round 2, the focus was on the following four activities: 

1. An assessment of improvements in Accuracy relative to the baseline review for 
seven of the eight products reviewed in Biemer and Trewin (2012),   

2. An application of an improved ASPIRE approach for the NA,  
3. A first assessment of a new product – Survey of Living Conditions (ULF/SILC),   
4. An extension of ASPIRE to the so-called user quality dimensions which were 

tested with the LFS and CPI. 

The revised ASPIRE approach used in this paper is described in the next three sections. 
Section 5 summarises the results of the quality evaluations for one product, the Foreign 
Trade of Goods (FTG).  Section 6 discusses our work on the User Quality Dimensions 
and section 7 discusses strengths and weaknesses of the ASPIRE approach. 
 
 
2. The ASPIRE Model 
 
The ASPIRE approach reported in Biemer and Trewin (2013) is general in that it can be 
applied to a range of products produced by a data collection program such as the 
Municipal Accounts (RS), a frame or register such as the Business Register (BR), or a 
compilation of a number of statistical inputs such as the system of NA.  ASPIRE is also 
comprehensive in that it considers the errors arising from all major error sources from the 
design of the data collection to final publication or data release.   

The ASPIRE model assesses product quality by first decomposing the total error for a 
product into major error components. To explain further, suppose ̂Y denotes a survey 
estimate that is subject to errors from a number of sources.  One can conceive of an 
“error-free” version of ̂Y denoted by Y ; i.e., if the processes producing Ŷ were error free 
and ignoring possible sampling errors, the estimate ( Ŷ ) and the error-free parameter (Y ) 
would be equal. The difference, i.e. Ŷ Y− , is then due to errors in the processes that 
produce Ŷ (referred to as the total survey error).  The total survey error (TSE) includes 
both the nonsampling error and sampling error, if applicable, of a product. In the ASPIRE 
model, TSE is decomposed into seven components that are defined in the next section. 
 
2.1 Sources of error 
Frame error arises in the process of constructing, maintaining, and using the sampling 
frame(s) for selecting the survey sample.  It includes the inclusion of non-population 
members (overcoverage), exclusions of population members (undercoverage), and 
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duplication of population members, which is another type of overcoverage error.  Frame 
error also includes errors in the auxiliary variables associated with the frame units 
(sometimes referred to as content error) as well as missing values for these variables1. 
Nonresponse error encompasses both unit and item nonresponse. Unit nonresponse 
occurs when a sampled unit does not respond to any part of a questionnaire.  Item 
nonresponse occurs when the questionnaire is only partially completed because an 
interview was prematurely terminated or some items that should have been answered 
were skipped or left blank. Measurement error includes errors arising from respondents, 
interviewers, survey questions and factors which affect survey responses. Data 
processing error includes errors in editing, data entry, coding, computation of weights, 
and tabulation of the survey data. Modelling/estimation error combines the error arising 
from fitting models for various purposes such as imputation, derivation of new variables, 
adjusting data values or estimates to conform to benchmarks, and so on.   

Finally, revision error is the error in a preliminary, published estimate from a survey that 
is later revised. It can be shown to be a component of the total error of the preliminary 
estimate. To see why, let  denote the preliminary, published estimate whereas  is the 

final estimate.  Then the total error in  given by  can be rewritten as 

 where  is the revision error and  is the total error in the final 

published estimate as described above.  Because a statistical agency is very interested in 
reducing the error in all published estimates, not just the revised one, we focus on both 
preliminary and revised estimates in our evaluation of Accuracy. Furthermore, 
considering revision error as a distinct error source reflects the view that large revisions, 
regardless of their reasons, are undesirable from the user’s perspective and should be 
avoided. Thus, an important quality goal for any statistical agency is to reduce the size of 
the revisions which is facilitated by emphasizing revision error whenever it is applicable.  

Note, however, that revision error is somewhat unusual because it reflects the 
combination of all other error sources on the preliminary estimate. For example, the 
preliminary estimate may differ from the final estimate as a result of late respondents 
(i.e., nonrespondents at the preliminary deadline) whose characteristics may be estimated 
in the preliminary estimate while their reported values are used in the final estimate. 
Likewise, revisions may correct for other nonsampling errors such as measurement, data 
processing, or modelling/estimation errors that are identified after the preliminary 
deadline. In this way, revision error may account for error sources that have already been 
considered in the assessment of data quality for the revised estimate. For this review, no 
attempt is made to decompose revision error into its associated subcomponents 
(nonresponse error, data processing errors, etc.) because the errors that affect the 
preliminary estimates also affect the final estimates, although presumably to a somewhat 
smaller extent.  The other error components are considered in detail in our evaluation of 
the revised estimates.  Rather, our primary interest for the preliminary estimates is on the 
size of revision error, i.e.,  and what steps can be taken to reduce it and/or its 

impact on data users. 

                                                 
1 In our approach, missing information for frame variables is distinct from missing information for variables collected 
during a survey.  The latter is referred to as survey item nonresponse. 
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For most products, an eighth error source – referred to as specification error – is also 
applicable. Specification error arises when the observed variables, y, differs from the 
desired construct, x – i.e., the construct that data analysts and other users prefer.  In 
survey literature, for example Biemer (2011), x is often referred to as a latent variable 
representing the true, unobservable variable and y is often referred to as an indicator of x.  
As an example, in the Foreign Trade of Goods (FTG), the invoice value of goods is 
collected from enterprises (y) while the statistical value (x) (which excludes shipping 
costs within Swedish borders), is preferred for most statistical uses of the data.  Thus, 
specification error may be defined as the difference between y and x (see, for example, 
Biemer and Lyberg, (2003)).  

Specification error biases the estimates of population parameters. Let X denote the true 
population parameter which is a function of x.  Then the total survey error in Ŷ  can be 
written as  

 
ˆ ˆ( ) ( ), or, in words,

TSE  (specification error) + (other sampling and nonsampling errors)

Y X Y X Y Y− = − + −
=

  

Under this model, the TSE of an estimate includes specification error as well as the other 
aforementioned sampling and nonsampling errors.  Thus, the specification error in the 
aggregate, ̂Y , is essentially the difference between the expected value of Ŷ conditioned 
on the concept implied by the survey instrument (Y) and the population parameter under 
the preferred concept (X).   

ASPIRE can also be customized so that it considers only those error sources that pertain 
to a specific statistical product.  For example, sampling error would not apply to products 
that do not employ sampling.  The model also accommodates the risk variation across 
error sources so that a product’s overall quality depends more on error sources that pose 
greater error risks.  For example, in the Municipal Accounts, revision error is of low risk 
because preliminary and final estimates seldom differ appreciably and data users are not 
affected appreciably by revisions. On the other hand, data processing error is of high risk 
due to the amount of editing data receive and its potential to affect the final estimates. 
 
2.2 Risk assessment  
Each error source is also assigned a risk rating depending upon its potential impact on the 
quality for a specific product.  In this regard, it is important to distinguish between two 
types of risk referred to as “residual” (or “current”) risk and “inherent” (or “potential”) 
risk.  Residual risk reflects the likelihood that a serious, impactful error might occur from 
the source despite the current efforts that are in place to reduce the risk. Inherent risk is 
the likelihood of such an error in the absence of current efforts toward risk mitigation. In 
other words, inherent reflects the risk of error from the error source if efforts to maintain 
current, residual error were to be suspended. 

Thus, residual risk reflects the effort required to maintain residual risk at its current level.  
Consequently, residual risk can change over time depending upon changes in activities of 
the product to mitigate error risks or when those activities no longer mitigate risk in the 
same way due to changes in inherent risks.  However, inherent risks typically do not all 
else being equal.  Changes in the survey taking environment that alter the potential for 
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error in the absence of risk mitigation can alter inherent risks, but such environmental 
changes occur infrequently.   

Inherent risk is an important component of a product’s overall score because it 
determines the weight attributed to an error source in computing a product’s average 
rating. Residual risk does not play an active role in the evaluation and is seldom noted in 
the evaluation. Rather, its primary purpose is to clarify the meaning and facilitate the 
assessment of inherent risk.  

2.3. Evaluation Criteria 
In addition to decomposing total error for a product into its component sources and 
identification of the risks associated with each source, the ASPIRE model evaluates the 
potential for these error sources to affect data quality according to five quality criteria, 
viz., Knowledge of Risks, Communication with Users, Available Expertise, Compliance 
with Standards and Best Practices, and Achievement Towards Risk Mitigation or 
Improvement Plans. 

Well-specified guidelines are used to evaluate these risks with a high degree of inter-rater 
reliability (see Appendix for guidelines). In Round 2, the guidelines for these criteria 
have been enhanced and improved. The application of these guidelines was facilitated in 
Round 2 by the use of checklists for each criterion.  The checklists are generic in that the 
same checklist could be applied to each relevant error source. Moreover, we believe a 
simple “yes/no” format used for the checklists eliminates much of the subjectivity 
associated with the checklists.  

As was done in Round 1, a two-step rating process is used to assign ratings on a 10-point 
scale for each error source by criterion combination.  First, a given criterion is assigned a 
qualitative rating of Poor (1-2), Fair (3-4), Good (5-6), Very Good (7-8), and Excellent 
(9-10). In the second step, these qualitative ratings are then refined by choosing between 
low or high numerical point ratings within each of the five categories.   

A product’s error-level score is the sum of its ratings (on a scale of 1 to 10) for an error 
source across the five criteria divided by the highest score attainable (which is 50 for 
most products) and then expressed as a percentage. A product’s overall score, also 
expressed as a percentage, is then computed by following formula: 

all erro r sources

(erro r-level sco re) (error source w eight)
O verall Score

10 (num ber o f criteria) (w eigh t sum )

×=
× ×∑  

where the “weight” is either 1, 2, or 3 corresponding to an error source’s risk; i.e., Low, 
Medium, or High, respectively, and “weight sum” is the sum of these weights over all the 
product’s error sources.   
 
 
3. The Scope of the Review  
 
Table 1 shows the reviewed products and the error sources associated with these. 
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Table 1 Sources of Error Considered by Product 

Product Error Sources 
Survey Products 

Foreign Trade of Goods (FTG) 

Labour Force Survey (LFS) 

Annual Municipal Accounts (RS) 

Structural Business Statistics (SBS) 

Consumer Price Index (CPI) 

Living Conditions Survey (ULF/SILC) 

Specification error 

Frame error 

Nonresponse error 

Measurement error 

Data processing error 

Sampling error 

Model/estimation error 

Revision error 

Registers 

Business Register (BR) 

Total Population Register (TPR) 

Specification error 

Frame: Overcoverage 

 Undercoverage 

 Duplication 

Missing Data 

Content Error 

Compilations 

National Accounts (NA) 

     GDP by Production Approach, Annual 

     GDP by Production Approach, Quarterly 

Input data error (up to four sources) 

Compilation error  

     Data Processing Error 

     Model/Estimation Error 

Deflation/Reflation Error 

Balancing Error 

Revision Error 

 
As previously noted, we believe our evaluation of the NA in Round 1 did not 
satisfactorily consider the unique, extensive and complex error structure of the NA 
products, particularly the GDP estimates. To address these difficulties, the focus of the 
Round 2 review was considerably narrower, focusing solely on the estimation of 
quarterly and annual GDP from the production approach. In addition, the error structure 
of the GDP estimation process has been respecified to more precisely capture its major 
error sources.   

Figure 1 provides a flow diagram that attempts to capture the major activities associated 
with the estimation of GDP.  As shown, the GDP estimation process incorporates two 
somewhat independent ways for estimating GDP.  These are referred to as the production 
(shown on the left) and the expenditure approaches (shown on the right). Both 
approaches begin with a number of inputs that must be assembled, processed, and 
compiled to prepare them for the next step in the process.  The “Compile” stage includes 
data processing, which may be simply entering the inputs into an Excel spreadsheet but 
may also include some editing as well as modelling/estimation.  This latter process may 
involve combining multiple inputs to create derived variables as well as modelling the 
data to reduce specification and other errors.  For producing GDP in current prices, these 
compiled inputs proceed through an estimation stage which, for the production approach, 
involves adding taxes and deducting subsidies (subs). For constant prices, the current 
prices must be “deflated” using the appropriate prices indices before adjustments for 
taxes and subsidies.  Both the production and expenditure approaches will produce 
interim estimates of GDP (both current and constant prices) which must then be 
“balanced” or forced into agreement as the economic theory dictates (see, for example, 
Lequiller and Blades, (2006)).  This balancing process produces the preliminary estimates 
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of GDP for both current (denoted by Cu in the exhibit) and constant (denoted by Co) 
prices. The latter differs from the former primarily by a deflation/reflation process that 
adjusts prices to a common base-year.  The preliminary estimates are subsequently 
revised when addition data become available. Thus, the error sources associated with the 
GDP estimation process are as shown in Table 1, bottom panel. 

 
Figure 1 Process for Estimating GDP in Current and Constant Prices 
 
In the evaluation of production GDP, considerable attention was given to the error in the 
inputs and their effects on the error in the GDP estimates.  Priority was given to inputs 
that posed the greatest risk to GDP error.   
 
 
4. Application to the Products 
 
The application of ASPIRE to the products in Table 1 follows a three-step approach.  

1. Pre-interview Activities: Each evaluator (Biemer and Trewin) received an extensive 
list of materials for each of the products.  These materials were reviewed in the weeks 
preceding the quality interview.  In Round 2, the review process was considerably aided 
by the existence of Quality Declarations (QD) for all products.  

2. The Quality Interview: Each interview took approximately four hours to conduct.  
Detailed minutes were kept of all interviews providing a record of the proceedings.  

3. Post-Interview Activities: Shortly after the interviews, the evaluators reviewed the 
minutes of the interview and refined their ratings. Considerable care was taken to identify 
and address any apparent inconsistencies within and across products.  Following this 
rating reconciliation period, the semi-final ratings and narratives explaining the ratings 
were shared with the staff who were asked to correct any inaccurate or misleading 
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information and identify ratings that they believed were not well-founded. Based on this, 
the ratings and narratives were further adjusted, supported and adjudicated.  
 
 
5. A Case Study – Foreign Trade of Goods (FTG) 
 
In Biemer and Trewin (2012), FTG’s evaluation score was among the highest.  We 
believe that the FTG continued this high level of performance in Round 2 of ASPIRE. 
The following are noteworthy quality improvement activities that occurred in 2012: 

• Communication with users regarding survey error generally improved as a result of 
improvements to the QD.  

• Three important studies were completed and documented in reports providing more 
information on survey error.  

• Swedish Customs adopted Statistics Sweden’s editing system which demonstrates 
that it is a state of the art system. 

• Plans are in place to better understand the causes of revision error, its impact on 
important users such as the NA, and some effective means for reducing it over time. 

• An asymmetry study with Finland was completed which focused on the effects of 
coding error on the trade statistics. 

• Work is underway to replace the current Excel-based macro-editing software with 
much improved and flexible software written by IT professionals. 

• Use of the agency’s “Standardized Toolbox” increased, meaning improved practices. 
• A new survey of statistical value is scheduled for 2013. 

The current and previous round’s ratings are shown in Table 2 in graphical form whereas 
the changes are shown in Table 3.  The risk level some error sources were revised based 
upon additional information received in Round 2.  For example, Revision error was 
raised to High based on conversations with the NA staff regarding the impacts of 
revisions of FTG statistics on the estimates of GDP. The reviewers also made a number 
of recommendations for improvements.   

Table 2  FTG Accuracy Ratings for 20122 

Error source

Score 

round 1

Score 

round 2

Knowledge 

of Risks

Communica

tion to 

Users

Available 

Expertise

Compliance 

with 

standards 

& best 

practices

Plan 

towards 

mitigation 

of risks

Risk to 

data 

quality

Specification error 58 58 � � � � � M

Frame error 58 58 � � � � � L

Non-response error 62 66 � � � � � M

Measurement error 54 62 � � � � � H

Data processing 

error

46 60 � � � � � H

Sampling error N/A N/A N/A N/A N/A N/A N/A N/A

Model/estimation 

error

66 80 � � � � � M

Revision error 62 76 � � � � � H

Total score 57,3 65,8  
                                                 
2 The pink shaded cells indicate areas where improvements were noted between Round 1 and Round 2. 
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Table 3  FTG Change Ratings between Round 1 and Round 2 

Correction from 2011 rating

Improvement from 2011 rating

Comments on changes

Specification error
58 58 5 7 5

1 7 7 5 M

1
Under the current guidelines, communication should have been "Good" last year, not 

"Very Good."

Frame error
58 58 7 5

1 5 7 5 7 M L
2

1
Corrects error in last years rating for Knowledge of Risks. 

2
Also, corrects risk level based upon intrins ic risk of frame error being low.

Non-response error 62 66 7 5→7
1 7 5 7 M

1
Communication to users about nonresponse improved as a result of the QD.

Measurement error

54 62 5→7
1 5 5→7

2 7 5 H

1
Knowledge of risks gained through writing the QD as well  as preparation of the 

annexes to the SLA with the NA.
2
Working relationship and closer cooperation between the collection unit and the 

methods group as a result of the SLA.

Data processing error

46 60 5→7
1

5→7
2

5→7
3 3 5→6

4
M H

5

1
Knowledge of risks gained through writing the QD as well  as preparation of the 

documents "Improvements of the work on revisions in the Swedish good" and 

"Improving macro-editing in Intrastat."
2
Likewise Communication has improved through both of the above mechanisms.

3
Working relationship and closer cooperation between the collection unit and the 

methods group as a result of the SLA.
4
Some planning is underway for further improvements of editing and coding. Planning 

and discussions are underway to reduce the misclassi fication of goods by enterprises.
5
Risk level  was re-evaluated and elevated to H based upon the importance of editing to 

data quali ty.

Sampling error N/A N/A N/A N/A N/A N/A N/A N/A

Model/estimation error

66 80 7→8
1

5→7
1

7→9
2

7→9
3

7 
4 M

1
Both Knowledge and Communication have improved as evidenced by the recent 

document "Improvement of the distribution keys for the estimated trade in the Swedish 

Intrastat."
2
Key staff have made national presentations with regard to modell ing and estimation 

in connection with the WG  Quality Meetings, elevating their expertise.
3
Swedish Customs adopted SCB's editing system which suggests that it may be a state 

of the art system.
4
Plans are in place to study more sophisticated models for estimation for enterprises 

under the cut-off using the Vat Information Exchange System (VIES).

Revision error

62 76 5→7
1

5→7
1 7 7→9

2
7→8

3
L H

4

1
Knowledge and communication of risks improved through writing the QD as wel l as 

preparation of the documents "Improvements of the work on revisions in the Swedish 

goods." 
2
Compliance with standards and best practices enhanced through Standardized 

Toolbox.  Above referenced document also provides evidence that best practices are 

being fol lowed.  Progress has been made to rapidly detect and repair causes of large 

revisions.
3
Plans being developed to identify causes of revision error.

4
The risk level was re-evaluated and elevated to H as a result of the impact on the NA 

statistics.

Total for Accuracy 57,3 65,8

Compliance 

with 

standards & 

best 

practices

Plans 

towards 

mitigation 

of risks

Risk to data 

quality

Error source

Score 

round 1

Score 

round 2

Knowledge 

of Risks

Communica

tion to 

Users

Available 

Expertise

 
 
 
6. Assessing User Dimensions of Quality 
 
As noted previously, the ASPIRE system was expanded in Round 2 to incorporate a 
process for evaluating the four user dimensions of quality; viz., Accessibility & Clarity, 
Comparability & Coherence, Relevance/Contents, and Timeliness & Punctuality. The 
primary goal of this application was to develop a process for assessing these quality 
dimensions and to test how well the process works for two products.  The framework for 
rating a product for these dimensions was modelled after the Accuracy framework; i.e., 
each dimension was decomposed into mutually exclusive components (analogous to the 
error sources defined for Accuracy) and quality was assessed according to five criteria 
similar to the five Accuracy criteria.  These criteria are Knowledge of User Needs, 
Communication with Users, Available Expertise (to address user needs), Compliance 
with Standards and Best Practices, and Plans toward Addressing User Needs and were 
applied to each of the components under a dimension.  The components associated with 
each user dimension appear in Table 4.  As for Accuracy, checklists were developed for 
each criterion and were generic across dimensions and components within dimensions.  
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Table 4  User Dimensions and their Components 

Relevance/Contents 

• Outputs (including microdata and 

other products) 

• Inputs (content, scope, classifications, 

etc.) 

Timeliness & Punctuality 

• Timeliness of release of main aggregates 

• Timeliness of release of detailed outputs (including 

microdata) 

• Punctuality of data releases 

Accessibility & Clarity 

• Level and timeliness of user support 

• Ease of data access (including 

microdata where relevant) 

• Documentation (including metadata) 

• Availability of quality reports 

Comparability & Coherence 

• Comparability across geography, populations, and other 

relevant domains 

• Comparability across time (including impacts of redesign) 

• Coherence with other relevant statistics (including use of 

standard classifications, frameworks, etc.) 

The LFS was evaluated for Timeliness & Punctuality and Comparability & Coherence 
and the CPI was evaluated for Relevance/Contents and Accessibility & Clarity.  The 
assessment process, which proceeded much like the process for Accuracy, seemed to 
work very well for their initial application.  However, some improvements can be made 
before the next round, for example, of the checklists and criteria under each dimension to 
better capture the risks to poor quality associated with each dimension.   
 
 
7. Strengths and Weaknesses of the ASPIRE 
 
Any method for evaluating the quality of processes as complex as those associated with 
these ten products will be subject to some limitations and imperfections. Measuring the 
true accuracy (for example, all components of the TSE) of a statistic such as the CPI or 
quarterly GDP is virtually impossible because the data necessary to estimate the total 
error are unavailable. Moreover, data that are available for bias and variance calculations 
are themselves subject to error.  The ASPIRE approach does not purport to provide direct 
measures of the total error in a product.  Rather, the goals of ASPIRE are to:  

a) identify the current, most important threats or risks to the quality of a product, 
b) apply a structured, comprehensive approach for assessing efforts aimed at reducing 

these risks, and 
c) identify areas where future efforts are needed to continually improve process and 

product quality.   
We believe that product Accuracy will improve to the extent that these three goals are 
met and as efforts to achieve these goals continue.  The ASPIRE approach is capable of 
achieving these goals provided that the inputs to the process – in particular, the 
information needed to accurately assess each criterion – are accurate, complete, timely, 
and accessible by the evaluators.  Continuing to update and improve the documentation 
of quality is an important determinant of the success of ASPIRE to achieve its goals. We 
further believe that the quality ratings assigned by ASPIRE are correlated with the level 
of quality risks in the sense that changes in the ratings for a product predict real changes 
in the risks of poor data quality. 

There are three important strengths of ASPIRE.  First, the approach is comprehensive in 
that it (a) covers all the important sources of error for a product and (b) uses criteria that 
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span all the important risks to product quality. Second, the checklists used to assign the 
ratings under each criterion seem quite effective at identifying and assessing both 
manifest and hidden risks to data quality. To the extent that the documentation and other 
information shared during the ASPIRE process is both accurate and complete, the current 
approach can be used to assign reliable ratings that reflect true data quality risks. Third, 
ASPIRE identifies areas where improvements are needed ranked in terms of their priority 
among competing risk areas.  For example, priority should be given to areas having 
highest risk and lowest ratings, assuming other factors being equal. 

One weakness of the model is that it is, at best, a proxy measure for product quality.  As 
previously mentioned, ASPIRE cannot provide a direct measure of the total error of a 
variable, estimate, or product.  It relies on the assumption that reducing the risks of poor 
data quality and improving process quality will lead to real improvements in data quality.  
Another weakness of the approach is that it is somewhat subjective in that it relies 
heavily on the knowledge, skill, and impartiality of the evaluators as well as the accuracy 
and completeness of the information available to the evaluators.  
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Appendix  
 
Table 6 Quality Criteria and Guidelines for Accuracy 

Exhibit 1.1a.  Knowledge of Risks 
 

Poor [1,2] �  Fair [3,4] � Good [5,6] � Very Good [7,8] � Excellent [9,10] � 
Program 
documentation 
does not 
acknowledge 
the source of 
error as a 
potential factor 
for product 
accuracy. 

Program 
documentation 
acknowledges error 
source as a potential 
factor in data 
quality. 
But:  No or very 
little work has been 
done to assess these 
risks. 

Some work has been done 
to assess the potential 
impact of the error source 
on data quality. 
But:  Evaluations have 
only considered proxy 
measures (example, error 
rates) of the impact with 
no evaluations of MSE 
(bias and variance) 
components. 
 
 

Studies have estimated relevant MSE 
components associated with the error source 
and are well-documented. 
But: Studies have not explored the 
implications of the errors on various types of 
data analysis including subgroup, trend, and 
multivariate analyses. 

There is an ongoing program of 
research to evaluate all the 
relevant MSE components 
associated with the error source 
and their implications for data 
analysis. The program is well-
designed and appropriately 
focused, and provides the 
information required to address 
the risks from this error source.   
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Exhibit 1.1b.  Communication with Users 
Poor 

[1,2] �  Fair [3,4] � Good [5,6] � Very Good [7,8] � Excellent [9,10] � 
Reports, 
websites, 
and other 
communic
ations with 
data users 
and 
customers 
are devoid 
of any 
mention of 
the error 
source. 

There is 
acknowledgement of 
the risks of error 
from this source. 
But: 
Communications 
have been largely 
inadequate 
considering the 
importance of these 
potential risks to 
data quality. 

Communications with 
users and customers have 
adequately described the 
risk to many users. 
But: Information conveyed 
has largely been sampling 
errors and/or proxy 
measures with little 
communications regarding 
MSE components or the 
risks have been 
downplayed leading to a 
false sense of security. 

Communications have shared some of the available 
information on the relevant MSE components that 
have been evaluated and the true risks to users have 
been appropriately conveyed. 
But: The information conveyed in could be 
improved in one or more of these areas:  (a) more 
clarity so that complex ideas are comprehensible to 
less sophisticated users, (b) improved presentation 
so data analysts can apply the knowledge more 
directly in their analyses, or (c) a fuller discussion 
of the implications of the findings for various types 
of data analysis so that users are can make 
informed decisions regarding the results. 

Communications regarding 
the error source have been 
thorough, cogent, and clear.  
An appropriate level of detail 
has been included in the 
communications so that users 
should be fully aware of any 
risks of the error source to 
data quality and are provided 
with all the information they 
need to deal with the risks 
appropriately in their 
analyses. 

Exhibit 1.1c. Available Expertise 
Poor [1,2] �  Fair [3,4] � Good [5,6] � Very Good [7,8] � Excellent [9,10] � 

Among the staff 
assigned to work 
on the product, 
either (a) there are 
no staff that are 
familiar with 
techniques that 
will be required to 
deal with the 
potential risks to 
accuracy for the 
product or (b) the 
expertise of staff 
that are assigned 
is sorely 
inadequate. 

The available 
expertise 
required to 
study this error 
source and 
communicate 
the findings of 
such studies to 
data users is 
adequate in at 
least one 
important area.  
But: For most 
important areas 
expertise is still 
lacking. 

The available expertise 
required to study this error 
source and communicate 
the findings of such 
studies to data users is 
adequate in most of the 
important areas.  
But:  Either (a) there is at 
least one area that may be 
critical to accuracy where 
a higher level of expertise 
is needed or (b) there are 
one or more minor areas 
that could become 
important in the future that 
are not well staffed. 

The available expertise required to study this 
error source and communicate the findings of 
such studies to data users is adequate in all 
important areas. There is a good working 
relationship with the key groups involved in 
activities associated with this error source. 
Staff are keeping up to date with 
developments in their areas of expertise 
But: There are one or more minor areas that 
could become important in the future which 
are not well covered.  Current expertise is not 
adequate to achieve the highest ratings for all 
evaluation criteria for this error source or the 
expertise would not be readily available to 
work on these error sources. 

The available expertise required 
to study this error source and 
communicate the findings of 
such studies to data users is more 
than adequate to achieve the 
high ratings across all evaluation 
criteria  The relevant experts are 
actively addressing errors from 
the source. There is an excellent 
working relationship with the 
key groups involved in activities 
associated with this error source. 
Staff are keeping up to date with 
and contributing to 
developments in their areas of 
expertise. 

Exhibit 1.1d.  Compliance with Standards and Best Practices 
Poor [1,2] �  Fair [3,4] � Good [5,6] � Very Good [7,8] � Excellent [9,10] � 

Staff are mainly unaware of 
standards and best practices 
that are relevant for this 
error source.  If some 
awareness exists, there is no 
evidence that standards and 
best practices, as they related 
to this error source, have 
been applied to the product.  
Moreover, serious 
deficiencies exist that violate 
standards and best practices 
as they relate to this error 
source. 

Staff are aware of 
standards and best 
practices and there is 
evidence that these have 
been applied to the 
product for this error 
source.  
But: There are still 
important areas of 
noncompliance that need 
to be addressed.  These 
gaps are not currently 
being addressed or 
actions to address them 
have been inadequate. 

Staff are well aware of 
relevant standards and 
best practices and have 
clearly been applied 
them to the product.  
Important violations or 
gaps are being actively 
addressed. 
But: Either (a) 
compliance is not 
routinely monitored or 
(b) gaps in compliance 
exist for some minor 
areas that are not being 
addressed. 

Staff are well aware of the 
relevant standards and best 
practices and have clearly applied 
them to the product.  There are no 
serious violations of standards 
and best practices as they relate to 
this error source 
But: Some staff may not keep up 
to date with latest standards and 
developments in best practices 
that are relevant to their work. 
Compliance may not be routinely 
monitored. 

The product is fully 
compliant with agreed 
standards and best practice. 
The relevant staff are fully 
aware of the standards and 
best practices and 
continually monitor the 
work to ensure that 
compliance is maintained. 
They are actively keeping 
up to date with and 
contributing to latest 
standards and 
developments in best 
practices. 

Exhibit 1.1e.  Achievement Towards Mitigation and/or Improvement Plans 
Poor 

[1,2] �  Fair [3,4] � Good [5,6] � Very Good [7,8] � Excellent [9,10] � 
There is no 
evidence 
that any 
planning 
has been 
done for 
studying or 
mitigating 
the risks 
for this 
error 
source. 

An overall plan 
for error 
reduction with 
measurable 
objectives exists 
for mitigating 
the risks for this 
error source.   
But: The plan is 
not approved by 
the appropriate 
level of 
management. .   

A management-approved plan with 
measurable objectives exists. The plan 
adequately addresses the work required 
for mitigating the risks of poor data 
quality relative to this error source... 
But: One of the following deficiencies 
with the plan exists: a. The overall plan 
has not been updated in at least one 
year. b. There is no accountability in 
place to ensure compliance with the 
plan.     c. No mechanism is specified 
for gauging progress toward each 
objective. d. No resources have been 
allocated to implement the plan.     

Resources have been 
allocated to undertake this 
work. Considerable 
progress has been made on 
the plan   for mitigating the 
risks to data. .   None of 
the deficiencies noted 
under the "Good" criteria 
are present. 
But: Efforts have not yet 
produced the desired 
control over the error 
source that is stipulated in 
the plan. 

  Mitigation plans have been fully 
implemented or well underway. Progress 
toward all goals and objectives has been 
excellent. As a result, the level of error in the 
final estimates due to this error source is 
being maintained at an acceptable level for 
the primary purposes of the data. As a result 
of these efforts, the error source is under 
control and poses no or very little risk to data 
quality. Results of the mitigation activities 
have been fully documented. Accountability 
measures are in place to ensure compliance 
with the plans.  The mitigation plans are 
reviewed and updated periodically. 
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Abstract  
    

Geographic proximity to land use developments has long been theorized to negatively 
influence resident attitudes toward these developments. However, measurements of 
proximity in attitudinal research have proved difficult to obtain and the scale at which 
proximity should be measured is debated. This study describes a research project that 
combines GIS-based property records with a mail-based survey questionnaire to measure 
resident attitudes towards nearby wind farm and natural gas drilling developments. The 
technique allows for sampling based on precise location and land parcel attributes, and 
survey results that can be mapped and analyzed according to precise measures of 
proximity to development, as well as other attributes such as view shed, land use, land 
tenure, and parcel size. Overall, the use of precise geospatial data in mail survey research 
remains a growing, yet underutilized tool in social science research. This article provides 
a brief case study of the application of this technique in the context of proximity to large 
scale developments, and advantages and limitations of the methodology to the field of 
social science are discussed.  
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1. Introduction to Proximity in Attitudinal development  
     

The use of precise geospatial data to identify mail survey respondents and interpret 
survey results remains a growing, yet underutilized tool in social science research (Logan 
2012). The use of geographic data has always been an integral component in survey 
design and analysis, however the scale and precision in the usage of such spatial 
measurement varies.  Survey samples are often identified, and survey results often 
analyzed, via spatial categories such as political subdivisions, postal codes, or even 
neighborhoods; yet, capturing and utilizing precise geospatial data of survey respondents 
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is not common. In most contexts, socio-demographic attributes are typically viewed as 
more important in explaining survey results then are geographic characteristics. Often, 
geographic categories (such as neighborhoods or postal codes) are used not because of 
their location in space, but precisely because they are thought to represent certain socio-
demographic attributes such as race or income (Logan, 2012; Blough 2001).  
 
One area of social science research where precise geographic location is considered of 
prime importance is resident attitudes towards large and often undesirable land use 
developments. Geographic proximity to these developments has long been theorized as 
the largest negative influence on resident attitudes toward these developments, a 
relationship typically referred to by the term NIMBY (i.e. Not In My Back Yard) 
(Schively 2007). Energy developments such as wind farms and unconventional oil and 
natural gas drilling represent some of the largest and most controversial land use changes 
occurring in the world today. Measuring and understanding resident attitudes towards 
such developments has become increasingly important as development plans often run 
into and are even blocked by public opposition to their development. 
 
Despite the prevalence in usage of the acronym, the NIMBY concept has increasingly 
proved problematic as a multitude of research has found that other variables tend to 
explain variation in attitudes far better than proximity to development (Jaqcuet 2012, 
Devine-Wright 2009, Michaud et al. 2008,  Van der Horst 2007, Gross, 2007). Some 
research has even measured a “reverse NIMBY” phenomenon, whereby residents closer 
to the development were more likely hold supportive views (Braunholtz 2003). 
 
1.1 Measuring Proximity 
One larger problem with measuring and testing the effect of proximity to development is 
that statistical measurements of proximity in attitudinal research have proved difficult to 
obtain and the scale at which proximity should be measured is debated (Michaud et al., 
2008, Swoffard and Slatterly 2010). Michaud et al. (2008) measured proxmity by 
whether respondends lived within categoreis of several thousand miles of the proposed 
development. More often, reseachers measure proximity by grouping respondents within 
certain, smaller distances (i.e. 0-5km, 5-10km, 10-15km) (i.e. Braunholtz 2003, Swoffard 
and Slatterly, 2010) or within certain towns or policial boundaries that are in ordinal 
levels of proximity to the development (Devine-Wright and Howes 2010).  
 
2. Methods  
 
This study combines GIS-based property tax records with a mail-based survey 
questionnaire (58% response rate; n = 1028) to measure the effects of proximity on 
resident attitudes towards the simultaneous large-scale development of both wind and 
natural gas occurring in Northern Pennsylvania, in the United States. In the United States, 
local municipalities and school districts receive a large portion of their operating 
revenues through the taxation on the value of land owned within their jurisdictions. In 
addition to knowing the precise market value of the property, different types of land uses 
are taxed at different rates. The result is that very detailed property databases exist for 
nearly every location in the US that include precise measurements of property 
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boundaries, land ownership, land usage trends, and land value. These are public records 
available to anyone; however whether the records have been digitized – much less 
geocoded for use in Geographic Information Software (GIS) – will vary from 
municipality to municipality. However a database that contains digitized and geocoded 
property records will allow for a sampling technique based on precise location and land 
parcel attributes. The survey results – combined with precise spatial coordinates of the 
energy development locations – allows attitudes toward development of the different 
energy sources to be mapped and analyzed according to precise measures of proximity, 
view shed, land use, land tenure, and parcel size. Attitudes can be mapped and displayed 
in relation to locations of energy development, and factors such as the difference between 
the respondent’s perceived proximity and the actual proximity measurement can be 
analyzed.  
 
The GIS-based survey sampling and analysis methodology used in this research may 
prove valuable for a range of different land use and policy applications beyond energy 
development.  Limitations of the methodology are discussed, both in terms of sampling, 
statistical analysis, and confidentiality in the dissemination of the results.   
 
2.1 Research Location 
The survey effort focused on a rural, mountainous region in the northern part of the state 
of Pennsylvania, where intensive shale gas development and a large wind farm facility 
was being developed, with plans for additional gas and wind development.  The area, 
called Armenia Mountain, is a diverse mix of small towns, agricultural lands, and 
amenity-rich natural areas, offering variation in land use and residency. The total 
population within 16km of the wind farm, including within 6 small towns or boroughs 
(U.S. Census Bureau, 2011), was approximately 10,000 people.  The Wind Farm 
consisted of 67 1.5 MW wind turbines, constructed in 2009-2010, with an average height 
of 118m, and plans to build an additional 56 turbines in coming years. The area is also 
the site of intensive natural gas drilling activity by several national and international 
energy firms targeting the unconventional Marcellus Shale gas formation.  This region of 
northern Pennsylvania has emerged as a geologically attractive hotspot for development 
of the Marcellus Shale, with 934 shale gas wells drilled between January 2009 and 
September 2011 within the 16km region of the Armenia Mountain wind farm area. Of 
these, 96 were drilled on or adjacent to private parcels that also contain wind turbines 
(PA DEP 2011).  
 
 
2.2 Methodology 
Publically available property tax databases and ArcGIS software were used to obtain geo-
spatial information, usage characteristics, and landowner mailing information for all 
parcels within a 16km region around the Armenia Mountain Wind farm in Tioga and 
Bradford counties. All commercial, industrial, and publically-owned parcels were 
removed from the sample. After duplicate landowner names and mailing addresses were 
removed, a total population of approximately 8,000 property owners owning parcels 
classified as residential, agricultural, and recreational were identified, of which a survey 
sample of 1,800 property owners was selected.   Natural gas drilling activity is relatively 
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evenly distributed across the survey area, while wind farm activity was limited to an area 
with a relatively low population.  To avoid a low response among landowners near the 
wind farm, all 570 landowners who owned property within approximately 3km of a wind 
turbine were selected as part of the survey sample, while an additional 1,230 property 
owners were randomly selected from the remaining landowners within the larger 16km 
region.   
 
Latitude and longitude coordinates were obtained for all wind turbines and gas wells, and 
GIS software was used to measure resident distance or proximity from the geographical 
center of each land parcel to the nearest well and turbine coordinates.  
 
Surveys were mailed in April and May of 2011, employing multiple mailings of the 
survey and reminder letters (for method, see: Dillman, 1978).  Forty-nine of the 1,800 
surveys were reported as undeliverable; of the remaining 1,751 surveys, 1,028 were 
returned, achieving a response rate of 58.7%. Those within 3km of the wind farm had a 
higher response rate (63.0%) compared to those beyond (54.4%). The survey results as a 
whole have been weighted to adjust for the oversampling of respondents close to the 
wind farm (except in cases where the close proximity group is analyzed specifically).  
 
2.3 Results  
(For detailed results of this survey, see Jacquet 2012)  
In the end, when a summed scales of questions related to attitudes towards current and 
future wind farm and shale gas development were correlated with distances of proximity 
to each of the developments, the results showed that geographic proximity appears to 
play very little role in influencing attitudes towards either shale gas development or wind 
farm construction. There was a slight correlation (r = .122; sig. <.000) between greater 
distance from the wind farm and more positive attitudes towards development; however, 
other variables, such as economics, environmental attitudes, attitudes towards gas 
drilling, opportunity for participation, and attitudes before construction appeared to play 
much bigger roles in explaining variation in attitudes. 
 
2.3.1 Opportunities for Additional research   
The availability of spatial data and GIS software allows for additional analysis of this 
dataset. For example, in addition to strict proximity, view shed can be extrapolated for 
many of the properties to obtain measures of “visual proximity” to the nearest 
development, especially in the case of wind farm development (also, see limitations 
below). Spatial data in this data set can be used to analyze relationships between other 
variables (such as relationship between geographical features and attitudes toward the 
environment or community). Further analysis is needed.  
 
3. A Discussion of Opportunities and Limitations 
 
3.1 Challenges to Anonymity   
The very richness and specificity of the respondent data can become problematic over 
concerns of releasing information that can potentially identify individual respondents. 
This becomes especially challenging when using illustrations that visually display the 



5 
 

geographic distribution of survey data. Maps that represent survey responses via color-
coded property boundaries are an engrossing visual display of data, yet in the rural and 
localized context of our work, the display of such maps would be unethical because 
individual property boundaries (and thus, responses to the survey) could be identified by 
viewers knowledgeable of the area.  
 
In contexts where anonymity can be comprised by geographic display of survey results, it 
is a challenge to the researchers to invent creative display techniques that harness the 
descriptive power of geographically-tied survey data, yet disguise the identifiable nature 
of the geographic data.  
 
3.2 Sample representativeness 
Property tax databases provided detailed land use characteristics, accurate name and 
mailing address information, and precise geospatial information that can be analyzed with 
geographic information system software.  This data source was preferable to other 
sources of proximity data for a number of reasons, including a) the detailed information 
about the properties, including the geographical extent of the property and not simply the 
mailing location; b) the mailing addresses associated with the property data were used to 
mail important yearly property tax information, and therefore were likely to be reliable; 
and c) unlike some addressing services, the data was free and publicly available.  
 
However, only owners of property are reached by this methodology. The 2010 Census 
reported that 25.7% of residences in the sampling area were occupied by renters: these 
residents were not included in the survey sample.  
 
Additionally, the property tax databases contained the peculiarity that as much as 75% of 
the property owner names in the database were listed with either solely a male name or 
with a male name listed as the primary addressee, despite the fact that that 52% of 
residents in the survey area were female (U.S. Census Bureau, 2011). The responses to 
the survey reflect this disparity, with 69.0% (709) of respondents selecting their gender as 
Male, 27.7% (285) Female, and 3.3% (34) with no gender selected.  In the US, especially 
in rural areas, it has historically been commonplace for males to be listed as “the head of 
the household” and primary addressee, and in mail-based survey research, such disparity 
carries over to who the survey is ultimately addressed to, and strongly influences who 
completes the instrument (Jacobson et al., 2007).  
 
Furthermore, landowners are likely to be older and wealthier than non-landowners. The 
median age of the survey respondents was 52 years old, while the census reported that the 
average age of people aged older than 18 in the survey area was 58 (U.S. Census Bureau, 
2011).  Survey respondents were more likely to have a college degree than the survey 
area population.   
 
3.2.1 Multiple Addresses  
A peculiarity of measuring proximity from land ownership data is that some land owners 
may own multiple properties, and it is up to the researcher to decide from which property 
proximity should be measured. In this case, all properties within 3km from a wind turbine 
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were first selected, and therefore any duplicate owners subsequently selected outside of 
3km region were discarded; as a result, the property nearest to the wind farm were 
selected as the primary residence from which to draw proximity, even though the 
respondent was answering the questions as an owner of multiple properties located 
various distances away from the development.  
 
3.4 A truly better measure of proximity? 
In the end, it should be discussed if the technique of combining GIS based research with 
mail-survey research yields a measure of proximity that is actually superior to other 
methods.  The technically precise measurement of proximity may not correspond well 
with the measure of proximity that residents perceive, based on factors such as if the 
development site is within visual or auditory range of the resident, driving distance vs. 
“as the crow flies” distance, etc. Research exists that suggest that attitudes and identity 
formation may in fact influence our perception of distances, and not the other way around 
(Xiao and Jay Bavel 2012). Regardless, it is perceived proximity that is likely to 
influence attitudes to a greater degree than actual distances as measured by GIS software.  
 
Furthermore, this study measured the relationship between proximity and attitudes within 
a maximum of 16km from the development.  It is possible that the effects of proximity on 
attitudinal variation are experienced at greater ranges (i.e. “the Back Yard” is bigger than 
16km), however, measuring from greater distances will likely reduce the need or 
effectiveness of the precise measurements afforded by using GIS technology.  

 
4. Conclusion  
This study provides an example of combining GIS coordinates with mail survey research 
to achieve precise measures of proximity, and the relationship between proximity and 
attitudes towards energy development. Such methodology that includes markers of 
precise geo-spatial location in the survey design clearly holds promise for utilization in 
additional research; including in studies of proximity, but also in other areas of inquiry 
where precise geographic proximity can provide important information (such as specific 
view sheds, traffic levels, environmental attributes, and other areas).  
 
Such a methodology also contains a number of drawbacks and challenges. General geo-
spatial specificity is likely not needed in many contexts where more general location data 
will suffice. The sources of specific geo-spatial data are limited, and the type of data 
chosen can also be a limiting factor. Sample representativeness was compromised by the 
type of data source chosen for this particular study; conversely, geo-spatial measures 
based on mailing addresses (for example) will likely comprise the level of geographic 
precision to some degree.  Additionally, while the data specific GIS coordinates provide a 
wealth of possible data, the same wealth of data poses problems for confidentiality of 
respondents and can severely restricts the display of data.   
 
In conclusion, it is clear that, where appropriate, survey design and social science 
research clearly can benefit from an expanded use of geo-spatial coordinates to explain 
variation in survey results. It is up to research scientists to get creative in the research 
design to overcome potential challenges and take advantage of these benefits.   
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Abstract  
      
The paper considers a Finnish human survey that takes advantage of explicit 
stratification. Stratification is not ordinary, since there are two types of strata. The first 
strata are created from all 8881 grids of 250 metres times 250 metres. The information for 
this grid data base is downloaded from population and tax registries. The data base is first 
used to create the two explicit strata, one consisting of such grids where the median tax 
income of the adults is low (called ‘poor’ grids), whereas the median income is high in 
the second explicit stratum of such grids (‘rich’ grids) In order to correctly handle these 
data, it is required first to create good sampling weights, and secondly, due to 60 per cent 
non-response to adjust for these weights. The adjustment is strengthened with good 
auxiliary data both from the grid data base and other administrative sources.  
 
 
Keywords: 250 m x 250 m grids, conditional sampling design, auxiliary variables from 
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1. Introduction   
     
The paper is focused on methodological issues of a special southern Finland survey.  The 
target population covers 25-74 years old Finnish and Swedish speaking residents. The 
survey takes advantage of explicit stratification so that sample units are drawn randomly 
within strata. Stratification is not ordinary, since there are two types of strata. The both 
strata cover the target region of the study but the first strata have a special nature. They 
are created from the 8881 grids of 250 metres times 250 metres.  
 
This grid data base is maintained by Statistics Finland and its population and tax data are 
downloaded from registers to each grid. Such register grid-based information has been 
used to first create the two explicit strata, one consisting of such grids where the median 
tax income of the adults belong to the highest quintile, whereas the second explicit 
stratum consists of such grids where the median income lies in the lowest quintile. We 
call the previous ones as ‘rich grids’, and the latter ones as ‘poor grids,’ respectively.  
 



Some statistics of grids is given in Table 1. Initially, the number grids with ‘poor’ and 
‘rich’ people, respectively was equal but since some grids were excluded due to 
confidentiality, the number is not equal any more. The criterion of this exclusion is the 
threshold less than 11 adults. Interestingly, ‘rich people’s’ grids are much less populated 
than grids of ‘poor people.’ 
 
Table 1. Statistics of grids where one or more adults living   
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Note, the intermediate income quintile grids are excluded from this grid-based sample. 
Fortunately, the people living in the intermediate grids have a non-zero inclusion 
probability to be included in the second sample that is a traditional stratified random 
sampling with administrative explicit strata (municipalities, merged municipalities or 
sub-municipalities). It is good to recognize that the target population residents both in 
‘rich’ grids and in ‘poor’ grids, respectively, can be included in the survey from the both 
explicit strata. Thus, the second sampling design is conditional to the first sampling 
design.  
 
The design is conditional even so that if a person has been selected for the first (grid) 
sample, he/she and the whole dwelling of such a person are excluded from the second 
sample selection. This overlapping leads to a special strategy to create the inclusion 
probabilities, and consequently, the sampling weights for the whole data set, since we 
want to create the correct weights for each sampled person (and later for each 
respondent). This is exactly possible for the second (municipality) sample since we know 
their frame population from the register.   
 
The sampling issues are considered in details in Section 2. The section also presents the 
formulation for the design weights that thus is not traditional. The data collection mode is 
mixed in our survey, since a potential respondent had opportunity to reply either via web 
or via ordinary paper questionnaire.  The overall response rate is rather low, about 36 per 
cent. The web mode was not very popular to use, maybe because the external fieldwork 
institute did not motivate enough to use this mode. The web was more popular in ‘rich 

Type of area Number 
of grids 

Population of 
25-74 years  

Stratum of ’poor’ grids 1058 232416 

Stratum of ’rich’ grids 1187 70382 

Municipality strata without 
confidentiality exclusion 

5020 390142 

Excluded due to confidentiality from 
the grid-based sample but not from 
the municipality sampling.  

1616 6785 

All        8881        699725 



grids’ (17.3 % replied by web), and least popular in ‘intermediate’ grids (15.5 %). In 
Section 3 we present more results from the fieldwork outcome, and concentrate on the 
non-response analysis. We were able to provide useful auxiliary data from registers for 
this purpose. As a consequence from the non-response analysis, we created the adjusted 
weights that are used in subject-matter analysis. This procedure is also presented in 
Section 3.  
 
In Section 4, we present some results from survey but this is not any final analysis: It is 
just to show what we can get from the grid-based innovative data. The survey was the 
first attempt of this type in Finland as far as we know. We believe that something similar 
will be done in future but naturally it is good to learn about the experience of this survey. 
Maybe our solutions for the survey design are not optimal.    
 
2. Sampling design and design weights 
 
The target population of the survey consists of the 25-74 years old people living in 
Finland whose mother tongue is either Finnish or Swedish that are official languages in 
the country. The people with other languages are not included since the key researchers 
thought that the topic of the survey is not obviously interesting for them. The questions of 
the survey are concerned, for example, such attitudes and opinions that are easier to 
answer if the respondent has been living in his/her local area a longer time. It is good to 
note that that it is possible that Finnish or Swedish speaking residents without interest in 
their living area are not either motivated to participate in the survey.  
 
The survey covers the 16 southern Finland municipalities as presented in Table 2. The 
grid survey was not conducted in the two municipalities (Lahti and Lohja), but the grid 
data are later incorporated in these municipalities as well. So we know whether a gross 
sample person is living in a ‘rich grid’ or in a ‘poor grid’ in all municipalities. The 
remaining people are, respectively, living in ‘intermediate’ grids.    
 
The sampling design is based on explicit stratification and within each stratum a random 
selection is used as well as it is possible. This is easy for the first sample in which two 
grid-based strata are used, but the second sample is more complex, since the sample units 
of the first sample should be excluded from the second sample. We explain this 
conditional problem in details but first we present how the first sample has been 
designed.  
 
We have in Section 1 presented the procedure for determining the two strata from all 
grids. The grid data base on taxable income is from 2010 but the sample and the survey 
fieldwork was conducted in 2012.  
 
Figure 1 gives an illustration about the distribution of grids with ‘poor’ and with ‘rich’ 
people, respectively. There are found some concentrations in both types of grids. There 
are also municipality lines in the figure 
 



The first sample is thus drawn randomly from the two strata. The selected people can be 
from all municipalities although some municipalities seem to be quite empty of both grid 
strata. Another criterion to draw a person is that one person only can be selected from any 
dwelling unit that are in most cases equal to households but sometimes their size is much 
larger.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure1.  Grids for ‘rich’ people (RED) vs. ‘poor’ people (BLUE) in the municipalities of 
the survey. The remaining grids are between those two ones or empty of people 
 
 
The second sample, respectively, has been drawn from each municipality stratum (Table 
2), also at random but so that a dwelling unit already selected for the first sample is no 
more in the second sampling frame. This condition is not easy completely to take into 
account since the selection practice was not well documented. Hence we have to calculate 
the inclusion probabilities for the whole sample with certain assumptions. One is that we 
explicitly know the population of the target population by municipality strata (for all 
699725, Table 2). We also know the population of both grid strata (Table 1). A problem is 
initially that we did not know population by municipality for ‘poor’ and ‘rich’ grids. 
Later, we succeeded to download this information from another register, fortunately. This 
information was now to create post-strata to the first sample in order to distinguish these 
grid sample units from the second sample (municipality) units.         
 
Using formulas our strategy for post-stratification is as follows. This is for ‘rich’ grids. It 
is analogous to ‘poor’ grids. Let k  = the inclusion probability of the target person k. 

Median income < 32092
Median income > 73206



Moreover, h refers to the municipality stratum that is as such used for the two 
municipalities, that is, for Lahti and Lohja. The inclusion probability for these 
municipalities is simply as follows: 
 
 
(1) 
 
 
But for the remaining municipalities, it is more complex, since there are in fact three 
explicit strata, that is, grids of ‘rich people,’ grids of ‘poor people’ and the area of all 
types of people independently of whether their grids are ‘rich’, ‘poor’ or ‘intermediate.’  
 
This overlapping leads to the three inclusion probabilities, one for each sample selection 
group. Since the grid-based sampling was first drawn, and it was simple random 
sampling within the two strata, we without problems can calculate the inclusion 
probabilities to these two strata, similarly to the equation (1). But this is not satisfactory, 
since we need the respective inclusion probabilities by the municipality strata. Our 
strategy for this is thus to use post-stratificaton. So, we create three types of post-strata. 
  
The subscripts ‘rich, h’ and ‘poor, h’  refer to the grid-based post-strata within the 
municipality stratum h, and consequently, the subscript ‘all, h’ refers to the post-stratum 
that may include all types people. Next, we need the gross-sample sizes that are 
calculated so that the grid-sample and the municipality sample were merged together by 
postal zip codes. These figures are given in Table 2.  
 
Moreover, we also need the correct target population size for each post-stratum. As said 
above, we were able to calculate these figures from the separate population register data. 
Let these figures symbolized by hrichN , and hpoorN , . It follows that   
 
(2)                         )( ,,, hrichhpoorhhall NNNN  
 
 
Now we can easily calculate the inclusion probabilities for each post-stratum. The 
formula (3) is for the rich people grids in each municipality h. Similarly, to other post-
strata.   
 
 
(3) 
 
 
 
Now we can calculate the sampling weights as the inverse of the inclusion probabilities.  
 
 
 

hrich

hrich
k N

n

,

,

h

h
k N

n



Table 2. Distribution of the gross sample to strata. The group ‘Others’ in the above 
scheme is equal to municipality gross sample size. For the symbols, see the text. 
 

 

Poor grids 
‘poor, h’   

Rich grids 
‘rich, h’   

Munici-
pality 
‘all, h’   Total 

25-74 year 
Population  

Helsinki, most urbanised 
southern area 110 46 1000 1156 27465 
Helsinki, most urbanised 
northern area 1142 8 1000 2150 40206 
Helsinki, suburb 2501 1324 2500 6325 147098 

Espoo and Kauniainen 546 3127 2000 5673 131840 

Hyvinkää 248 64 600 912 24944 

Järvenpää 115 38 600 753 21717 

Kerava 124 48 600 772 18874 

Kirkkonummi 89 173 600 862 20065 

Lahti 0 0 1000 1000 57059 

Lohja 0 0 600 600 22613 

Mäntsälä and Pornainen 49 22 600 671 13850 

Nurmijärvi 85 120 600 805 21924 

Sipoo 48 134 600 782 10269 

Tuusula 118 201 600 919 20948 

Vantaa 746 574 1500 2820 104930 

Vihti 81 121 600 802 15923 

All 6000 6000 15000 27000 699725 
 
 
 
3. Weights for the respondents 
 
Our mixed-mode survey was inexpensive but without personal contacts it is difficult to 
get any high response rates. This was quite anticipated in advance and hence our gross 
sample sizes were rather high.  
 
The sampling weights need to create for the respondents. This was first done assuming 
that the response mechanism is ignorable within each stratum or post-stratum. It follows 
that we get the sampling weights by replacing gross samples sizes, n, with the respective 
number of the respondents, r. These weights for the respondents are called ‘initial 



weights’ and symbolised by wk. We do not present these formulas here but some figures 
about the weights in Table 3. 
 
 Table 3. Some statistics of the gross/net sample design weights  
 

Statistics 
Grid 
part Grid part 

Munici- 
pality 
part 

Munici- 
pality 
part 

Gross Net Gross Net 
Observations   12000 4387 15000 5231 
Population  302357 302357 397368 397368 
Mean       25.8 70.6       27.1    77.8 
Minimum       8.3   18.2       13.1   39.0 
Maximum      45.6  164.2       57.1  167.8 
CV (%)      54.6  61.4       36.4    39.9 

 
We find that the weights vary more in the grid part due to a fairly detailed post-
stratification. Naturally, the weights are increasing for the respondents due to a high non-
response rate. 
 
We can analyse many things with a cross sample since we have much information 
collected from the registers for it. However, our survey analysis can only be done for the 
respondents. This leads to analyse the non-response and consequently, to create the 
adjusted weights. Our strategy for the weight adjustments is following (Laaksonen 2007, 
and its developments in this paper):    
(i) We take those initial weights wk and divide these by the estimated response 

probabilities (called also response propensities) of each respondent obtained from 
the probit model, and symbolised by pk.  

(ii) Before going forward, it is good to check that the probabilities pk are realistic, that 
is, they are not too small, for instance. Naturally, all probabilities are below one.  

(iii) Since the sum of the weights (i) does not match to the known population statistics 
by strata h or by post-strata ‘rich, h’ , ‘poor, h’ or ‘all, h’, they should be 
calibrated so that the sums are equal to the sums of the initial weights in each 

stratum. This is made by multiplying the weights (i) by the ratio 
kh k

h k
h pw

w
q

/
  

in which h may refer to post-strata as well.     
(iv) It is good also to check these weights against basic statistics, for example as 

presented in Table 3. If the weights are not plausible, the model should be revised. 
 
Step (i) also includes the non-response analysis. Here we applied the probit regression 
that does not differ much from the results obtained by the most common logit regression. 
We were able until this presentation to collect following auxiliary variables: 
 



Gender, age, type of grid (this was also available for the municipality part), number of 
children, mother tongue, strata and other areal information, how long time lived in the 
current home. We are working to add variables including taxable income and 
employment status. Now we only present some results from the multivariate analysis for 
the mentioned variables.  
 
Table 4. Outcomes from the response propensity modeling by probit regression.  
 

Auxiliary variable Category 
Probit 
estimate 

Standard 
error p-value 

Type of grid Intermediate -0.064 0.006 <.0001 
  Poor -0.148 0.006 <.0001 
  Rich 0.000 0 . 
Gender Male -0.292 0.003 <.0001 
  Female 0,000 0 . 
Age group 25-34 -0.618 0.006 <.0001 
  35-44 -0.575 0.006 <.0001 
  45-54 -0.439 0.006 <.0001 
  55-64 -0.161 0.005 <.0001 
  65-74 0,000 0 . 
Mother tongue Finnish -0.009 0.007 0.208 
  Swedish 0,000 0 . 
Number of people 1 0.179 0.013 <.0001 
  2 0.359 0.013 <.0001 
  3 0.272 0.013 <.0001 
  4 0.289 0.013 <.0001 
  5 0.216 0.014 <.0001 
  6+ 0,000 0 . 
Removed to the  Before 1995 0.013 0.004 0.0008 
current house Between 1995-2006 -0.049 0.005 <.0001 
  After 2006 0,000 0 . 
Current and previous 
living area 

Removed to the 
southern Finland 

0.019 0.007 0.0113 

  Removed within the 
southern Finland 

0.032 0.004 <.0001 

  Removed within the 
same zip code area 

0,000 0 . 

 
 
Table 4 presents some key results from this analysis but the areal results are not included 
since they are not interested for outsiders. However, one result is good to mention. The 
sampled persons within the Capital town, Helsinki, replied better than them in other 
municipalities. This is not usual in our surveys. We interpret this so that the survey is 
more interesting for people living in highly populated areas.  



 
Moreover, we see that people living in ‘rich’ grids were more willing to participate in this 
survey. We had no expectations about this, but it is common that females are here as in 
most surveys more willing to participate. The age results are not surprising, since this 
survey does not seem to be very interesting for younger age groups.  
 
There is no significant difference by mother tongue. The dwelling size is significant. As 
often, singles are not so interesting to participate but the persons in big dwellings even 
less. The reason is that such big dwellings are in most cases student houses, elderly 
houses and other non-households. It is not easy to interpret the results of the latest two 
variables. It is surprising that people remaining in the same postal area are not very 
willing to participate.   
 
We cannot compare straightforwardly the response activity by our two modes, but our 
model gives opportunity to calculate the distribution of response propensities by both 
respondents. A result is presented as a graph of Figure 2. It shows that there are more low 
propensities for web respondents than for paper respondents, respectively. This is due to 
the model with many auxiliary variables. We interpret that so that the web option 
motivates such persons to participate. Without a web option the response rate would be 
even lower.      
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Figure 2. Example of the cumulative response propensities for the respondents via ‘web’ 
(Red, upper line) and via ‘paper’ (Blue), respectively. 
 
 
The highest and the lowest propensities are also seen from Figure 2. The variation is not 
very big, and not problematic when adjusting for the sampling weights. Naturally, their 
variation increases. The coefficient of variation is now 61.2 per cent that is about equal to 
that of the initial weights for the grid-based respondents (cf. Table 3). Naturally, the 
adjustment does not change the mean and the sum of the weights.  
 
The use of the adjusted weights leads to less biased estimates than the initial weights do. 
This paper does not concentrate on these questions in details.   



 
4. Conclusion and an example of the survey results  
 
This paper is one of the first outcomes of the project in which the survey content is not 
very special. Similar questions are used earlier but these have not been always successful, 
since the areal information has been administrative only. Administrative areas do not 
distinguish well people’s neighbourhoods that can have a significant influence on their 
living conditions, attitudes and opinions. It was recognised that smaller areas than 
municipalities are required in order to make a deeper analysis.  
 
The initiators of this study (Mari Vaattovaara and Matti Kortteinen) found it possible to 
use small grid squares, not only in analysis but they decided to design the survey from 
this perspective as well. This led to the sampling where grids were exploited. In this case, 
this was made so that two special types of grids were determined, the grids where ‘rich 
people’ are living, and where ‘poor people,’ respectively. On the other hand, the second 
sample was designed ordinarily. This two-partition did not make sampling easy but we 
managed to create the sampling weights that give opportunity to analyse everything using 
one data file.  
 
The survey mode of the study was mixed so that everyone could reply either via web or 
via paper. A majority chose the paper questionnaire although more web responders were 
expected. Nevertheless, the overall response rate is low, 36 per cent. The selectiveness of 
respondents is rather clear but less alarming than expected according to a good number of 
auxiliary variables used in the response analysis. Our probit regression was used to adjust 
for the initial weights that make the results less biased.  
 
We do not here focus on subject-matter issues, but in the end we present a few results in 
Table 4. They show quite big differences between rich, poor and intermediate small areas 
measured with 250 metres times 259 metres grids. People in rich grids seem to be more 
satisfied in their living area. This could have not been found with administrative regions.    
 
Table 4. Results on people’s opinion on their living area by the type of grid; means and 
standard errors in parenthesis. Indicators are scaled so that 0 = lowest, 100= highest.   

        
      Intermediate grids  

                           
Poor grids 

                                        
Rich grids 

General assessment 74.7 (0.46) 62.4 (0.53) 83.2 (0.44) 
Quality of environment 74.7 (0.30) 65.7 (0.35) 79.7 (0.31) 
Quality of housing conditions 73.0 (0.32) 65.7 (0.35) 77.5 (0.33) 
Assessment of living area 75.1 (0.34) 68.0 (0.37) 80.3 (0.30) 
Amount of problems 43.8 (0.59) 66.2 (0.57) 34.9 (0.54) 
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Abstract 

Visual statistical storytelling is exemplified in this paper through telling stories about public 

statistics development over time that could shape, for example, economic growth and well-

being. Discoveries are made that leave lasting impressions by stimulating the readers’ 

curiosity making them want to learn more and convey a deeper meaning. In addition, the user 

can interactively participate in this web-based process which is important to the education and 

dissemination of public statistics. The storytelling mechanism assists the author to improve a 

reader’s visual knowledge through reflections. Integrated snapshots can be captured at any 

time during the explorative data analysis process and thus become an important component of 

a storytelling reasoning process. With the associated science of perception and in relation to 

the use of multivariate spatio-temporal statistical data, this paper contributes to the growing 

interest in visual storytelling applied to HTML5 engaging the public with new experiences 

also for mobile devices. 

Keywords: HTML5 visualization, storytelling, publishing 

1. Introduction 

Storytelling is one of the most impactful ways to teach, learn, and persuade. How can we, as 

interactive data visualization experts or practitioners, elicit an engagement and wonder in our 

stories ensuring that they are exclusive purveyor of good stories well told? Numbers may look 

deceptively boring if you see them in black and white rows and columns. But if you see 

statistical numbers represented in colourful, visual views and can interact with the 

visualizations to find meaning – and, even better, if a good story about the numbers is 

included, these numbers can become most interesting and engaging.  

Interactive data visualization supplements storytelling with three important tasks: 

comprehensibility, credibility and involvement. Building a story incrementally, enhancing it 

with snapshots and descriptive metadata, letting the user interrupt and control the story could 

reduce the risk of a visual presentation that’s poorly understood and thus improve 

comprehensibility. The visualization’s credibility is improved by letting the user interact at 

any time and verify that the story represents what it claims. Allowing users to interact with 

visualizations will transform them from passive viewers to active participants and increase 

involvement. Consequently, by adopting these three tasks, a user could feel a greater and 

more personal sense of engagement with the statistical data being presented. 

 

In this context, we introduce innovative geovisual analytics (as described by Thomas and 

Cook) software for interactive visualization with integrated storytelling applied to large 

spatio-temporal statistical data by means of dynamic visual user interfaces and its increasing 

role in worldwide collaboration, communication and education. This paper also contributes to 

the growing interest in tablets and smartphones driving the interest for more visual statistical 

analysis and related informative knowledge using the emerging HTML5 standard engaging 

the public with new perceptual and cognitive experiences applied to these mobile devices. 

mailto:mikael.jern@ncomva.com


 
Figure 1. Dashboard HTML5 visualization with associated storytelling based on statistical 

data from the World Databank. A compelling story about the world ageing population 

problem during 1960-2010; map (age 65+) with background and overlaid pie charts (0-14 vs. 

65+), scatter plot (age 65+ vs. age 0-14) and time graph (age 65+); comparing 5 countries 

Nigeria, Italy, Japan, China and Sweden; The story acknowledges the 4Ws concept “What-

When-Where-Why” and includes 8 linked snapshots. 
http://ncomva.se/html5/demos/dashboard/#story=../../data/Ageing Population in the World.xml  

 

A story is composed of texts and visual representations together with snapshots, metadata, 

hyperlinks and references providing answers to the classical 4Ws questions (figure 1): “What” 

is the data? The data are shown for a given time step - “When”? Moreover time series can be 

viewed interactively and simultaneously in the in the linked graphs; “Where” is mostly 

considered in regional comparisons (figure 2). “Why” is the most important aspect of the 

story and explained in the metadata text section together with snapshots and hyperlinks that 

enable users to further analyse aspects related to topics and are helpful tools for both 

specialised and non specialised users. 

 

Statistics referring to ageing population, fertility and gross national product, health and 

education levels tend to be measured and debated in national terms (figure 1). However, 

economic performance and social indicators can vary within countries as much as between 

countries. In recent years regional (sub-national) differences in economic output, labour 

productivity, job creation, labour force participation and education within countries have been 

at least twice as great as those among countries. As described by Jern et al 2009, 2010, and 

2011, understanding the variety in regional economic structures and performance is essential 

knowledge for initiating developments which could improve regional competitiveness and in 

turn increase national growth. Interactive European region-by region visual comparisons in 

the form of motion graphs could lead to better identification of areas that are outperforming or 

lagging behind. Patterns of growth and the persistence of inequalities are analyzed over time, 

highlighting the factors responsible for them. This significant knowledge about these 

statistical facts can now be brought together in engaging stories and published to analysts and 

citizens. The HTML5 dashboard application (figure 2) is optimized to sustain interactive 

performance for a larger number of sub-national European regions (NUTS2 and NUTS3) with 

associated indicators and many time steps.  

http://ncomva.se/html5/demos/dashboard/#story=../../data/Ageing Population in the World.xml


 

 
Figure 2. HTML5 dashboard visualization with three linked and coordinated views showing 

the problem related to ageing population in several regions of Europe. Highlighted Liguria 

and Toscana in Italy and Chemnitz Germany are examples of regions with a dramatic increase 

in age group 65+ while the younger generation 0-14 at the same time diminish.  

http://www.ncomva.se/html5/eurog/index.html?layout=[map,(scatterplot,distributionchart)]  

 

Clearly, the need exists to consider how storytelling facilitates a leap in understanding by the 

public enabling them to appreciate how statistical indicators may influence our society. The 

use of visualization tools helps to communicate statistics to non-expert users; however any 

specific language used in the context of communication and interpretation of reality implies at 

the same time both opportunities and risks. Many tools offer the capability to make order in 

our experiences, combining and reading data through its basic elements (words and text for 

the natural language, images and graphs for the visual one) but they usually prevent users 

from considering other specific issues. For instance, it is impossible to extract synthetic 

snapshot from texts in natural languages and, on the contrary, to highlight single events in, for 

example, a thematic map at a glance. 

 

The paper introduces innovative geovisual analytics tools for HTML5 that also support the 

collaboration and publication process facilitating storytelling aimed at producing statistical 

news content in support of a semi-automatic authoring process (figure 3). Storytelling, in our 

context, is about telling a story on the statistics data and the related analytics reasoning 

processes on how knowledge was obtained. Storytelling within an interactive web context 

could more engagingly draw the user into reflections and sometimes change a perspective 

altogether. The story is placed in the hands of those who need it, e.g. policy and decision 

makers, teachers and also informed citizens. This dynamic visual storytelling is a way of 

telling stories through interactive web-enabled visualization with integrated snapshots 

highlighting important discoveries. Stories enable a leap in understanding by the user in order 

to grasp how statistical indicators may influence society. The conceptual approach and 

framework of the geovisual analytics storytelling implementation is based around three 

complementary characteristics: explore and gain insight, tell-a-story and publishing: 

 

http://www.ncomva.se/html5/eurog/index.html?layout=%5bmap,(scatterplot,distributionchart)%5d
http://ncva.itn.liu.se/explorer


 Authoring: data provider, explore and gain insight, motion visual representations.  

 Tell-a-story: snapshot mechanism that captures interactive scenarios, metadata with 

hyperlinks, story and chapters, edit, capture, save, and export story.  

 Publisher (Vislet): import stories and create HTML5 code for embeddable interactive 

motion visual representations for publishing on a web site or blog using Flash or HTML5. 

 
Figure 3. Reiterate analytical storytelling loop - Statisticians with diverse backgrounds and expertise 
participate in creative discovery processes that transform statistical data into knowledge. Storytelling 

tools integrate this geovisual analytics process using collaboration. This knowledge exchange process 

develops a shared understanding with other statisticians and, after consensus has been reached, it can 
be placed in the public domain. The snapshot mechanism helps the author of a story to highlight data 

views of particular interest, and subsequently guide others to important visual discoveries. 

2. GAV HTML5 Toolkit and Framework 

The GAV Flash (geoanalytics visualization) toolkit as described by Jern, Thygesen and Brezzi 

2009 and Quan, Jern 2012, programmed in Adobe’s ActionScript, was introduced in 2008 and 

represents the basis for many of today’s statistics visualization applications such as “OECD 

Regional eXplorer”. The statistical community required visualization tools that were 

accessible to almost 100% of the web users. A solution that was available through Adobe 

Flash. With the emerging HTML5 standard focus has now transferred to include support for 

tablets and smartphones and especially Apple devices (Apple refuses to support native Flash). 

HTML5 canvas and JavaScript can reach a broader user community including mobile users as 

well as facilitate the integrating into other web-based systems and are today promoted as the 

future web platform by most vendors. 

Our development in 2012 of a new GAV framework based on HTML5 and JavaScript faced 

new challenges mostly coming from the nature of this programming language. Although 

JavaScript is a powerful language, it does not facilitate development of large scale 

visualization systems. The problem is that JavaScript is a prototype-base programming 

language which is different from conventional object-oriented programming languages such 

as C++ or Java. It does not have the concepts of class and class inheritance required for the 

large scale systems. To overcome this problem, we have developed a core library to simulate 

these concepts (class and class inheritance) that facilitates the process of developing 

visualization components and extending the framework. As a result, GAV HTML5 is based 

on the principle of modularity allowing application developers to select methods from a wide 

range of geo- and information visualization techniques (figure 4), data providers and data 

transforms and combine them in any way they want to assemble dashboard applications.  



Interactive features include data-of-interest methods that visually separate important 

discoveries or outliers from the rest of the data are integrated. Focus&Context” visualization 

with fish eye lens is applied in bar charts and dynamic queries extending the analysis 

capabilities to scenarios with larger data sets. Other interactive features are tooltips, brushing, 

highlight, visual inquiry, conditioned filter mechanisms and methods supporting time-linked 

multiple views. The framework also supports data analysis algorithms, connects the 

components to each other, and supports data providers that can load data from various sources 

including SDMX, Json, PC-AXIS and Excel. 
 

 

Figure 4. GAV HTML5/JavaScript Framework with a large selection of interactive 

visualization views– Evaluate the visualization methods in this dashboard application:  

http://ncomva.se/html5/demos/dashboard/ 

The following are the main features of the GAV HTML5 framework 

• Cross-platform and cross-device 

• Shortening time for development of web-based visualization applications 

• Supporting multiple linked and coordinated views 

• Highly interactive visualizations for large spatio-temporal and multivariate data 

• Supporting focus+context technique in various visualizations 

• Supporting dynamic layouts 

• Supporting both quantitative and categorical data 

• Supporting data aggregation 

• Supporting storytelling and publishing 

• Optimized for resource loading 

• Facilitating integration of the framework into other systems 

 

3. Storytelling with integrated snapshot mechanism 
Storytelling in GAV HTML5 is achieved through the Snapshot Manager that supports the 

storage of interactive events in an analytical reasoning process through “memorized 

interactive visualization views” or “snapshots” that can be captured at any time during an 

explorative data analysis process. Traditional passive storytelling prohibits interaction on the 

http://ncomva.se/html5/demos/dashboard/


reader’s part. GAV is based on interactive approval that allows passive storytelling to pause at 

any points and lets readers take control, for example, change the visualization’s view, 

representation, and even content. Once they are satisfied with this interactive exploration, 

storytelling continues with another snapshot. Readers can always detach from the story and 

engage in interactive visualization with total freedom. 

When exploring and making sense of comprehensive statistical data there needs to be a way 

for the author of storing discoveries in a coherent and cognitive workspace, which can be 

organized, navigated and maintained within the application so that discoveries may later be 

loaded. The snapshot service includes such means by giving the analyst the option of 

capturing, saving and packaging the results of an exploration “gain insight” process. The 

insights are captured in a series of “snapshots” that could help the analysts to highlight views 

of particular interest and subsequently guide readers to follow important discoveries. 

Snapshots are created as a series of visualization captures during the exploration process and 

form the foundation for a story. The analyst is immersed in the data domain and assembles 

pieces of the story while gaining more and more knowledge about the data locating interesting 

views and specifies snapshots as key frames until the exploration is complete and the resulting 

story is satisfactory. 

 
Figure 5. A scenario where the analyst selects relevant attributes for a snapshot, e.g., time 

step, highlighted regions for comparisons, class values for colour legend, filters inquiry 

conditions for a reduced dataset and finally highlights the “discoveries” in the map view from 

a certain angle. When the analyst presses the capture button, all the components within the 

application store their properties, thus creating a state, which can later on be recreated. 

 
Figure 6.  Example of a snapshot linked to the the story text. The snapshots are inserted in the 

story by the author - creating highlighted hyperlinks in the text. When the reader follows the 

story and clicks a link, the state of that visualization view when captured is recreated so the 

reader sees the same view as the author. The reader may then also make changes to the 

application such as changing filter values or highlighting other areas of interest. If allowed by 

the author, new discoveries may be captures and inserted into the story. 



Incrementally building a story, enhancing it with snapshots and annotations, and letting the 

readers interrupt and control reduces the risk of presenting an overloaded visualization that’s 

poorly understood and thus improve comprehensibility. The author creates a single or discrete 

series of captures during the explorative process by selecting relevant indicators, regions-of-

interest, colour schema, filter conditions focusing on the data-of-interest, or a time step for 

temporal statistics. Associated explanatory text provides a richer functionality than simple 

metatext by allowing the reader to click on key words and learn about topics in the story 

(figure 6). Hyperlinks that instantiate a state in the dashboard application are a central feature 

of the storytelling mechanism, with associated descriptive text that can guide the reader. 

4. The Publishing Process 

 
Figure 7. Storytelling facilitates three complementary characteristics: exploring, tell-a-story 

and publishing (Vislet) and finally embedding the HTML code into a web page or blog. 

 

The story is created and understanding is shared with other analysts (figure 3) and can now be 

placed in the public domain. Statistics Publisher is a server-based tool that imports a story and 

generates the HTML code that represents the Vislet and associate storytelling or metadata.  A 

Vislet is an HTML5 dashboard assembled from GAV HTML5 components and may, for 

example, be represented by a composite linked map, scatter plot and fisheye bar chart (figure 

6). A Vislet facilitates the translation of selected detailed statistics data into heterogeneous 

and communicative sense-making news.  It also integrates snapshots, metadata and dynamic 

embedded animated visualizations that can engage the user.  

A story is loaded and the user first selects an appropriate visual representation for the Vislet 

e.g. map, scatter plot, parallel axes, table lens, time graph etc. Then the size of the Vislet 

window with metadata is set together with other available options and Publisher generates the 

HTML code. This code is manually copied and embedded into a web page. The Vislet can 

then be opened in the user’s Web browser and dynamically communicate the story (figure 6). 

A Publisher server maintains the Vislet files with a story repository, statistical data and, if 

required, regional shape maps. The Vislets run locally in the client’s HTML5 web browsers 

and can therefore achieve dynamic interactive performance. Interactive features in a Vislet are 

available to all linked visualizations including tooltips, brushing, highlight, and filters that can 

discover outliers and dynamic multiple-linked views. 

5. Interactive Documents 

The HTML code representing a story with embedded data can also be included in an 

interactive web report. The differences between countries are often not as great as the 

disparities within them as described by Jern, Thygesen and Brezzi 2009.  The interactive 

report OECD Regions at a Glance makes these differences across local regions apparent and 

unpacks what they imply for national performance and individual welfare. It does so by 

http://ncva.itn.liu.se/explorer/vislets


providing region-by-region indicators that help to identify areas that are outperforming or 

lagging behind in their country, as well as the OECD area. OECD in collaboration with 

NComVA have developed this interactive Web report (figure 8) presenting statistical 

indicators ranging from economic, social, demographic and environmental fields for more 

than 2000 local OECD regions from all over the world. The result represents an innovative 

solution from the statistical point of view, and offers a dynamic and interactive method for the 

visualization of spatio-temporal regional data, and the ability to link metatext to such a model.  

 
Figure 8: Interactive Web report “OECD Regions-at-a-Glance” presenting statistical 

indicators ranging from economic, social, demographic and environmental fields for more 

than 2000 local OECD regions (http://www.oecd.org/regional/regionsataglance ) 

 

The interactive report is based on interactive “vislets” embedded into the report instead of 

static images. This makes the diagrams interactive so that the user can change the indicators, 

and also view how the data changes over time using the animation facilities available. 

The analysts at OECD created the snapshots with associate metadata for the Regions-at-a-

Glance data dividing the report into different chapters and sections within the chapters. From 

these snapshots the appropriate visual representations were chosen and Vislets were created. 

Some of the Vislets only have one visualization component per chapter (figure 8) while others 

have multiple components and chapters with links embedded into the hypertext. These Vislets 

are then stored with the text for the chapter in an XML file that has been divided into sections. 

The interactive document platform is based on php and xsl transformations.  When the 

webpage is accessed the platform loads all the XML files available and creates the interactive 

document with an index page as the start page. For each chapter the user visits they see the 

text regarding that chapter, the Vislet connected to the text, and also the hyperlinks in the text 

http://www.oecd.org/regional/regionsataglance


linking to other snapshots. JavaScript is also used to link to the previous and next 

chapter/section so that the user can navigate through the interactive report in the same way as 

a person turns the pages of a book. 

For the interactive report, some extra features were added for each chapter. The user can 

download the data that is used in the visualization by clicking on the download data button 

and accessing the data in Excel format. The text from the printed hardcopy report is also 

available for each chapter so that the user can download and read the chapter as a pdf. To 

make it easier to share the Vislet a button has been added that displays the HTML code for the 

Vislet. The user may select a Vislet that is interesting and copy it to a webpage or blog and 

share it. 
 

The main benefit of making the report interactive is that it enables the user to visualize the 

data that is of interest to them, and also to show the variation over time using animation 

(figure 9). The analysts at OECD have chosen snapshots that are of interest, but the user can 

interact with the visualization and change the indicators and select what they find interesting, 

and thus enhance the user experience. 

 

 

 

 

Figure 9. Example of an 

interesting change in this 

distribution plot visualization 

over time. 

 

 
 

 

 

 

 

 

 

 
 



6. Conclusions and future development 

This paper tries to consider how the integration between visualization and storytelling can 

make statistical findings more comprehensible and accessible to the general public. 

Traditional practices for geovisual analytics methods applied to official statistics have 

required tools for greater user participation and an improved user experience. The approach 

set out in this paper allows the analyst (author) to communicate with interested readers 

through visual discoveries captured in snapshots with descriptive text. Selected indicators and 

visual representations can be published with their metadata, thus facilitating the 

comprehension of statistical information by non expert readers. At the same time, the Vislet 

technique applied to statistical visualization can help in developing immediate on-line 

publications, which draw attention to recent trends in statistical data. This advanced 

storytelling technology could also become very useful for educational purposes. 

An engaging and compelling story should contribute to the following features: 

 Match the pace of the audience’s ability to follow them; 

 Hold the audience’s attention with interesting visualization views and snapshots; 

 Leave a lasting impression by stimulating a user’s curiosity and making him/her want 

to learn more and express a deeper meaning; 

 Contribute to collaboration by communicating engaging interactive visual content; 

The integrated statistics exploration, collaboration and publication process addresses editorial 

storytelling aimed at producing statistical news content supported by a semi-automatic 

authoring process. HTML5 code representing insight and knowledge is embedded into a web 

page or blog and communicates statistical data using interactive visualization.  

Storytelling technology is introduced with the goal of advancing research on statistical 

collaboration and web publishing.  It also delivers these facilities in a web-enabled toolkit. At 

the same time, it encourages the use of more advanced, collaborative geovisual analytics 

technologies because of its accessibility. It can import any regional statistical data from 

national statistics to statistics from a neighbourhood. It can also enable the users to take a 

more active role in the discovery process.  For example, users can identify those areas that 

outperform other regions of their country. The tool increases the interest in, and knowledge 

of, regional structures and development patterns among specialist as well as non-specialist 

users. 

Storytelling using interactive visualization isn’t easy. We have highlighted some successful 

implementations made by large international organisations and produced with our storytelling 

tools. Much work remains, however, in establishing guidelines and principles for storytelling. 
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Abstract 

Measurement error in the reportage of individuals’ gross labor income by means of a banded 
question is analyzed. Regression to the mean occurs in the income reported in the survey as 
against that obtained from the administrative file. Positive measurement errors are more 
common among low-income respondents and negative measurement errors are more common 
among those of high income. Consequently, Gini index based on income reported in the 
survey is by 10% lower than that measured on the basis of the same individuals’ income in the 
administrative file. Pooling the population in one model may introduce a bias in estimates. 
 
 
Keywords: Social Survey, Administrative Data, Income Analysis 
 
 

1. Introduction 
 
Income is a crucial variable in profiling the socioeconomic status of an individual, a 
household, or a geographical region in statistical publications and in the copious research that 
has been done in the social sciences at large. Therefore, one cannot overstate the gravity of 
the implications of measurement errors in income variables that may introduce significant 
biases in empirical research findings and the policies flowing from them (Davern et al., 2005; 
Bound et al., 2001; Duncan and Hill, 1985). 
One may obtain income data at the individual level from two sources: surveys and data from 
administrative sources such as tax authorities or social security authorities. Survey data are 
prone to errors of sampling, measurement, and non-response, and are costly to gather. 
Individual-level administrative data are susceptible to biased reportage due to the natural 
relationship between reporting income and paying taxes or receiving benefits. While such 
sources do provide “census”-type coverage of a specific type of income, they seldom provide 
information about income that is not taxable. Income data from both types of sources, 
administrative and survey, also differ in definitions, periods of reference, and populations 
covered (Yitzhaki, 2007). 
Unlike the other surveys performed by the Israel Central Bureau of Statistics (ICBS), which 
gather detailed information about individual and household income by types of income in 
order to analyze the income per se, persons enumerated in the Social Survey are asked to 
report labor income only, placing it in one of ten predetermined income bands of their choice. 
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Use of a banded question also makes it easier to respond and raises the rate of response to this 
item (Collins and White, 1996) in view of the known sensitivity of questions relating to 
income (Tourangeau and Smith, 1994; Groves, 1989).  
In their edifying review, Moore et al. (2000) present the abundant findings of twenty years of 
methodological and empirical research into the reliability, biases, and reporting errors about 
income of various kinds (wage labor, social benefits, property). When income estimates from 
important American surveys (SIPP and CPS) are compared with administrative sources, it is 
found that "wage/salary income source reports may suffer a very modest level of net under-
reporting bias" (p. 356).  
Another important issue is the distribution of the errors. If, for example, errors in income 
reportage in a survey correlate negatively with “true” income (Bound and Krueger, 1991; 
Romanov and Furman, 2006) so that errors among the wealthy in one direction are offset by 
errors among the poor in the opposite direction, the average error may be negligible but the 
estimates of inequality, polarization, and indicators of poverty would be biased. The research 
literature, however, associates measurement errors at the low end of the income distribution 
with under-reportage of benefits and support (Hansen and Kneale, 2011; Meyer and Sullivan, 
2003) and finds rampant under-reporting of capital and property income at the upper end 
(Micklewright and Schnepf, 2007; Moore et al., 2000). Ostensibly, then, measurement errors 
are in the same direction, i.e., under-reporting exists at both extremes. 
As for the factors that should explain the errors in measuring personal labor income - the 
variable at the focus of this study - the literature alludes to occupational mobility, the 
frequency and duration of spells of joblessness, multiple posts/employers and their 
characteristics, the form of remuneration and the period for which is received, and variance in 
hours worked during the reporting period of the survey (Abowd and Stinson, 2011; Akee, 
2011; Mathiowetz et al., 2002; Rodgers et al., 1993). 
The current study has two main goals. First, it aims to compare banded labor income reported 
in a social survey with information from an administrative file, and to estimate disparities 
between the labor income distribution reported in the survey as against that reported in the 
administrative source. The second goal is to analyze factors that may explain the disparities 
between the two sources in individuals’ reported income.  
The rest of the article is organized as follows: Part 2 presents the data and analyzes relations 
among the main investigation variables. Part 3 shows the results of the estimation and Part 4 
concludes. 
 
 
2. Research Data and Variables 
2.1 Database and Definition of Variables 
 
The study is based on data from the 2008 Social Survey, performed each year in ICBS. In 
2008, a systematic random sample of 8,899 individuals who belong to the survey population 
was extracted from the Population Registry; all were residents of Israel aged 20+. Among 
them, 7,327 responded.  
One of the main characteristics of the survey population is its level of labor income. This 
variable was constructed on the basis of a personal question about the respondent’s gross 
income from all sources (hereinafter: “gross income”). The wording of the question for 
employees was: “Last month, what was your gross income, before deductions, from all places 
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where you worked?” Self-employed respondents and those who managed their own 
companies were asked: “Last month, what was your gross income, before deductions, from all 
places where you worked, including wages and income from a business?” The question was 
administered only to individuals who reported working as employees or self-employed in the 
month preceding the survey. To answer the gross income question, the respondent was asked 
by the interviewer to avail him/herself of a card on which ten bands, specified in Table 1, 
were listed. The gross income question was immediately followed by one about net income 
that was added to the survey in 2007 as a tool with which respondents could control the 
distinction between gross income and net income by themselves. 
The Social Survey is performed by means of Blaise, which, in a special application known as 
Audit Trail (AT), allows for the creation of a log file that records every motion the 
interviewer does during the interview. Basing ourselves on the AT file, we calculated three 
variables for each respondent who answered the gross income question: Did the respondent go 
back to the question? (1 if s/he went back to the question and corrected h/her previous 
response and 0 otherwise); time (in seconds) that it took the respondent to answer the gross 
income question and the size of the correction to gross income when the question was 
repeated, calculated as the difference between the first and the last answers. 
In addition, to verify the income reported in the survey against actual income, we used 
information obtained from the income tax authorities. The individual-level records were 
linked with various sources of information on the basis of a unique ID number. Appropriate 
adjustments of the administrative data were done in order to match the Social Survey’s 
question of gross income from all jobs.  
The final number of observations for which the three sources of information (social survey 
data, income tax data, and an AT file) provided data was 3,417: 408 self-employed (12%) and 
3,009 employees (88%). Table 1 shows the gross income values and the distribution of the 
responses obtained in the survey. All analyses in this study were performed on the basis of the 
final calibrated weights. 
 
Table 1: Distribution of Gross Income in the Social Survey 
Band Income (NIS per month) Respondents (N) Pct. respondents in sample 

1 Up to 2,000 381 11.2 
2 2001–3000 249 7.3 
3 3001–4000 336 9.8 
4 4001–5000 448 13.1 
5 5001–6000 378 11.1 
6 6001–7500 378 11.1 
7 7501–10000 453 13.3 
8 10001–14000 340 10.0 
9 14001–21000 233 6.8 

10 21000+ 221 6.5 
Total  3,417 100.0 

 
Table 2 presents indices of the distribution of the specified variables on the basis of data in the 
aforementioned AT file. We see that 22% of the respondents went back to the question at least 
once and that most corrections were made in an upward direction, by about half a band on the 
scale of responses in the survey. 
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Table 2: Response to Gross Income Question—Audit Trail Variables 
 

Variable 
Employees Self-employed 

Mean S.D. Mean S.D. 
Time spent responding to item (seconds) 21.8 17.6 27.7 22.3 
Frequency of going back to correct gross 
income after net income question 

0.23 0.42 0.22 0.42 

Size of correction to response among 
respondents who made such correction 
(number of income bands) 

0.50 1.69 0.49 2.27 

 
By conjecture, they made this correction after realizing, when asked the net income question, 
that when responding to the previous question they had stated a net income value instead of a 
gross income value. By implication, adding a net income item to the questionnaire improves 
the accuracy of reportage about gross income. It was also found that, on average, self-
employed participants took much longer to respond than employees did (27.7 seconds as 
against 21.8, respectively) and that their standard deviation was greater as well (22.3 vs. 
17.8). 
 
2.2 Defining the measurement error variable 
 
Let F represent the distribution of income from the administrative source (as a continuous 
variable) across the population of survey respondents. For each labor-income band specified 
in the survey, an estimator of the expected income from the administrative file that would 
have been reported in the same band had it not been for measurement errors, according to 
distribution F, will be: 
(1)                                                         ∑

∈

−=
kGi

ik
F
k ŷnˆ 1µ  

where iŷ —the predicted value of gross administrative income of individual i from all jobs, 

calculated on the basis of estimated distribution F̂  in income band kG  as defined in the 

survey. kn - the number of individuals in group k. 

To find an estimator for distribution F, we fitted by maximum likelihood several accepted 
parametric distributions to the continuous administrative data of the survey respondents’ gross 
income. Among other parametric distributions being examined, the best fit was obtained for 

skew-t distribution (Azzalini and Capitanio, 2003). Given Fyi
ˆ~ , we may calculate the 

measurement error of individual i (in%) by using Formula (2): 

(2)                                        100*)Gi(I*)
ˆ

yˆ
(e kF

k

i
F
k

i ∉
−

=
µ

µ
 

where I is an indicator that is assigned the value of 1 if the income of individual i, as shown in 
the administrative file does not belong to the band kG  in which the individual reported h/her 
income in the survey; otherwise, it is 0. 
The measurement error calculated by Formula (2) is positive when the income recorded in the 
administrative file is smaller than the expectation of the response in the survey (a case of 
over-reporting in the survey) and negative in the opposite case (under-reporting in the 
survey). 
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Table 3 presents main indicators of the distribution of measurement error by respondent’s 
labor status.  

Table 3: Distribution of Measurement Errors 
Respondent 
group 

Pct. of negative 
errors 

Pct. of no 
error 

Pct. of positive 
errors 

Mean 
error 

S.D. of 
error 

Full sample 42.1 39.6 18.3 19.5-  71.9 
Employees 44.6 40.4 15.0 21.8-  67.3 
Self-employed  24.0 33.8 42.2 2.3-  97.7 
 
It may be seen that, on average, employees are more inclined than the self-employed to 
negative measurement errors (44.6% vs. 24%, respectively). The share of respondents who 
have no measurement error is higher among employees (40.4% vs. 33.8%, respectively) and 
the variance of measurement errors is wider among the self-employed (S.D. 97.7 vs. 67.3). By 
implication, there are meaningful differences between employees and the self-employed in the 
distribution of measurement errors. 
 
 
3. Analysis of Factors for Measurement Error 
3.1 Econometric Model 
 
To identify the contribution of the factors that affect the measurement errors and estimate the 
intensity of their effect, we estimate the following regression (in matrix notation): 

(3)                              εκδγβα +++++= WBATLXe  

where e denotes measurement error, X - set of individual’s background variables, L - set of 
variables representing the individual’s employment and wage terms and variables of h/her 
subjective assessment of job mobility,  AT - set of Audit Trail variables, constructed in the 
manner described above, WB - well-being variables associated with the individual’s economic 
situation: satisfaction with work, with income, and with household’s economic situation; ε -
vector of residuals. The estimation method was the weighted OLS regression model. 
 
3.2 Estimation Results 
 
For each group of respondents that was differentiated by labor status, we estimated Model (3) 
in three ways: in a sample of all observations, including a group of observations that had no 
measurement error; in a sample of observations that had a positive measurement error; and in 
a sample of observations that had a negative measurement error. Notably, the sign of the 
estimates depends on the sign of the error. For example, a positive estimate in the analysis of 
positive measurement errors is indicative of a factor that increases the error, whereas a 
positive estimate in an analysis of negative measurement errors signifies a factor that lowers 
the error (toward zero). Table 4 presents the estimates for the full sample.  
First, the goodness of fit (adjusted R-square) is 0.05 in the model covering all observations 
and 0.05 and 0.49, respectively, in the separate models for negative and positive errors (this is 
partly due to the inclusion of the 40% of observations that had no measurement error as this 
term is defined in Formula (2); in these observations, the explained variable has no variation). 
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Table 4: Estimation Results, Full Sample 
 All observations Positive error Negative error 
Intercept -8.21(16.96) 151.15(10.40)*** -36.46(48.91) 
(Ln of) income from 
administrative file -4.97(0.54)*** -17.06(0.93)*** -23.55(5.26)*** 
Correction of response about 
gross income during 
interview -6.82(3.43)** -1.19(1.70) -19.31(6.88)*** 
Size of response correction 4.36(1.37)*** 0.64(0.58) 7.09(3.61)** 
Response time 0.13(0.07)** 0.03(0.03) 0.15(0.13) 
Male 10.92(2.64)*** 7.35(1.49)*** 10.80(5.50)** 
Age 1.11(0.70) 0.79(0.34)** 7.22(1.56)*** 
Age squared -0.01(0.01)* -0.01(0.003)** -0.08(0.02)*** 
Married -5.12(2.96)* -0.30(1.50) 0.54(5.90) 
Arab -0.91(3.91) -6.40(1.81)*** -3.35(7.53) 
Immigrant from FSU 8.32(3.37)** -1.24(1.85) 14.64(6.69)** 
Education - high school with 
matriculation -6.30(3.44)* 2.73(1.74) -10.05(6.80) 
Academic education, B.A. 0.68(3.41) 5.66(1.86)*** 6.29(6.76) 
Academic education, M.A. -0.41(4.25) 10.59(2.30)*** -6.50(8.85) 
Academic education, Ph.D. 6.87(11.14) 20.00(6.71)*** 18.57(26.72) 
Status at work: employee -14.88(3.96)*** -17.54(1.61)***  31.32(9.49)*** 
Number of jobs held 10.42(3.43)*** 4.71(1.41)*** 1.72(8.02) 
Fear of losing job -2.76(1.70) -0.53(0.88) -7.47(3.31)** 
Satisfied with job -3.30(1.78)* 1.62(0.92)* -3.50(3.59) 
Satisfied with labor income 7.70(1.64)*** 2.46(0.86)*** 7.48(3.38)** 
Household’s standard of 
living has risen 6.78(2.67)** 1.69(1.41) 7.10(5.18) 
N 3097 595 1286 
Adjusted R-square 0.05 0.49 0.05 

Significance level: ***<0.01, **<0.05, *<0.10. Standard deviations are presented in brackets 
 
Consequently, a hypothesis that all explanatory factors have the same effect on errors in both 
directions is not supported by the data. Therefore, below we relate to models of positive and 
negative error separately, irrespective of the pooled model. 
The level of income obtained from the administrative file affects measurement error by 
lowering positive errors and increasing (in absolute terms) negative ones, with elasticity of 
roughly 0.2. The estimate of the response time was not significant in the models for any 
direction of error. Other factors controlled for, men tended to report 7% larger positive errors 
and 11% smaller negative errors than women. Age affected measurement errors in both 
directions in a U shape. An increase in level of education was identified with an increase in 
positive error but had no effect whatsoever on negative error. 
Being an employee as opposed to being self-employed had a downward effect on errors in 
both directions - 18% on positive errors and 31% on negative ones. This finding is consistent 
with the general conclusion in Moore et al. (2000) that reporting errors are negligible, on 
average, in the reportage of wage income. Individuals who reported being afraid of losing 
their jobs exhibited a 7% larger negative error. Holding an additional job on the survey date 
increased positive error at a 5% rate. Finally, satisfaction with income is identified with a 2% 
increase in positive errors and a 7% decrease in negative errors. 
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Table 5: Estimation Results, Employees Only 
 All observations Positive error Negative error 
Intercept -21.94(9.97)*** 185.04(10.51)*** 232.90(46.58)*** 
(Ln of) income from 
administrative file -6.20(0.75)*** -21.03(1.21)*** -46.48(6.02)*** 
Correction of response about 
gross income during 
interview -10.15(3.49)*** -0.99(1.97) -20.91(6.36)*** 
Size of response correction 2.36(0.87)*** 0.63(0.49) 5.75(1.58)*** 
Male 7.30(2.86)** 7.74(1.74)*** 10.10(5.25)* 
Arab -8.97(4.01)** -7.01(2.04)*** -14.29(7.08)** 
Academic education, B.A. 6.46(3.37)* 4.76(2.08)** 9.53(6.02) 
Academic education, M.A. 3.78(4.12) 15.77(2.56)*** -5.18(7.86) 
Academic education, Ph.D. 9.43(12.71) 32.33(9.99)*** 1.90(28.57) 
Number of jobs held 8.90(3.69)* 4.52(1.61)*** 3.75(7.51) 
Usual weekly work hours  5.62(1.17)*** 0.18(0.60) 11.35(2.24)*** 
Satisfied with household’s 
economic situation 7.49(1.66)*** 1.50(0.91)* 8.75(3.02)*** 
Part-time main job 13.87(6.35)** -2.27(3.67) 27.97(10.77)*** 
Has worked more hours 0.23(2.98) 3.62(1.72)** -1.83(5.27) 
Has worked fewer hours 8.79(4.79)* -0.64(2.92) 10.12(8.57) 
Received a wage raise 6.54(2.93)** -2.22(1.66) 10.78(5.19)** 
Received a wage cut -12.31(6.29)** -2.65(3.79) -10.86(10.54) 
Has not been promoted -42.96(9.49)*** -10.52(5.52)* -67.96(15.60)*** 
Receives full pay for sick 
days 0.15(2.91) 3.40(1.64)** 2.76(5.21) 
Employer participates in 
pension insurance -2.68(3.78) -2.42(1.79) 21.05(7.54)*** 
Employer participates in 
advanced-training fund  -16.56(3.20)*** 6.43(1.92)*** -2.67(5.84) 
Participates in profit-sharing 
with employer -3.27(4.16) 6.81(2.84)** -6.59(7.48) 
Has company car -0.35(3.88) 7.62(2.48)*** -0.27(7.56) 
Receives reimbursement of 
transportation expenses 2.96(3.47) 5.42(2.32)** 11.10(6.22)* 
N 2403 344 1107 
Adjusted R-square 0.07 0.57 0.09 

Significance level: ***<0.01, **<0.05, *<0.10. Standard deviations are presented in brackets 
 
Table 5 shows that the goodness of fit of the employees-only model is very strong for cases of 
positive error (0.57) and relatively poor for cases of negative error and all observations (0.09 
and 0.07, respectively). The findings concerning the effects of the aforementioned 
demographic and socioeconomic variables on the full sample are also valid for employees. 
The employees-only model is especially mindful of employment characteristics that are likely 
to affect measurement errors. Thus, the number of jobs held increases positive error (by 5%), 
as do overtime work (by 3%) and fringe benefits such as full pay for sick days (by 3%), 
contributions to advance-training fund (by 6%), company car (by 8%), coverage of 
transportation expenses (by 5%), and profit-sharing (by 7%). In contrast, employees who 
reported not having been promoted in their current job tend to report their income with 
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smaller positive errors by 11%. Part-time employment reduces negative error by 28%. For the 
given duration (full- or part-time) of individual’s main job, the more hours worked in all jobs, 
the smaller the negative error is. The negative error tends to be smaller among employees who 
reported having received a raise in recent years at their current job (by 11%) and those who 
benefited from employer contributions to pension (by 21%) and reimbursement of 
transportation expenses (by 11%). A much larger negative error (68%) is typical of employees 
who believe they have not been promoted on the job. 
Table 6 presents estimates for the self-employed only. In this model, too, goodness of fit is 
relatively strong for positive errors (0.32) and weak for negative ones (0.02). In this model, 
unlike the employees-only model, the respondents’ demographic and socioeconomic 
indicators had no effect, with the sole exception of academic education. The AT variables, 
too, were not found significant. The only factors that had statistically significant effects were 
subjective variables. Thus, satisfaction at work and the feeling that the respondent’s standard 
of living has fallen in recent years are identified with an increase in positive error by 7%. Two 
variables related to expectations—that business turnover will increase and that the business 
will make progress generally—had a downward effect of 10% on positive errors. 
 

Table 6: Estimation Results, Self-Employed 
 All observations Positive error Negative error 
Intercept -6.21(30.10) 144.04(15.08)*** -20.82(320.65) 
(Ln of) income from 
administrative file -4.20(1.82)** -13.62(1.71)*** -12.03(33.66) 
Academic education, B.A. 16.87(13.62) 8.12(3.67)** 59.93(49.80) 
Satisfied with job -7.75(7.93) 7.29(2.19)*** -32.07(26.82) 
Satisfied with labor income 23.78(7.80)*** 1.53(2.20) 50.25(26.99)*** 
Household’s standard of 
living has fallen  10.39(16.63) 8.51(4.74)* -17.61(53.64) 
Expects business turnover to 
increase -0.37(13.25) -10.60(3.70)*** 10.41(44.45) 
Expects business to make 
progress -5.97(11.37) -8.97(3.04)*** -8.00 (41.12) 
N 369 156 86 
Adjusted R-square 0.02 0.34 0.02 

Significance level: ***<0.01, **<0.05, *<0.10. Standard deviations are presented in brackets 
 
4. Summary and Conclusions 
 
This study analyzed errors in the measurement of labor income on the basis of a comparison 
of reportage in a social survey, by means of a banded question, with records in an 
administrative file obtained from income tax authorities. Following Abowd and Stinson 
(2011), we did not consider the contents of the administrative file as true reportage against 
which the data reported in a survey should be examined and any difference should be 
regarded as a reporting error in the survey. We treated discrepancies between the 
administrative source and the survey as errors in the measurement of a latent variable. These 
measurement errors may be affected by a gamut of factors including differences in 
definitions, reporting periods, timing of the recording and receipt of income, non-response in 
the survey, under-reporting to the income tax authorities, reporting errors, errors of record 
linkage, and so on. 
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We focused on the relation between measurement error and three groups of factors: those 
associated with question design and the cognitive process of answering a question; those 
related to differences between employees and the self-employed in the nature and definition 
of labor income, and those associated with employment characteristics that make it difficult to 
correctly reconstruct and evaluate the level of labor income reported in the survey. 
Our main finding is that regression to the mean occurs in the income reported in the survey as 
against that obtained from the administrative source. Positive measurement errors were more 
common among low-income respondents and negative measurement errors were more 
common among those of high income. Consequently, the indicators of variance and inequality 
based on income reported in the survey were lower than when measured on the basis of the 
same individuals’ income in the administrative file: Gini index values of 0.4267 as against 
0.4746. 
According to our research hypothesis, high-income persons who report their income in a 
social survey tend to “forget” income that they received from additional jobs, overtime, self-
employed income, fringe benefits, and nonrecurrent gains such as bonuses and profit-sharing. 
As a result, they tend to under-report their labor income in the survey relative to the 
administrative data. In contrast, low-income workers, who hold part-time and/or irregular 
jobs, tend in surveys to report the income they receive in a full month of work, a level that 
may be not representative of their average income. Consequently, one expects them to over-
report their income relative to the administrative data. The findings of our research confirm 
these hypotheses and, by so doing, prove that the factors related to negative measurement 
error are different from those that are associated with a positive measurement error. 
Parsing the analysis of measurement errors by the respondents’ labor status - employees vs. 
self-employed - we found that the two populations should not be pooled into one model due to 
material differences in the conceptual definition of income, how income is measured, 
volatility in income level during the year, and reporting on income in the survey as against 
reporting it to the tax authorities.  
Analyzing the response process by means of Audit Trail variables, we found that inserting a 
question about net income immediately after inquiring about gross income, as a logical way to 
allow respondents to control their responses, caused 22% of the respondents to go back and 
check the accuracy of their responses to the gross income question. Reversion to the gross 
income question during the interview and correction of the answer reduced measurement 
errors among both employees and the self-employed but did so more among the former than 
among the latter. 
As for the contribution of subjective variables associated with respondents’ satisfaction with 
their work, their breadwinning, promotion on the job, and expectations, we found a significant 
relation between them and measurement errors. We infer from this that these variables yield 
important information for the explanation of disparities among individuals in the size and 
direction of income-measurement errors. There is no doubt, however, that separate research is 
needed to understand the cognitive mechanism that translates individuals’ outlooks and 
attitudes into measurement errors generally and survey reportage errors particularly. 
In sum, the analysis of income measurement errors in a survey as against an administrative 
file, with no distinction made between employees and the self-employed, between high-
income and low-income respondents, and among factors that are unique to each group, may 
gravely bias the findings and impair our understanding of ways to improve the income data. 
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Abstract 

 
Recent survey literature shows an increasing interest in the tailoring of survey design 
features. Survey designs that adapt data collection to characteristics of the survey target 
population derived through auxiliary data are termed adaptive (or responsive) survey 
designs. Given a specified quality objective function, the designs attempt to find an 
optimal balance between quality and costs. In this paper, we demonstrate how an 
adaptive survey design can be carried out using R-indicators. The R-indicators measure 
the degree to which respondents and non-respondents differ from each other (the 
contrast) and  go beyond response rates alone.  Through the analysis of R-indicators we 
can build profiles (characteristics) of the data units where more or less attention is 
required in the data collection. We demonstrate the effectiveness of targeted data 
collection in a simulation study. 
 
Keywords: non-response analysis, partial R-indicators, survey design 
 
 

1. Introduction 
 

Recent literature has shown that the response or coverage rate is an insufficient quality 
indicator to measure the potential impact of non-response to a survey. There have been 
many studies that have shown that increased data collection efforts have led to a higher 
response rate but also to a larger non-response bias (Curtin, Presser and Singer (2000), 
Groves, Presser and Dipko (2004), Keeter et al. (2000) and Merkle and Edelman (2002)). 
For these surveys the contrast between response and non-response was increased by the 
increased effort.  
 
The EU 7th Framework research project (Socioeconomic Sciences and the Humanities 
Part 8: FP7SSH20071) titled Representativity Indicators for Survey Quality (RISQ) was 
carried out between 2008 and 2010 and involved a consortium of European partners from 
the Netherlands, United Kingdom, Norway, Slovenia and Belgium. Representativity 
indicators (or R-Indicators) were developed to measure the extent to which a survey or 
register is representative of the population under investigation (Schouten, Cobben and 
Bethlehem 2009). Non-response research typically restricts itself to the investigation and 
identification of subpopulations that have low response rates. Implicitly, such research 
investigates the characteristics of households and enterprises for which a contrast can 
often be observed. These investigations can be conducted when demographic and socio-
economic information is available that stems from other sources. The RISQ project 
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involved the translation of non-response analyses to quality indicators. The quality 
indicators (or R-Indicators) measure the degree to which respondents and non-
respondents differ from each other. They can then be used to compare different surveys 
in time or topics, and, hence, to generalise findings, and for an assessment of quality that 
goes beyond the response rate alone. 
 
Representativity is defined in terms of the response propensities of different sample units 
given their values on a specified set of auxiliary variables and is based on their variation. 
Response is said to be representative if all the response propensities in the sample are 
equal (and none are equal to zero). Our definitions of R-indicators will be most effective 
in capturing non-response bias in a survey estimate when the auxiliary variables are, in 
combination, strong predictors of the survey item(s) upon which the estimate is based and 
the model for estimating the response propensities is specified correctly. The R-indicators 
can be decomposed to produce partial R-indicators for measuring the impact of the 
specified variable/category on deviations from representative response. We make a 
distinction between unconditional and conditional partial R-indicators.   
 
The partial R-indicators allow the building of profiles (characteristics) of the data units 
where more or less attention is required in the data collection in order to reduce the 
contrast between respondents and non-respondents. Monitoring and controlling data 
collection is known as adaptive (or responsive) survey designs. Adaptive survey designs 
aim to differentiate the field management and data collection with respect to known 
characteristics of the data units. By targeting the data collection and follow-up strategies, 
we ensure that efforts to increase response will be directed to those that are contributing 
the most to the non-response bias. By ensuring a more representative sample at the 
source, we aim to reduce the variation in final survey weights mainly due to non-response 
adjustments and thus produce more efficient estimators.   
 
In this paper, we review the R-indicator and partial R-Indicators and present theoretical 
properties of these indicators in Sections 2 to enable  significance testing. We then 
provide a simulation study in Section 3 where we show that even with a slight increase in 
the response rate, we obtain large gains in representativity when targeting the data 
collection in a responsive survey design. We conclude with a discussion in Section 4. At 
www.risq-project.eu code in SAS and R and a manual are available for the computation 
of R-indicators and partial-R-indicators. The code will be extended with standard errors 
approximations for all indicators and a number of other features. 
 
2.  Theoretical Properties of  R- indicators and Partial R-Indicators 
  
We use the notation and definition of response propensities as set out in Schouten, 
Cobben and Bethlehem (2009) and Shlomo, Skinner and Schouten (2012).  We let U  
denote the set of units in the population and s the set of units in the sample. We define a 
response indicator variable iR  which takes the value 1 if unit i  in the population 

responds and the value 0 otherwise. The response propensity is defined as the conditional 
expectation of iR  given the vector of values ix of the vector X  of auxiliary variables: 
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( ) ( 1| ) ( 1| )X i i i i ix E R X x P R X xρ = = = = = =  and also denote this response propensity 

by Xρ .  We assume that the values ix  are known for all sample units, i.e. for both 

respondents and non-respondents, and can include both specified variables and survey 
fieldwork conditions.   
 
2.1  Definition of  R-indicator  
 
We define the R-indicator as: )(21)( XX SR ρρ −= . The estimation of the propensities is 

typically based on a logistic regression model: βρρ xXX ′=− )]1/(log[  where β  is a 
vector of unknown parameters to be estimated, and x may involve the transformation of 
the original auxiliary variables (e.g. by including interaction terms) for the purpose of 

model specification. The estimator of the response propensity is:  
1)ˆexp(

)ˆexp(
ˆ

+′
′

=
β

βρ
x

x
X  

where β̂  is the estimator of β  based on the model.  The estimator of the variance of the 

response propensities: ∑ −
−

=
s XiXiX xd

N
S 22 )ˆ)(ˆ(

1

1
)ˆ(ˆ ρρρ  where 1−= iid π  is the 

design weight or inclusion weight and ∑=
s iXiX xd

N
)(ˆ

1ˆ ρρ  . We estimate the R-indicator: 

)ˆ(ˆ21)ˆ(ˆ
XX SR ρρ −= .   

 
2.2 Theoretical Properties of the R-Indicator 
 
As shown in Shlomo, Schouten and Skinner (2012), estimated R-indicators have a sample 
size dependent bias. When the sample size decreases, the bias increases. For this reason a 

bias adjustment was proposed for )ˆ(ˆ
XR ρ .  When the sampling design is a simple random 

sample without replacement the bias-adjusted R-indicator has the form:  
 

 [ ] isi sj

T
jj

T
iXXB zxzz

n
S

Nn
R

12 1
)ˆ(ˆ)

11
1(21)ˆ(ˆ −

∈ ∈∑ ∑−−+−= ρρ ,                                     (1) 

 
with i

T
ii xxhz )ˆ( β∇=  and h  the link function in the model for response propensities, i.e. 

the logit function. 
 
In addition, Shlomo, Schouten and Skinner (2012) also developed a variance calculation 

for the R-indicator )ˆ(ˆ
XR ρ . This was based on decomposing 2Ŝρ  into the part induced by 

the sampling design for a fixed value of β̂  and the part induced by the distribution of β̂ .  

We take the latter to be )(~ˆ Σβ,β N , where:  
1 1( ) var{ [ ( ' )] } ( )i i i is

d R h− −= −∑Σ J β x β x J β                       (2) 

 
and ( ) { ( )}E=J β I β  is the expected information rather than the observed information in 
(2). The decomposition can be written as:     
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2 2 2
ˆ ˆ

ˆ ˆ ˆvar( ) [var ( )] var [ ( )]s sS E S E Sρ ρ ρ= +
β β

,                      (3) 

where the subscript β̂  denotes the distribution induced by )(~ˆ Σβ,β N , which may be 
interpreted as arising from the response process. Following usual linearization arguments, 

denoting  )( ii xρρ ≡  and given the consistency of β̂  for β  for standard sample designs, 
the first term can be written as:  

2 1 2
ˆ

ˆ[var ( )] var [ ( ) ]s s i i U
i s

E S N dρ ρ ρ−

∈
≈ −∑β

.                       (4) 

For the  second component in (3), again using linearization arguments and approximating 
ˆˆ ( )i i iρ ρ ′≈ + z β -β  where ( ' )i ih= ∇ iz x β x , and assuming that β̂  is normally distributed so 

that ˆ( )−β β  is uncorrelated with ̂ ˆ( )( ) '− −β β β β , we can write  write: 
2

ˆ ˆ
ˆ ˆ ˆvar [ ( )] 4 var { [ ( )( ) ]}sE S trρ ′ ′≈ +

β β
A ΣA B β -β β -β ,                               (5) 

where 1 ( )( )i U i U
i U

N ρ ρ−

∈
= − −∑A z z ,  1 ( )( ) 'i U i U

i U

N −

∈
= −∑B z - z z z and Σ  is defined in 

(2). The second term involves the fourth moments of β̂  which can also be expressed in 

terms of Σ  since ̂β  is assumed normally distributed. 
 

The variance of 2Ŝρ  can be estimated by the sum of the estimated components of (3). We 

estimate the component in (4) by a standard design-based estimator of 
2var [ ( ) ]s i i U

i s

d ρ ρ
∈

−∑ , where this is treated as the variance of a linear statistic var [ ]s i
i s

u
∈
∑  

and iu  is replaced by 2ˆˆ( )i i Ud ρ ρ−  in the expression for the variance estimator. We 
estimate the second component of the variance in (5) by estimating A , B  and Σ . First, 

iz  may be estimated by ˆˆ ( ' )i i ih= ∇z x β x . Then A  may be estimated by 
1ˆ ˆ ˆˆ ˆ( )( )i i U i U

i s

N d ρ ρ−

∈
= − −∑A z z , B  may be estimated by 1ˆ ˆ ˆˆ ˆ( )( ) 'i i U i U

i s

N d−

∈
= − −∑B z z z z , 

where 1ˆ ˆU i is
N d−= ∑z z , and Σ  may be estimated by a standard estimator of the 

covariance matrix of ̂β . 
 
2.3 Definition  of  Partial R-Indicators 
 
The unconditional partial indicators measure the distance to representative response for 
single auxiliary variables and are based on the between variance given a stratification 
with categories ofZ  (Schouten, Shlomo and Skinner (2011)). The variable Z  may or 
may not be included in the covariates of the model X   for estimating the response 
propensities.     Given a stratification based on a categorical variable Z  having categories 

Kk ,,2,1 K= , the variable level unconditional partial R-indicator is defined as  
)|(),( ZSZP XBXu ρρ =   where 

          ∑∑ ==
−≅−

−
= K

k XkX
kK

k XkXkXB N

N
N

N
ZS

1

2
,1

2
,

2 )()(
1

1
)|( ρρρρρ                       (6) 
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where kX ,ρ is the average of the response propensity in stratum k . This between variance 

is estimated by: ∑ =
−= K

k XkX
k

XB N

N
ZS

1

2
,

2 )ˆˆ(
ˆ

)|ˆ(ˆ ρρρ  where )(
1ˆ

, is Xi
k

kX xd
N k
∑= ρρ ,   

∑=
ks ik dN̂  is the estimated population size of stratum k   and ks  is the set of sample 

units in the stratum. At the category level Z=k, the unconditional partial R-indicator is 
defined as:  

         
( ) ( )XkX

k

XkX

XkX
XBXu N

N
kZSkZP ρρ

ρρ
ρρ

ρρ −=
−

−
== ,

,

,)|(),,(                                           (7) 

and is estimated by: )ˆˆ(
ˆ

)|ˆ(ˆ
, XkX

k
XB N

N
kZS ρρρ −== . 

Conditional partial R- indicators measure the remaining variance due to variable Z within 
sub-groups formed by all other remaining variables, denoted by −X  (Schouten, Shlomo 
and Skinner (2011)). In contrast to the unconditional partial R- indicator, the variable Z 
must be included in the model for estimating response propensities. Let kδ  be the 0-1 
dummy variable that is equal to 1 if kZ =  and 0 otherwise. Given a stratification based 
on all categorical variables except Z, denoted by −X  and indexed by j, j=1...J, the 
conditional partial R-indicator is based on the within variance and is defined as:   

)|(),( −= XSZP XWXc ρρ  where:   

         ∑ ∑= ∈
− −

−
= J

j Ui jXiXXw
j

x
N

XS
1

2
,

2 ))((
1

1
)|( ρρρ                                             (8) 

and is estimated by ∑ ∑= ∈
− −

−
= J

j si jXiXiXw
j

xd
N

XS
1

2
,

2 )ˆ)(ˆ(
1

1
)|ˆ(ˆ ρρρ . At the 

categorical level of Z=k, we restrict the within variance to population units in stratum k 
and obtain:  

          ∑ ∑= ∈
−

−
= J

j Ui jXiXikXc
j

x
N

kZP
1

2
,, )),((

1

1
),,( ρρδρ                                         (9) 

 and estimated by:  ∑ ∑= ∈
−

−
= J

j si jXiXikiXc
j

xd
N

kZP
1

2
,, )ˆ),(ˆ(

1

1
)ˆ,,(ˆ ρρδρ . 

 
2.4   Theoretical Properties of Partial R-indicators 
 
Empirical work has shown that the size dependent bias affecting the R-indicator in (1)  
has little impact on the variable level partial R-indicators when sample sizes are large and 
no impact on the categorical level partial R-indicators. The main reason for this is that the 
variance of the partial R-indicators becomes the dominant property which needs to be 
accounted for. Therefore, for smaller sample sizes, we adopt  a method of pro-rating the 
bias correction term in (1) between the decomposed variance components defining the 
variable level partial R-indicators as follows:   The variable level unconditional partial R-
indicator  ),( Xu ZP ρ  is  the between variance given the stratifying variable Z. The variable 
level conditional partial R-indicator ),( Xc ZP ρ   is the within variance given the stratifying 

variable −X  (all auxiliary variables except Z). By calculating the complementary 
between and within variance for each of the stratifying variables, we can implement a 
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pro-rating of the bias correction term in (1) between the complimentary between and 
within variances.  
   
To obtain the variance estimates for the variable level partial R-indicators, we observe 
that for the unconditional partial R-indicator )|(),( ZSZP XBXu ρρ =  we can obtain an 
estimate of the variance as shown in (3) when the response propensities are modelled 
based on  a stratification on the single variable Z. Similarly, for the conditional partial R-
indicator )|(),( −= XSZP XWXc ρρ  we can obtain an approximation of the variance as 

shown in (3) when the response propensities are modelled by a stratification on −X . The 
approximation is due to the fact that main effects and second order interactions are 
typically used to estimate response propensities in the logistic regression models as 
opposed to a complete cross-classification.  
 
To obtain the variance estimates for the categorical level partial R-indicators, we denote  

−X   the auxiliary variables taking values Jj ,...,2,1=  and Z  a categorical variable for 
which the partial indicator is calculated with categories Kk ,,2,1 K= .   
 
Standard error of unconditional  category-level partial R-indicator:  
The variance of the estimated unconditional category-level partial R-indicator: 

)ˆ,,(ˆ
Xu kZP ρ   can be written as:   

 ( ) [ ])ˆ,ˆ(2)ˆ()ˆ(
ˆ

ˆˆ
ˆ
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XkX
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N
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N
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 assuming that kN is the number of units with  Z=k  and is known,  

k
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= where  1=k
iδ  if kZ =  and 0=k

iδ  otherwise, and 

Nd
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iiX /ˆˆ ∑
∈

= ρρ  . In general kN  may not be known and we may need to estimate it by 

the sample-based estimator ∑=
ks ik dN̂ . This will introduce a small additional loss of 

precision. Since 
CkX

k
kX

k
X N

N

N

N
,,

ˆ
ˆ

1ˆ
ˆ

ˆ ρρρ 












−+= where 

)ˆ/()1(ˆˆ
, k

k
i

si
iikX

NNdC −−= ∑
∈

δρρ , we have that: )ˆ(
ˆ

)ˆ,ˆ( ,, kX
k

XkX Var
N

N
Cov ρρρ =  and 

therefore: 

 
























−+










−= )ˆ(

ˆ
1)ˆ(

ˆ
1

ˆ
))ˆ,,(ˆ(

,

2

,

2

CkX

k
kX

kk
Xu Var

N

N
Var

N

N

N

N
kZPVar ρρρ                     (10) 

We restrict ourselves to a first-order approximation and approximate )ˆ( ,kXVar ρ  by a 

standard design based variance estimator ∑
∈si

iid φ̂ , where ki
k
ii N̂/ˆˆ ρδφ =    and 

approximate )ˆ(
, CkX

Var ρ   by a standard design based variance estimator ∑
∈si

iid υ̂ , where 
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)ˆ/(ˆ)1(ˆ ki
k
ii NN −−= ρδυ . The standard error is obtained by taking the square root of the 

expression in (10).                                                                                  
 
Standard error of  conditional category-level  partial R-indicator:  
For the conditional category-level partial R-indicator )ˆ,,(ˆ

Xc kZP ρ we use the same 

methodology for the variance estimation of the R-indicator as shown in Section 2.2 but 
we add in the stratification variable −X  as follows:   The first term  in (4)   may be 

estimated by a standard design-based estimator of ])ˆˆ([var
1

2∑∑
=

=
∈

−
J

j
jXi

si
is

k

d ρρ  where this 

is treated as the variance under a stratified sample design of a linear statistic 

][var
1
∑∑

= ∈

J

j si
jis

k

u  and jiu  is replaced by 2)ˆˆ( jXiid =− ρρ  . For the  second term in (5), we   

replace the A and B under a stratified design using the estimates: 

)ˆˆ()ˆˆ(1ˆ
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jXi
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j
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k
ii zzdN
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=
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ii zzzzdN
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3. Simulation Study for a Responsive Design 
 
For the simulation study, we use a dataset from the 1995 Israel Census Sample of 
Individuals aged 15 and over (N=753,711). Population response propensities were 
calculated using a 2-step process:  
1. Probabilities of response were defined according to variables: child indicator, income 

from earnings groups, age groups, sex, number of persons in household and three 
types of  localities. These variables define groups that are known to have differential 
response rates in practice. Based on the probabilities, we generated a response 
indicator. 

2. Using the response indicator as the dependent variable, we fitted a logistic regression 
model on the population using the above explanatory variables where type of locality 
and size of household were interacted. The predictions from this model served as the 
‘true’ response propensities for our simulation study.  

 
The overall response rate generated in the population dataset was 69.2%. Table 1 presents 
the differential response rates according to the variables in the model that generated the  
population response propensities. High non-response rates in categories are likely to 
cause the sub-group in the population to be under-represented according to the partial R-
indicators. From the population, we drew a 1:100 sample (sample size of 7,537) using 
simple random sampling and generated a response/nonresponse indicator according to the 
propensity to respond as defined in  the population. The R-indicator was 0.859 with a 
confidence interval between 0.838 and 0.880.       
 
Tables 2 and 3 provide the partial R-indicators and their confidence intervals for the 
original sample. The unconditional and conditional partial R-indicators can be used 
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during data collection to identify population subgroups that are candidates for follow-up. 
Doing so, a responsive survey design is created. We will explain how this was done for 
this particular study. 
 
Table 1: Percent response generated in the simulation population dataset according 
to auxiliary variables 
 
Variable Category Percent  

Response 
Variable Category Percent  

Response 
Children in 
Household 

None 68.1 Sex Male 68.4 
1+ 74.8 Female 71.0 

Age group 15-17 77.4  Income 
Group 

Low 69.0 
18-21 65.2 2 63.5 
22-24 62.5 3 68.9 
25-34 64.6 4 73.3 
35-44 68.7 5 63.2 
45-54 72.2 6 68.7 
55-64 71.0 7 70.6 
65-74 76.3 8 61.5 
75+ 81.3 9 68.5 

Number of 
Persons in 
Household 

1 68.5 10 57.9 
2 66.4 11 68.4 
3 73.2 12 71.8 
4 75.6 13 67.3 
5 68.2 14 73.0 
6+ 68.5 High 70.3 

Type of 
Locality 

Type 1 66.7    
Type 2 70.7    
Type 3 70.3    

 
According to the original sample in Table 2, we see that the impact on  representativity is 
occurring at all variables. For all variables, the 95% confidence intervals (using normal 
approximations) for both the unconditional and conditional partial R-indicators do not 
include zero. One exception is the conditional partial R-indicator for children present 
which is close to zero.  Age group and size of household variables give the strongest 
contributions. This can be seen by the larger unconditional partial indicators for these 
variables which denotes that between grouping of categories of age (or household size), 
the average propensity to respond variation is larger. For the conditional partial indicator, 
controlling for the effects of remaining variables, the within variation of the response 
propensities in categories of age group (or household size) is still larger. In other words, 
conditioning on the other variables, there remains a lack of representative response. In 
general, we see that the unconditional partial indicators are larger than the conditional 
partial indicators in the original sample for all variables. This suggests that the impact of 
each variable is reduced when controlling for the other variables and that the auxiliary 
variables show some multicollinearity. 
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Table 2: Variable level partial R-Indicators for the original and targeted sample 

Estimate CI_LB CI_UB Estimate CI_LB CI_UB Estimate CI_LB CI_UB Estimate CI_LB CI_UB

Persons 

in HH 0.043 0.032 0.053 0.036 0.025 0.046 16.2 0.034 0.023 0.044 0.030 0.020 0.041 10.4

Type of 

Locality 0.013 0.002 0.024 0.006 -0.009 0.020 57.4 0.015 0.005 0.025 0.008 -0.002 0.019 45.0

Age 

Group 0.053 0.042 0.063 0.045 0.035 0.055 14.3 0.047 0.036 0.058 0.043 0.032 0.053 9.4

Children 

Present 0.030 0.020 0.040 0.025 0.015 0.035 16.3 0.010 -0.001 0.020 0.011 0.000 0.021 -10.2

Income 

Groups 0.031 0.020 0.041 0.025 0.013 0.036 19.7 0.018 0.008 0.028 0.017 0.007 0.027 6.6

Sex 0.020 0.010 0.031 0.012 0.001 0.022 42.9 0.018 0.007 0.028 0.010 -0.001 0.020 44.6

Percent 

Reduction

Percent 

Reduction

Unconditional Partial Indicator Conditional Partial Indicator

Original Sample Targeted Increase of 1% Response Original Sample Targeted Increase of 1% Response

 
 
We now turn to Table 3 for the categorical level of partial indicators for the original 
sample. For the unconditional partial R-indicator, we can see the categories of the 
variables that are under-represented by the ‘minus’ signs. These roughly coincide with 
the response rates in the population as seen in Table 1. For the conditional partial R-
indicator, values are always positive because the subgroups may be underrepresented 
within some of the categories of the other variables and overrepresented for other 
categories. We   see that for some variables there are  categories that have   confidence 
intervals which overlap with zero, indicating that they do not significantly contribute to 
non-representative response. This holds true for many of the income and age group 
categories.   
 
From these results we built a profile of individuals that were (artificially) targeted in a 
responsive design data collection. We targeted 64 individuals for follow up according to 
the profile: male, living in the first type of locality in a household size of 1 or 2, had no 
children, between the ages of 18 and 34 and  in income groups from level 2 to 11. This 
profile was built by selecting all categories for which unconditional partial R-indicators 
were negative and where both the unconditional and conditional values were significantly 
different from zero. For our simulation study, we then assumed that all 64 individuals 
responded and we compared the R-indicators and partial R-indicators after the targeted 
responsive data collection. Under this scenario, the response rate increased slightly from 
69.8% to 70.7%, an increase of 0.9%. The R-indicator for the targeted sample was 0.884 
(compared to 0.859) with a confidence interval between 0.863 and 0.905. The overall R-
indicator increased by 3% in spite of the very small increase in response albeit targeted to 
a particular subset. The difference however was not significant.  
 
The partial R-indicators from the targeted responsive design sample also appear in Tables 
2 and 3 for comparison to the original sample. We also calculated the percent reduction in 
the partial R-indicators.   We see that many more categories of variables  now have 
confidence intervals that overlap with zero, indicating that following the targeted 
response they do not significantly contribute to non-representative response. Whilst we 
see in the tables a clear reduction in the partial R-indicator across all variables and their 
categories, the differences however were not significant.  
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Table 3:  Categorical level partial R-Indicators for the original and targeted sample 

Estimate CI_LB CI_UB Estimate CI_LB CI_UB Estimate CI_LB CI_UB Estimate CI_LB CI_UB

1 -0.006 -0.019 0.008 -0.002 -0.016 0.012 62.7 0.011 0.002 0.019 0.008 -0.001 0.016 29.9

2 -0.026 -0.035 -0.018 -0.021 -0.030 -0.013 18.7 0.015 0.009 0.022 0.013 0.007 0.020 11.9

3 0.022 0.009 0.034 0.018 0.005 0.031 17.6 0.017 0.010 0.025 0.015 0.008 0.023 11.6

4 0.023 0.010 0.036 0.020 0.007 0.032 15.6 0.018 0.011 0.026 0.017 0.009 0.024 9.3

5 -0.008 -0.021 0.006 -0.010 -0.023 0.004 -30.7 0.012 0.004 0.020 0.012 0.004 0.021 -7.8

6+ 0.006 -0.010 0.021 0.004 -0.011 0.019 33.9 0.004 -0.002 0.010 0.004 -0.003 0.010 16.7

Type 1 -0.011 -0.021 0.000 0.003 -0.009 0.014 125.5 0.011 0.002 0.019 0.002 -0.009 0.014 77.1

Type 2 0.004 -0.003 0.011 -0.003 -0.010 0.004 181.6 0.005 0.000 0.009 0.004 -0.002 0.011 6.4

Type 3 0.006 -0.008 0.020 0.004 -0.010 0.017 43.8 0.009 0.001 0.018 0.006 -0.002 0.015 31.9

15-17 0.021 0.005 0.037 0.019 0.003 0.035 10.8 0.006 0.001 0.012 0.006 0.001 0.012 -1.6

18-21 -0.013 -0.026 0.000 -0.015 -0.028 -0.002 -14.7 0.019 0.011 0.028 0.019 0.011 0.027 3.1

22-24 -0.016 -0.029 -0.003 -0.014 -0.028 -0.001 11.7 0.015 0.006 0.023 0.013 0.004 0.022 10.3

25-34 -0.024 -0.035 -0.014 -0.012 -0.024 -0.001 49.6 0.014 0.008 0.020 0.010 0.006 0.013 31.9

35-44 -0.009 -0.021 0.002 -0.013 -0.024 -0.001 -40.7 0.012 0.006 0.018 0.014 0.007 0.022 -19.5

45-54 0.010 -0.003 0.024 0.007 -0.006 0.020 30.4 0.009 0.004 0.014 0.008 0.003 0.012 15.6

55-64 0.005 -0.009 0.019 0.002 -0.012 0.016 53.1 0.011 0.006 0.016 0.009 0.005 0.013 15.5

65-74 0.024 0.008 0.039 0.021 0.006 0.037 10.5 0.024 0.016 0.032 0.021 0.014 0.029 11.3

75+ 0.023 0.006 0.039 0.021 0.004 0.037 8.8 0.022 0.014 0.029 0.019 0.011 0.027 11.6

Yes 0.026 0.014 0.038 0.022 0.010 0.033 16.5 0.007 0.001 0.013 0.008 0.002 0.014 -8.3

No -0.015 -0.022 -0.008 -0.013 -0.019 -0.006 16.7 0.007 0.001 0.013 0.007 0.002 0.013 -10.4

Low 0.009 -0.009 0.027 0.008 -0.010 0.026 7.7 0.007 -0.002 0.016 0.007 -0.003 0.016 3.0

2 -0.002 -0.017 0.013 -0.002 -0.017 0.013 -6.2 0.002 -0.020 0.024 0.001 -0.051 0.053 58.8

3 -0.010 -0.022 0.001 -0.006 -0.018 0.006 38.2 0.003 -0.009 0.015 0.002 -0.015 0.019 45.2

4 0.011 -0.009 0.031 0.010 -0.009 0.030 4.6 0.009 0.001 0.016 0.009 0.001 0.016 0.0

5 -0.008 -0.022 0.006 -0.006 -0.020 0.009 27.8 0.003 -0.011 0.018 0.003 -0.014 0.019 19.4

6 -0.006 -0.018 0.005 -0.005 -0.016 0.007 28.6 0.006 -0.003 0.015 0.005 -0.004 0.015 3.6

7 -0.008 -0.022 0.006 -0.008 -0.022 0.006 0.0 0.006 -0.006 0.018 0.006 -0.005 0.018 -8.6

8 -0.009 -0.023 0.005 -0.007 -0.021 0.007 24.7 0.006 -0.006 0.018 0.005 -0.009 0.018 25.0

9 -0.004 -0.017 0.009 -0.004 -0.017 0.009 -5.1 0.002 -0.019 0.023 0.003 -0.015 0.020 -35.0

10 -0.004 -0.018 0.011 -0.004 -0.019 0.011 -17.1 0.002 -0.016 0.021 0.003 -0.012 0.019 -37.5

11 -0.003 -0.018 0.011 -0.004 -0.018 0.011 -8.8 0.001 -0.037 0.038 0.001 -0.035 0.037 0.0

12 0.007 -0.008 0.022 0.005 -0.010 0.020 27.1 0.008 -0.002 0.017 0.007 -0.003 0.016 12.0

13 0.004 -0.012 0.020 0.002 -0.014 0.018 33.3 0.002 -0.015 0.020 0.001 -0.052 0.053 72.7

14 0.016 0.006 0.027 0.012 0.001 0.022 29.3 0.003 -0.005 0.012 0.002 -0.007 0.012 27.3

High -0.001 -0.016 0.014 0.000 -0.015 0.015 122.2 0.001 -0.023 0.025 0.001 -0.032 0.034 28.6

Male -0.015 -0.023 -0.007 -0.008 -0.017 0.000 43.2 0.013 0.006 0.020 0.007 0.000 0.014 44.9

Female 0.014 0.006 0.022 0.008 0.000 0.016 43.0 0.012 0.006 0.019 0.007 0.007 0.014 44.7

Persons in HH

Type of Locality

Age Group

Child Indicator

Income Groups

Sex

Unconditional Partial Indicator Conditional Partial Indicator

Original Sample Targeted Increase of 1% Response Percent 

Reduction

Original Sample Targeted Increase of 1% Response Percent 

Reduction

 
 
4. Discussion 
 
In this paper, we have presented the theoretical properties of the R-indicator and their 
partial R-indicators and carried out a simulation study for an adaptive survey design. We 
have shown that even for a very small increase in response targeted specifically to those 
individuals whose characteristics were shown to be impacting on representativity, we 
were able to reduce non-response bias at the source as seen by the reduction in the  R-
indicator and their partial R-indicators. The reductions however were not shown to be 
significant since estimated confidence intervals were large. Further work will aim at 
increasing the precision of the confidence intervals.   With the results of the simulation 
study demonstrating that R-indicators are effective in planning a responsive survey 
design, we aim to carry out testing on real data for a cross-sectional survey as well as  
follow-up strategies for a longitudinal survey.    
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Abstract  

 
Referring to the EU2020-ambition of Inclusive Growth, the general objectives of the 7FP 
project InGRID, Inclusive Growth Infrastructure Diffusion,are to integrate and to 
innovate existing, but distributed European social sciences research infrastructures on 
‘Poverty and living conditions’ and ‘Working conditions and vulnerability’ by improving 
the transnational data access, organising mutual knowledge exchange activities and 
improving methods and tools for comparative research. This integration will provide the 
related European scientific community with new and better opportunities to fulfil its key 
role in the development of evidence-based European policies for Inclusive Growth. In 
this regard specific attention is paid to a better measurement of related state policies, to 
high-performance statistical quality management, and to dissemination/outreach activities 
with the broader stakeholder community-of-interest, including European politics, civil 
society and statistical system. A better measurement and understanding of the needs of 
vulnerable groups is the common and shared expected impact in this integrated research 
infrastructure. 
 
Keywords: data infrastructure integration, poverty, social policy, work 
 
Acknowledgements: InGRID is a project funderd by the European Commission under its 
7 Framework Programme 
 
1. Concept and Project Objectives 

 
The ‘Europe 2020’ Strategy is the overarching policy initiative which brings together all 
areas of EU competence and activity in order to prepare the EU economy for the next 
decade. It identifies three mutually reinforcing priorities: smart, sustainable and inclusive 
growth. The priority of inclusive growth is aiming to raise labour market participation, to 
fight poverty and to strengthen social cohesion. Combating poverty and ensuring quality 
of work and employment are core elements in achieving this objective. 
 
Referring to this EU2020-ambition of Inclusive Growth, the general objectives of the 
InGRID project are to integrate and to innovate existing, but distributed European 
social sciences research infrastructures (RI) on ‘Poverty and living conditions’ and 
‘Working conditions and vulnerability’ by improving the transnational data access, 
organising mutual knowledge exchange activities and improving methods and tools 
for comparative research. For this purpose 17 key actors of the related European 



Research Area are brought together in the InGRID consortium, representing data 
infrastructures and competence centres with EU FP5-FP6-FP7 cumulated know-how. 
 
To reach this general objective of innovating and integrating existing research 
infrastructures, three key project objectives are set.  
• The first objective is to create transnational access (TNA) to 13 European data 

infrastructures. A visiting grant system will be set up and used to support and 
promote this transnational access and create a learning network.  

• The second objective is to create mutual learning activities related to the data 
infrastructures and enhance networking. Therefore, two different kinds of activities 
will be organised. Expert workshops will provide training and learning opportunities 
for experienced researchers. On the other hand, summer schools are organised, 
oriented at early stage researchers.  

• The third objective is to organise and execute four well-focused and innovative joint 
research activities (JRA) about ‘Poverty and living conditions research’, ‘Working 
conditions and vulnerability research’, ‘Policy analysis research’ and ‘Statistical 
quality research’. 

 
By fulfilling these objectives, the InGRID project aims at creating new and better 
opportunities for the development of evidence-based European policies on Inclusive 
growth. In this regard, special attention is paid to a better measurement of related state 
policies, to high-performance statistical quality management, and to 
dissemination/outreach activities with the broader stakeholder community-of-interest, 
including European politics, civil society and statistical system.  
 
2. State of the Art 
 
The activities of the InGRID project are organized within four pillars, as is depicgted in 
figure 1 below. Central objectives within these pillars are to improve the accessibility of 
the data and to secure sustainability and outreach. All pillars start from a current baseline 
at data gaps, for which solutions are developed through the joint research activities. 
Simultaneously, mutual learning and networking activities are organized and 
opportunities for transnational access are created.  
 
2.1 Poverty and Living Conditions Research 
 
Within the Europa2020 strategy, an explicit poverty target was set, which will strongly 
shape the research agenda on poverty in the forthcoming years. The broad way this target 
defines the population at-risk of poverty and social exclusion, suggests that the whole 
process aims to cover not only the income aspects of poverty, but also to reflect its 
multidimensional and complex nature. The EU-level evidence-based policy progress 
considering poverty, works within the frame of the Social Open Method of Coordination 
on Social Protection and Social Inclusion (Social OMC). At the basis of this social OMC, 
a wide set of indicators are defined, which are and have to be build on solid, flexible and 
standardized data infrastructures. This data infrastructure forms the baseline for the work 



in the InGRID project. However, this infrastructure is confronted with three important 
new challenges. 
The first challenge is to close the growing data gaps. The current prominent data sources 
fail to answer some non-standard questions, especially concerning the situation of 
migrants, minority ethnic groups or groups that are not generally included in 
(inter)national surveys. However, it is urgent to investigate their situation in a comparable 
way in order to help countries to set national targets. This requires agreed guidelines on 
the development of comparative data collection. The second challenge is to address the 
lack of harmonized longitudinal data. Existing data sets provide very limited information 
on the dynamics of poverty, the main aspects of persistent poverty and social exclusion, 
or the intergenerational transmission of poverty. Also there is a clear lack of information 
about the use and effects of anti-poverty measures. InGRID will build on this by giving 
attention to poverty mapping. The last big challenge is to find answers for specific data 
challenges, such as ways to examine more complex causal links, forecasting of effects by 
the use of static as well as dynamic micro-simulation techniques and linking micro-
effects with macro-economic processes, such as wage formation and government budget 
deficits. 
Within the InGRID project, several activities are planned to address these specific 
challenges and the general project objectives. The accessibility of the data will be 
improved at two different levels. Firstly by organizing physical access to data. This is 
done through the organization of transnational access with visiting grants. Secondly, 
accessibility is improved by developing a visual strategy and innovating the data 
infrastructures with appropriate visualization tools. Attention will also be given to 
securing sustainability and outreach to stakeholders. For this goal, expert learning 
network activities and summer school training activities will be organized. By calls for 
contributions and the publication of the proceedings of these workshops (on the project 
website), further dissemination towards the RI community is ensured. 
Further, three joint research activities are scheduled. The first research activity aims to 
build an integrated poverty and living conditions indicator system (IPOLIS). For the 
easy-to-reach groups a full and integrated monitoring data base will be produced. For the 
other vulnerable groups (the hard-to-identify groups and the hard-to-reach groups) 
protocols will be developed for the creation of a database in a later phase. The second 
research activity focuses on optimizing the use of census micro-data to analyze and 
monitor poverty and living conditions at territorial level in Europe. In the third research 
activity, priorities for future data collection and comparative analyses will be identified. 
 
2.2 Working Conditions and Vulnerability Research  
 
Employment growth in Europe has been a policy aim since long, and is again represented 
within the Europe2020 strategy through the policy objectives of the New skills for new 
jobs initiative and the future European Skills, Competences and Occupations taxonomy 
(ESCO, 2010). In response to these policy objectives, developing joint indicators in view 
of the monitoring of progress of the ‘better’ jobs objective has been actively promoted. In 
this context, three main challenges are identified. 
The first main challenge focuses on the comparison and harmonisation of job quality 
indicators, occupational health and safety indicators and Laeken indicators. For merging 



data from these various approached, occupation is a key variable. But in EU-wide micro-
data this variable is only available on highly aggregated levels. The need for tools to 
improve detailed and cross-country comparable data on occupations seems as a result 
obvious. The second main challenge is the measurement of working conditions of 
vulnerable groups. This creates important challenges for the current quantitative survey 
methods used in comparative working conditions studies: how can these groups be 
identified in surveys, are they in a representative way included in the sample populations, 
…? The third main challenge is to address the lack of tools to identify new jobs and the 
related new skills at various levels of aggregation. The baseline in this pillar is provided 
by the European Foundation for the Improvement of Living and Working Conditions, 
who created both of both the European Working Conditions Survey and the European 
Company Survey. A second key source is the WageIndicator data. 
Similar to the first pillar, in this pillar also specific actions are oriented to improving the 
accessibility of data. Next to transnational data access with visiting grants, data 
improvements will be obtained by benchmarking how current, relevant national 
employee and employers’ surveys generate data concerning these new skills and jobs, 
and by developing and testing new tools to measure occupations and their skill 
requirements. Also, through the organisation of expert workshops, summer school 
training events and a yearly training event for policy practitioners, attention is paid to 
securing sustainability and outreach to stakeholders. This is further supported by the 
involvement of a wide range of knowledge centres and research agencies across Europe 
within the project. 
In addition, joint research activities will work on four different tasks. The first task is to 
create tools for harmonising the measurement of occupations EU-wide. The second task 
is oriented at tools to detect and classify new jobs and new skills in working conditions 
and occupational health and safety surveys. Within the third tasks, inventories and 
reviews will be created considering working conditions and occupational health and 
safety using a web-based platform. In the last task, the focus is on identifying 
determinants of vulnerability connected with economic change and employers’ 
behaviour, on characterising, identifying and mapping vulnerable groups in work and on 
developing methods and tools to facilitate this. 
 
2.3 Policy Analysis Research  
 
Policy evaluations require micro-level data of high quality, but need also reliable and 
systematic information concerning the institutional arrangements. In order to account for 
individual level outcomes in terms of poverty, living and working conditions, it is 
necessary to incorporate the arrangements of social and labour market policies into an 
analytic framework. The lack of relevant and accurate institutional data has constrained 
comparative research. The collection of systematic comparative institutional data and the 
establishment of policy indicator data sets are important steps to realise this objective. 
The model family approach has been vital for this re-orientation of welfare state research 
to an institutional analysis, according to which eligibility criteria and entitlement levels 
are calculated based on national regulations for a set of typical household types (Korpi, 
1989; Bradshaw et al., 1993). The policy analyses offered by the EUROMOD is a next 
step forward to overcome the problem of the partial coverage of social protection of the 



data sets and studies based on the model family approach. EUROMOD links micro-data 
from household surveys and policy regulation (codified into analysable units) in a single 
user interface. 
The chief objective of this research pillar is to link policy evaluations based on the family 
model approach to that of EUROMOD. Both the representativeness and inclusiveness of 
policy indicators are addressed, thus strengthening the capacities to provide more 
meaningful and accurate policy evaluations and analyses. More precisely InGRID 
contributes – through joint research activities – to improving the possibilities for 
institutional and comparative policy analysis by building a flexible (web-based) tool for 
doing model family analysis on the basis of EUROMOD, extending the range of policy 
measures included in the EUROMOD to child care, develop new tools to capture a 
broader range of institutional information in single policy indicators, and by providing a 
systematic policy inventory that contains core indicators partly resulting from the model 
family and EUROMOD analyses carried out by the partners involved. 
Next to the joint research activities, opportunities for transnational data access with 
visiting grants will be created. Also networking activities will be organised through 
expert workshops and summer school training activities, as also the publication of calls 
for contribution to these activities on the project website and the publication of the 
proceedings afterwards. Within the summer schools, six specific training series around 
the EUROMOD micro-simulation facilities will be organized for researchers in which a 
combination is made between lectures and demonstrations with hands-on workshops and 
opportunities for independent analysis using the EUROMOD model. Further four training 
events for policy practitioners are planned. 
 
2.4 Statistical Quality Research 
 
Reliable indicators on poverty, social exclusion, and related areas generally are based on 
highly sophisticated statistical estimation methods. These figures need to be highly 
accurate at different aggregation levels for geographical areas and have to grasp the 
multi-dimensionality of poverty and vulnerability. This goal creates several challenges in 
respect to multidimensionality, small area estimates and the measurement of change. 
Acknowledging the multi-dimensional and complex nature of poverty determines the 
need for the availability of statistical data and the adequate tools of analysing it. 
Regarding the methodology utilised in a multivariate setting, there are essentially two 
relevant types of approaches. The first consists of theoretical constructions that are based 
on opportune and consistent logic models of reference. The second approach refers to 
multivariate statistical techniques and aims to aggregate the ‘disperse’ information 
contained in a multiplicity of poverty indicators so as to analyse it within a space of 
reduced dimension. Both types of approaches have a common goal: to derive meaningful 
indicators and measures from the basic statistical information. 
In sample surveys, estimates of population quantities for a certain target variable are 
usually needed both for the population as a whole and for sub-populations, domains or 
areas. When area sample sizes are not large enough to allow for reliable direct estimation 
in all or most of the domains, there is need to use small area estimation techniques. 
Further, one of the primary interests is to monitor the evolution over time, rather than the 
absolute level of an indicator. Thus it is important to have some measures of change for 



indicator estimates. However, to judge whether an observed change was significant in a 
statistical sense the corresponding variance estimator for measures of change are needed 
(see Nordberg, 2000; Berger, 2004; Goga, Deville & Ruiz-Gazen, 2009). 
Improvements in the development and accuracy of the above mentioned indicators 
require the construction of a shared knowledge on theories and best practices to judge the 
quality and appropriateness of indicators through an empirical analysis. The ‘Statistical 
quality management’ pillar of the InGRID project aims at contributing to these objectives 
in three ways. 
The first way is through joint research activities. Three domains of research activities are 
scheduled. The first domain addresses scenario and simulation based analysis. The 
second domain concerns data and modelling. And the last domain is focused at methods 
to improve the above-mentioned statistical methods with respect to the multidimensional 
measurement. Secondly, also within this pillar, transnational access will be organised to 
the statistical competence centres, where visitors will be able to experiment with the 
available statistical tools, models and instruments. Also, the organisation of expert 
workshops and summer school training activities about specific topics to improve the 
statistical tools and methods will be a key target. 
In addition, the futuring programme of InGRID will specifically investigate the 
development and feasibility of a web-based knowledge management system. Based on 
the experience gained through the development and operation of the research 
infrastructure a feasibility study is conducted on how to employ internet based social 
networking technologies to collaborate and share knowledge between scientists. 
 
3. InGRID project 
 
The goal of the InGRID project is to integrate existing data infrastructures within social 
sciences to create European added value. This focus on integration can be seen on 
different levels within the project: within each pillar at a cross-country level, but also 
across the different pillars. Therefore, several interdependencies can be found within the 
project structure. To create and ensure added value of the project, the aim is also to create 
a two way impact process with the wider scientific community and community of 
interest. Therefore constant and specific attention will be given throughout the InGRID 
project to the dissemination of project activities and progress towards both the scientific 
community as the broader public of stakeholders.  
 
3.1 Added value through integration 
 
Since decades, the establishment of European Research Areas is a key goal of the 
European research policy. Longstanding collaboration between the expert institutes 
throughout Europe is already established. These expert institutes and researchers are now 
brought together in a new consortium with the aim of making a qualitative leap to a more 
integrated European Research Area and to open this area more to the broader scientific 
community.  
A first key impact of InGRID is its contribution to addressing the strategic gaps and 
missing infrastructure links in knowledge, data, methods, indicators and tools which are 
necessary to enhance the coherence and integration of the respective European Research 



Areas. However, InGRID impacts in another and not less important way on the European 
Research Areas which address the topics of the call. Overall, there is still room for 
improving the cross-fertilisation between expert institutes specialised in different 
research areas covered by the call. InGRID does not only better co-ordinate, structure and 
integrate the respective research infrastructures but also provides links between the 
different related research communities. A better measurement and understanding of the 
needs of vulnerable groups is the common and shared expected impact in this integrated 
research infrastructure.  
The different bodies in InGRID’s organisational structure systemise interaction and 
coordinate efforts and outcomes in view of the future and sustainable development of the 
research infrastructure at hand. Furthermore, a better integration and cross-fertilisation 
between the different research areas is achieved by setting up a system of research visits 
by which both junior and senior researchers are encouraged to interconnect with and 
learn from closely related research areas.  
The very meaning and strategic orientations of evolving towards the European Research 
Area have another dimension: creating European added value. Realising European added 
value in InGRID is innovative because it brings together in a new and synergetic way the 
EU diversity of capabilities, infrastructures and bodies of knowledge and research 
practices. In InGRID major impact with respect to European added value is first and 
foremost achieved through the strengthening of advanced comparative research. Here 
strategic harmonisation is a key word.  
In order to achieve this aim towards integration, InGRID consists of several components 
which are interdependent, as shown in figure 1. This scheme represents the process flow 
of mutual learning/networking in the project. Mutual learning activities around the 
distributed infrastructure of data competence centres are organised that reach out to the 
community of researchers engaged in European research on poverty and living conditions 
and working conditions and vulnerability. The cycle of visit access grants, training and 
learning and publications are the instruments to reach this goal. A basic web-based 
knowledge exchange portal supports this process. 
 



 

Figure1 Process flow of mutual learning in the research infrastructure network 

 
3.2 Dissemination and Outreach Activities  
 
To ensure the dissemination of the project results and the transfer of knowledge outside 
the partnership, InGRID contains a number of dissemination activities and channels, 
which are built into the project structure. Specific attention is dedicated to the creation of 
a research infrastructure forum and to dissemination and outreach. In addition, the very 
nature of the transnational access to data centres and data competence centres as well as 
the intensive mutual exchange learning programmes also attract a broad range of 
participants, both scientists and stakeholders, beyond the InGRID consortium. The 
activities and outcome of the project are tailored to the anticipated needs and interests of 
the different research audiences. These include the scientific community directly 
interested to participate in the research infrastructure, the broader scientific community 
within and beyond the EU and EU and national policy-making actors and bodies. 
The dissemination and outreach strategy consists of four different and complementing 
types of communication and dissemination channels.  
1. Electronic means and tools: the creation of a project website with a knowledge 

management portal which can function as a scientific gateway. 
2. Existing and new networks of scientists and community-of-interest. 
3. Events and exchanges: The summer school training events the expert learning 

workshops are targeted to the wider related scientific community and the 
interested community-of-practice. 



4. Project materials and publications: A half yearly electronic newsletter with 
information about InGRID and related work is distributed. Further, all partners 
produce papers, poster sessions and workshops at relevant scientific conferences. 

As it is crucial for the research infrastructure to be developed beyond the scope and 
duration of the project, channels for strategic thinking on the future research 
infrastructure in Europe on poverty, working conditions and vulnerability are build in the 
project. This strategic futuring plan includes the production of a range of ‘future briefing 
notes’ which are developed in close cooperation with the stakeholder community-of-
interest. 
 
4. Work plan 
 
InGRID is a 4-year project which organises, runs, diffuses and innovates the integration 
of key existing distributed research infrastructure that serves European and international 
research in the fields of poverty, working life, including safety and health at work, and 
living conditions. For these purposes InGRID involves 17 partners (details in the annex) 
contributing to 23 different activities. Jointly, these generate an integrated and reinforcing 
cycle of mutual learning and knowledge-sharing, data access and technical innovation of 
the research infrastructures in the respective fields. 
The InGRID project starts February 1st, 2013. All activities run during the four years of 
the project. However, several deliverables and milestones are expected at certain points 
during the project.  
Regarding the transnational access to data infrastructures, calls will be done three times a 
year. Each call is followed by a decision of the selection panel, three months later. Expert 
workshops and summer schools within each pillar will be organised on a more or less 
annual basis. Calls for contributions will be spread six months before these events. 
Proceedings of the events follow after each event, thus also annually. Also annually, 
futuring notes will be published and a newsletter is made on a bi-annual basis. Further, 
meetings with organising and coordinating bodies are planned once or twice a year.  
For the joint research activities within the four pillars, the time frame is less systematic. 
Most deliverables will be published during the last year of the project. However, the 
milestones leading towards these deliverables are spread across the whole project time 
span.  
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Abstract 
 
Budget cuts and decreased resource availability throughout NASS have created an urgent need to 
streamline data collection processes and to create a vehicle for remote electronic management of field 
enumerative staff and data flow. Augmenting the NASS data collection strategy with a CAPI process 
offers many opportunities for staff and cost efficiencies, and provides a way to streamline data collection 
activities.  A unique solution was required to meet the challenges of providing security measures to 
safeguard data, to mitigate the risk of broadband signal fluctuation, and to deploy a tool that engaged 
older enumerators who were not technologically astute or computer savvy. The paper describes the 
development and deployment of a revolutionary CAPI system that leverages private cloud technology 
and broadband transmission and uses Apple iPads as the data entry device without storing any data on the 
tablet hard drive. The CAPI tablet has opened the door to endless possibilities for cloud based 
opportunities using text, audio, and geospatial input limited only by vision, resource, and budget 
constraints.  
 
1. Introduction  
 
The paper describes the development and deployment of a revolutionary Computer Assisted Personal 
Interview (CAPI) system that leverages private cloud technology, broadband transmission, and use of 
Apple iPads for data entry without storing data on the iPad hard drive. A unique solution was required to 
meet the challenges of providing security measures to safeguard data, to mitigate risk of broadband signal 
fluctuation, and to deploy a data entry device that engaged older enumerators who were not 
technologically astute or computer savvy. This innovative solution designed to meet NASS’ needs has 
opened the door to endless cloud-based opportunities to use text, audio, and geospatial input limited only 
by vision, resource, and budget constraints.  
  
2. History and Research Timeline 
  
The National Agricultural Statistics Service is the primary agricultural survey data collection and 
dissemination arm within the government. Its mission focuses on providing timely, accurate, and useful 
statistics in service to United States agriculture. Statistical information from approximately 400 reports 
are provided annually on acreage, production, stocks, prices, income, the environment, conservation, 
demographics, and other related agricultural sectors. Publications and statistical products must reflect 
efficiency, effectiveness, integrity, objectivity, impartiality, utility, and confidentiality. 
  
NASS utilizes various methods to collect survey data:  mail, telephone, personal interview, and self-
administered Web instruments. With declining budgets and increasing data collection costs, NASS 
continues to pursue innovative ways to leverage technology to collect data more efficiently and 
effectively.  NASS has researched possible CAPI solutions for several years but, technology costs and the 
lack of efficient methods to transmit data in a timely manner prohibited the addition of CAPI processes to 
NASS’ data collection strategy.   
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In March 2009, NASS once again investigated possible solutions for a CAPI process. A preliminary 
recommendation was proposed to deploy Lenovo netbooks to field enumerators as data entry devices, 
utilizing broadband air cards for data transmission. The proposal leveraged the use of an “in-house”-
developed system, NASS Electronic Data Repository (EDR). This system was developed to provide Web 
access to respondents for self-administered questionnaires. EDR resides in a private cloud environment 
and is used as a data transmission portal for survey information data flow to and from 
respondents/enumerators and NASS. Survey questions are electronically selected from another in-house 
developed system, the Questionnaire Repository System (QRS). QRS assembles the questionnaire and 
publishes it to the EDR system, rendering a HTML version of the questionnaire to the EDR website. 
  
 In November 2009 the decision was made to move forward with a CAPI initiative.  A CAPI project 
manager was named and a team was formed to prove the concept for the CAPI initiative and, if feasible, 
implement CAPI in all states by October 2014. The objective was to implement in a cost neutral manner 
with an expected return on investment (ROI) of 3-5 years.  
  
Adding the CAPI method of data collection offers many opportunities for staff and data efficiencies as 
well as the benefit of an electronic field data collection program. However, NASS had to develop a 
unique solution to address three key challenges: having the necessary security measures to safeguard 
data, mitigating the risk of broadband signal fluctuation, and meeting the needs of its enumerators, who 
are largely retirees with an agriculture background and typically not computer savvy.   
  
3. Pilot to Implementation 
  
The CAPI project was designed to move through four phases: Proof of Concept – Fiscal Year (FY) 2010, 
Pilot Program – FY 2011, Implementation – FYs 2012-2013, and Closeout – FY 2013.  
 
3.1 Proof of Concept – Fiscal Year 2010 – In FY 2010, a risk and opportunity analysis and business 

case was developed. Testing, training, and data collection in two states using netbooks and aircards 
proved the CAPI concept but the revealed the tools were less than optimum. NASS researched, 
tested and then incorporated Apple iPads for data entry and personal hotspot WiFi devices for data 
transmission. This created a user friendly, minimal-learning-curve solution. Ajax technology was 
incorporated to mitigate signal fluctuation and loss. This solution proved effective but required 
rewriting the EDR system to incorporate Ajax technology. The proof of concept phase was 
completed in FY 2010 with approval given to conduct a pilot in FY 2011.  

3.2 Pilot Program – Fiscal Year 2011 – The primary goal of the FY 2011 pilot phase was to complete 
testing of major survey instruments in the CAPI/EDR system and to expand the scope to include 
eight field offices. A major efficiency was gained by redesigning the training program from 24 to 
12 hours and maximizing the use of video teleconferencing. The training workshops integrated the 
ROPES1 Lesson Plan Model, which focused on five training steps – Relate, Overview, Present, 
Exercise, and Summarize. This method helped engage the NASS enumerators. WiFi devices were 
replaced with new iPad2 Apple technology, which incorporated a built-in 3G device. Cost and time 
requirements met projections and goals. 

3.3 Implementation – Fiscal Years 2012-2013 – A significant step was taken in FY 2012 with the 
goal of implementing CAPI in 46 states by December 2012, one year ahead of schedule. Training 
programs were refined again to adjust for the New Apple iPad and Apple Operating System (AOS) 
as well as 4G technology. Advancements were made to incorporate centralized processes associated 
with the agency initiatives. Survey data collection expanded to more than 1,700 iPads 
encompassing over 3,000 survey questionnaires. The initial implementation hardware costs were 
offset by reduced costs for postage, printing, and data entry time. A project management Project 
Evaluation and Review Technique (PERT) analysis showed return on investment projections once 
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CAPI is fully implemented of more than $3 million annually, based on staff hour savings, not 
including printing or postage. Project completion goals were on target.  

3.4 Closeout – Fiscal Year 2013 – Completion of the implementation phase will be followed by a 
closeout evaluation of the initiative. This assessment will include establishing the future operational 
framework for the CAPI program. As the project evolved, numerous changes have been made in 
the technical and resource requirements. Policies for training, equipment, security, quality, and cost 
assessment factors need to be developed and implemented as the program continues to develop and 
mature. Cost savings measures, data collection procedures, and metrics for success will be 
enhanced and refined. Finally, a Lessons Learned document coupled with recommendations for 
improvement will be written. FY 2013 will usher in the opportunity to further streamline, enhance, 
and develop CAPI processes.  

       
4. Initial Challenges 
  
Research and testing had established a valuable platform to re-evaluate and initiate the CAPI project. 
Technology advances made it feasible to initiate the project but not without numerous challenges. 
 
4.1 Technology – The original recommendation based on Lenova netbooks and aircards was less than 

optimum. End-users (enumerators) tested the netbooks and determined they were too heavy to hold 
for long periods, battery life was limited to 4 hours, enumerators experienced acute difficulty in 
manoeuvring through the survey instruments using a mouse pad, and the netbook graphics were not 
sufficient for use outdoors in sunlight. In addition, the aircards proposed for data transmission 
overheated, did not hold a signal for long periods, and, because they protruded from the side of the 
netbook, were easily broken.  

4.2 Fluctuation of signal for broadband transmission – Signal stability during an 8-hour work day 
was a major issue. Research and on-the-job testing showed a broadband signal was present at some 
point during the day but was inconsistent. A variety of issues caused signal fluctuation including, 
trees, topography, power lines, and location of the interview site.  

4.3 The original EDR system – This software was developed for respondents to use from a home 
computer and was designed to work across all platforms and methods of data transmission. 
Downloading questionnaires proved to be extremely slow. Enumerators found this to be a 
significant challenge as multiple questionnaires needed to be downloaded in a short amount of time. 

4.4 Security – A major requirement was to meet all security concerns both at NASS and at the 
Department of Agriculture level. Federal mandates had to be addressed. NASS was the first federal 
agency to put iPads into production and one of the first federal agencies to adopt private cloud-type 
technology. This meant testing and developing procedures which were undefined. The final 
solution had to address all aspects of security and ensure the data were protected during collection 
and transmission. The CAPI/EDR system could not be located behind a secure firewall since it had 
to be public facing for access by enumerators who are not federal employees.  

4.5 Budget – The project was slated to be cost neutral, which restricted the funds available to spend on 
the devices and later the implementation plan. Budget constraints drove several key decisions as 
outlined below in the Initial Solutions section, paragraph 5.5.  

4.6 Resistance to change – CAPI was not a new concept to NASS. Since the 1980s, NASS had 
researched and tested several options. The difficulties encountered in previous efforts tended to bias 
against acceptance of any CAPI solution. Personalities and business culture at NASS resisted 
altering a business process that had worked for a hundred years. Change required moving away 
from well-known and defined processes—and adding CAPI to the data collection toolset promised 
radical changes. Resistance from the enumerators was based on fear of the unknown and 
apprehension regarding their ability to perform the necessary functions with a computerized device. 
The typical demographic of an enumerator is a retiree with an agriculture background and limited 
experience with information technology. Lastly, there was concern whether respondents would 
accept the computerized data entry method.  
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4.7 Training program  – The training program was a key component to the successful implementation 
of CAPI. The program needed to be flexible and able to address changes when they occurred. The 
program also had to be engaging and incorporate training methods appealing to adults. In addition, 
budget constraints and restricted resources put the training program on a very tight time schedule 
and limited the number of attendees. Finally, the training program had to be standardized to address 
quality concerns.  

 
5. Initial Solutions 
 
Sound business management principles were used to address major programmatic problems. Innovation, 
vision, and determination ultimately produced viable and functional solutions. 
 
5.1 Business Case – A formal document was created and presented to senior management to address 

NASS's unique requirements for the data entry and data transmission devices. Extensive research 
and testing of devices both within the agency and with field enumerators was conducted over 
several months. Devices tested included convertible netbooks, laptops, and tablet type devices but 
the Apple iPad was the only device that met all technical, ease-of-use, and cost requirements. 
Personal hotspots from Sprint and Verizon were selected for data transmission. From the beginning, 
Apple, the broadband providers, and the equipment vendor, worked closely with NASS to 
overcome incompatibility problems and other issues that surfaced throughout implementation. 
NASS incorporated new iterations of iPads as they evolved, including the current solution with 
3G/4G built into the device; strong business relationships helped to ensure the success of each 
technical upgrade. Flexibility was built into the solution so that each part of the CAPI solution 
could be easily replaced to incorporate new and improved technology or processes. The CAPI team 
continues to research and test emerging technologies looking for additional savings and innovative 
solutions for continuous improvement to the CAPI process.   

5.2 Fluctuation in the broadband transmission signal – Mitigating signal problems required a two-
step solution. First, enumerators have to download survey questionnaires into an open browser 
window on the iPad when a strong data signal is present. This download normally takes place at the 
enumerator’s residence or at a location during the day with a strong signal. Second, to facilitate the 
transmission of data, Ajax technology was attached to every item cell box where data is entered. 
Ajax constantly sends out a transmission request to locate a data signal. Once the data is entered, 
Ajax searches for a signal and immediately transmits the data when a signal is found. The 
transmission only requires a few seconds. The open browser window is closed once the data for the 
entire questionnaire has been transmitted by Ajax. This solution is significant in that it 
allows NASS to conduct surveys as though on the Internet whether a broadband signal is present or 
not. The use of browser windows and Ajax enables the enumerator to go to the next interview and 
enter data whether previous survey data has been transmitted or not. As needed, the operational 
memory or RAM of the iPad is used but without storing data on the hard drive of the device. 

5.3 The original EDR system – Slowness in downloading questionnaires on the EDR system was 
resolved through caching the questionnaires in memory, increased transmission speed using the 
personal hot spots, and later 3G/4G, and incorporating Ajax into the code. To take full advantage of 
these technologies, NASS optimized and rewrote much of the EDR system code.  

5.4 Security – NASS, which did not have the resources to facilitate and manage security passes (HSPD 
12 Linc passes) for over 3,000 non-federal enumerators, had some unique security concerns. An 
innovative solution was needed that did not require admittance to systems behind the NASS 
firewall or require NASS to store information on the devices’ hard drive. The solution was to 
leverage cloud-type technology to use a private cloud with public access. A number of measures 
were put in place to further address security concerns. First, secure socket layer protection was 
incorporated into the EDR site. Extensive testing by an outside firm revealed the EDR cloud could 
not be penetrated and garnered an AA rating for penetration tests. Secondly, NASS modified the 
iPad settings to introduce a complicated password, device lockdown for application downloads and 
cookie installation. Lock-down processes were also put in place for several non-use icons that store 
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information on the hard drive, such as the mail icon, Facetime, Notes, and the calendar. As an 
additional measure, NASS developed a system to test userids, passwords, and user keys for 
authenticity in order to access any data in the EDR cloud. Four levels of security are validated prior 
to any download of survey questionnaires or any access to data. Finally, every user was required to 
take security training and a test to reinforce security measures, with signed paperwork stored in 
their personnel file on proper usage of the iPad before receiving an iPad.  

5.5 Budget mitigation measures – Budget constraints played a major role in several key decisions. 
The first decision was to implement a data entry device with a budget level of $1,000 or less. The 
training program was refined and streamlined from 24 hours to 12 hours with implementation on a 
regional basis to save training and travel dollars. The last key decision was to forgo replacement 
insurance on the iPads. Using project management analysis, it was determined the projected 
replacement cost of 25 percent was more cost effective than an annual insurance cost of $100 per 
unit. 

5.6 Resistance to change – This initial challenge was both expected and difficult to address. The 
solution was to adopt a strong marketing plan to gain “buy in” at all levels. Numerous presentations 
focusing on benefits were given at workshops for enumerators and management workshops for 
NASS personnel. The internal NASS “newspaper” published several articles outlining the benefits 
and efficiencies to be gained from the CAPI project. Successes and ongoing plans regarding the 
project were communicated on a regular basis. Enthusiasm was generated at the department level 
through blogs, webinars and published magazine articles. Positive feedback and endorsement by 
senior management as well as the department was shared with all NASS staff and the enumerators. 
Extensive testing was done in the field with office staff and enumerators to address their concerns 
and to ensure that the solution would address their needs. They were given credit for participating 
and their suggestions and feedback were implemented into the solution. A general feeling of 
ownership was cultivated among the enumerators, field office staff, and CAPI team. Even the 
vendors were treated as part of the team. This feeling of ownership contributed widely to the 
initiative’s success. Generally, those who came in contact with the CAPI solution had a genuine 
desire to see it succeed. Overall response from respondents was enthusiastic and very positive. 
Minimal effort for “buy in” from respondents was required. 

5.7 Training program  – CAPI team travelled to each state and trained a core group of enumerators 
and 2-3 field office staff on CAPI procedures through a standardized training program. The 
workshop incorporated the ROPES1 Lesson Plan Model to maximize training comprehension and 
understanding. The workshop consisted of a variety of training styles including presentations, 
storytelling, hands on practice exercises, and mock interviews. Once the training was completed, 
the field office was responsible for training remaining enumerators and any future enumerators on 
CAPI, utilizing the core group of enumerators as resources. Training materials were made available 
to each field office, although standardizing the materials proved somewhat problematic as they 
needed to change as technology and enhancement changes were incorporated within the CAPI 
solution. This train the trainer or transference approach did reduce the quality and consistency of 
the training program somewhat. The preferred method to ensure quality and consistency was to 
have one or two teams train all enumerators, but this was not feasible, due to budget constraints and 
time limitations. As conducted, the training program was a compromise of the standard train-the-
trainer approach. It provided quality and consistency to a large part of the resource base in each 
field location. The training program was extensively tested and streamlined through trial and error 
and feedback from enumerators and pilot states over an 18-month period. The original three-day 
workshop was cut in half due to budget limitations. The current training program incorporated most 
known methods of learning and was incredibly effective considering the time constraint of 12 
hours. Feedback from each workshop indicated enumerators felt rushed and did not have enough 
practice time. To address this need, a separate training site was created enabling enumerators to 
access surveys for practice at all times..  Enumerators were given a 4-6 month transition time to 
move from conducting survey interviews using paper questionnaires to conducting the interviews 
using iPads. This policy was communicated in training workshops and reflected in the training 
manual. Feedback from field offices and questions reflected a need for improved knowledge of the 
EDR system and also some legacy system components. The CAPI team developed a video 
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teleconferencing training program for the field offices to address these issues. Overall training 
feedback was extremely positive from field offices and enumerators.  

 
6. Current Challenges 

 
As with all change, challenges continue. Some challenges result from solutions implemented to mitigate 
initial challenges; some are issues that continue throughout the project life cycle. The CAPI team 
continues to maintain fluidity and flexibility to address new issues and opportunities as they arise.  
 
6.1 Budget – Budget constraints are a constant. NASS and other federal agencies strive for innovation 

while maintaining sufficient funds for operations. The team continues to monitor technology for 
cost efficiencies and time-saving features.  

6.2 Technology – NASS continues to replace older iPads with new iterations or models. This policy 
has led to some unique challenges involving incompatibility issues with broadband providers and a 
lack of ready inventory for purchasing. The accelerated project timeline to implement all states a 
full year ahead of the original timeline constrains testing of new technology and puts NASS in a 
reactive position instead of a proactive position. Testing new development enhancements and 
working closely with vendors is required to address incompatibility and inventory concerns. 

6.3 Training program  – The training program continues to require streamlining and updating to 
address new technology upgrades and enhancements to the EDR system. As new processes are 
added, updated training and information must be provided to previously implemented states. 
Documentation memos and publication to the NASS Intranet are the main methods for 
communicating updates. The team continues to address various inconsistencies that arise from 
training since workshops were conducted with multiple training teams, which affected quality and 
consistency. Even though training materials were standardized and train-the-trainer techniques were 
used, some differences continue to surface based on personalities and training techniques of the 
training team. 

6.4 Limited resources – The CAPI team consists of four full-time staff positions and five part-time 
positions, supplemented as needed by specialized NASS personnel. The accelerated timeline 
created some challenges for conducting workshops with the limited staff resources available. At 
times development enhancements were postponed and on occasion management resources were 
used as trainers to help support the workshops. Field office staff also provided assistance during 
hands on exercises. In addition, competing priorities for the same development resources continue 
to be an issue as necessary enhancements and “fixes” to CAPI survey instruments and the 
CAPI/EDR system are sometimes delayed due to resource constraints. 

6.5 Integration of data with legacy systems – Many of the legacy systems at NASS are in the process 
of being updated or centralized. Once all the new systems are in production, there will be a 
seamless transmission of data from CAPI processes to other systems used for survey management, 
editing, analysis, and summarization. Many systems in development and/or testing require the same 
resources as the CAPI project. Since CAPI is in a production environment, there is a time lapse 
where the old legacy systems are still in use. The CAPI team has been innovative in creating 
workarounds to integrate the data from EDR with the legacy systems. However, the development of 
these workarounds compromises resource availability to work on future development and 
enhancements for the CAPI solution. In time, the project timelines will mesh and this particular 
issue will be resolved.  

6.6 Project deployment – The project was deployed in phases using Lean Six Sigma project 
management principles. This concept allowed for continuous improvement of the CAPI process and 
for testing the survey instruments in the CAPI/EDR system through data collection activities. Each 
phase built upon the successes and feedback of the previous phase. Testing more than 3,000 NASS 
survey instruments in the CAPI/EDR system prior to implementation would have delayed the 
project indefinitely. An innovative approach of using the field enumerators and field offices to test 
survey instruments allowed CAPI implementation to move forward and to accelerate the project 
plan. However, this method is not without drawbacks. The concept met some resistance as NASS 
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historically tests and validates processes before putting them into production. Time is proving the 
effectiveness of this approach combined with training that reinforces testing of the instruments. A 
full-time staff position was established to help mitigate the testing issue for the major functions of 
the survey instruments. Attempting to address both implementation and production issues, as they 
surface, remains a challenge.    

6.7 Infrastructure instability  – Implementing technology for the CAPI solution continues to raise 
novel problems. There are no established benchmark tests for server functionality/capability that 
address the innovative solution put in place. Consequently, as more users are added, server issues 
continue to increase exponentially, creating an unstable server environment. A load balancer and 
additional memory were added to the core solution to address connection and data transmission 
requests. However, configuration errors, server hardware malfunctions, and issues with timeouts 
and slowness continue to cloud the CAPI process. This instability is compromising CAPI staff 
resources that ingeniously create and implement workarounds for production server issues. New 
servers are being installed to increase the CPU capability by 12 times the current solution. Load 
balancing is being distributed over five servers instead of two. Projections through robotic tests 
show this solution should resolve all issues with the current portfolio of available surveys but the 
addition of more complex surveys and additional users may require additional hardware 
improvements.  

6.8 Scope creep – The enthusiasm and successes of the CAPI team and project are two sided. The 
demand for additional CAPI features continues to increase as the project moves through 
implementation. The team’s creativity, innovation, customer service orientation, and willingness to 
address suggestions and improvements led to developing numerous features and workarounds to 
facilitate data flow and provide automated processes for cost and time efficiencies that were outside 
the scope of the original project. In addition, new projects are under way that must interface with 
the CAPI structure and require the expertise of the CAPI team. Although exciting and of great 
value to NASS, these new projects and demands strain resources that are already severely limited 
due to the accelerated project plan. This amplifies the challenges the project is experiencing and the 
constraint of sharing resources with other efficiency initiatives at NASS.  

6.9 Assimilation into the organizational structure – The inclusion of CAPI procedures into the data 
collection toolset has revolutionized data collection at NASS. Policy changes to address survey 
coordination, respondent burden, and survey procedural changes are required to fully realize the 
efficiencies to be gained. These policy changes take time and require collaboration with other 
organizational units. Policy regarding testing, production, and deployment have not been finalized, 
which increases risk with regard to security, standardization of training, and miscommunication of 
applications available to enumerators on the iPad. These issues and concerns continue to evolve and 
develop over time as CAPI processes become standardized and more opportunities for efficiencies 
are discovered. A recommendation to create a new organizational structure for CAPI has been 
proposed to senior management. The project reaches completion once implementation and closeout 
documentation occurs. The CAPI processes will then transition into a CAPI program for future 
development and expansion that includes large, complex surveys not currently available, policies 
and standards, and exploration of opportunities for new efficiencies.  

 
7. Program Efficiencies and Opportunities 
 
The improvement and gains seen in data collection methods and survey processes have been significant 
during the developmental and early implementation stages of CAPI. As the project matures and 
technology advances, greater cost savings and efficiencies will be realized. In these early phases of CAPI 
development and implementation, NASS realized benefits in eight areas.  
 
7.1 Time – This variable is at the center of every survey process, often restricting the survey 

administrator’s ability to change or maximize benefits and control cost variables during the data 
collection process. The CAPI vehicle provides a structure to monitor data collection variables and 
introduce appropriate changes for positive outcomes since data are available for review within 
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hours. Field enumerators enter respondent data at the point of interview. If the interviewer chooses 
not to do this due to respondent or survey constraints there is still flexibility to input data off site on 
the same day. If needed, paper can remain the fall back in special situations. Access to live data 
allows for flexibility in managing survey workloads, immediate evaluation and review of data, 
opportunity for data verification, and if needed follow-up and ultimately an increase in response 
rates and accurate estimates.  

7.2 Cost – Budget constraints and reduced resource availability served as the NASS initiative for 
implementing CAPI processes. Streamlining processes and lowering data collection expenses were 
tied directly to the CAPI initiative with an aggressive goal of returning a positive return on 
investment within three to four years of full implementation. Full implementation will be achieved 
nine months early. Immediate printing and postage savings were seen during the pilot and 
implementation phases as additional surveys were administered under CAPI and the number of 
states expanded. A sizable savings was also achieved by eliminating the need for external 
contracted data entry support. Projected benefits were also realized in staff time savings associated 
with pre-survey administrative functions, survey check-in, paper editing, data keying, and post 
survey tasks. A PERT (Project Management Model) completed in 2011, which evaluated only time 
savings associated with 12 major surveys, projected a cost savings of approximately $3.2 million 
annually, once all states were implemented. The analysis results were conservative as it did not 
reflect paper, printing, postage, and survey savings for surveys beyond the 12 evaluated as well as 
large enumerated surveys that will be included in the future. 

7.3 Quality  – Opportunities to monitor, evaluate, and establish quality assurance parameters and 
matrices using CAPI have been initiated. As will be explained later, CAPI opens a tremendous 
resource avenue. Preliminary development assessments have reflected that the use of iPads for 
immediate data entry results in fewer errors and more consistent data. A minimal number of edit 
checks have been used to date as the primary emphasis has been on expanding the number of states 
using CAPI. Response rates have increased, due in part to the extended number of days available 
for enumeration.  Development of quality assurance measures involving CAPI opens a rich field of 
exploration with current results reflecting many viable and positive outcomes. The CAPI project 
incorporates both project management and Lean Six Sigma principles. 

7.4 Communication – The success or failure of programs, projects, and survey data collection 
strategies depends on immediate access and availability of accurate communication. CAPI serves as 
an excellent vehicle for enhancing and broadening this connectivity. The CAPI solution functions 
as a communication hub between field enumerators, supervisors, regional offices, data collection 
centers, and when needed headquarters.  

7.5 Access to respondent information can be obtained as soon as the interview is complete. 
Respondents will be able to see the latest reports on the NASS website during the interview. Most 
communication boundaries and limitations have been removed with the flexibility, accessibility, 
and timely flow of information now available using the CAPI structure. 

7.6 Administration – Electronic access to administrative and respondent data provides management 
with the flexibility and opportunity to monitor and control survey processes as they occur. Field 
assignments are electronically sent to supervisors and enumerators. Supervisors can adjust and shift 
assignments and monitor enumerator progress electronically. Benchmark modifications can be 
made as the survey progresses relative to time, quality, and performance. Field work can readily be 
shifted to different data collection modes. Administrative time, mileage, and related expenses are 
electronically recorded by the field enumerator using a private Web site. No information is stored 
on the iPad. Immediate access to both the administrative and survey data allows for real time and 
quality metrics assessment. Management has the opportunity and flexibility to make strategic data 
collection and survey changes as needed to meet cost, efficiency, and quality goals. 

7.7 Program Initiatives –The CAPI initiative was a driver for the effective implementation of 
efficiency initiatives established in November 2009.  
• Each of these program enhancements blend with plans to restructure NASS’s headquarters and 46 
field offices. The objective was to streamline survey and estimation functions and provide 
consistent, repeatable, quality-based outcomes. Success of the restructuring and downsizing effort 
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depended extensively on the successful completion and integration of five initiatives, including the 
CAPI initiative.  
• CAPI was also an integral factor in establishing a structure that reaps the benefits of a centralized 
data collection and processing system. Flexibility and functionality of the iPad served as the 
catalyst for developing a solution that successfully marries current technology with the NASS 
operational program. 

7.8 Data Flow Efficiency – A fully functioning centralized environment, the result of the five 
initiatives, provides the venue for maximizing the benefits of an efficient survey processing data 
flow. The centralized survey management system incorporates numerous applications/databases 
across NASS to integrate survey specifications, sampling, data collection, processing, and output 
systems. CAPI links to these functions providing the required technology and connectivity to 
deliver survey data in a timely, cost efficient, and quality controlled manner.  

7.9 Research Opportunities – Quality and Time Efficiencies. CAPI-related research plans have been 
established to enhance and strengthen the NASS data collection program. Initial research efforts 
will focus on broadening the functionality of the iPad and exploring ways to strengthen statistical 
survey data collection protocols related to response rates and quality assurance.       

 
8. Future Components and Vision 
 
The scope and capacity for using CAPI to strengthen, manage, and develop the survey framework 
continues to expand. With CAPI fully implemented, NASS will focus resources in FY 2013 on 
opportunities to increase its scope to large complex surveys while exploring and developing components 
that integrate survey efficiency and quality.  
 
8.1 Complex Enumerative Surveys – A significant gain in survey effectiveness and efficiencies, with 

the inclusion of broad-based data input edits and cost control, will be realized with the inclusion of 
complex surveys. In FY2013 complex enumerative surveys will be developed that extend to more 
than 40 pages, involve tables, and cross reference items. The implementation phase focused on 
simple surveys with a relatively straightforward question design, taking less than an hour to 
complete. NASS conducts several of these large surveys involving extensive coverage of 
production, environmental, chemical use, and economic assessment factors. The Census of 
Agriculture will also be available for field enumeration after other avenues, such as mail and 
telephone response, have been exhausted. Significant cost savings will be generated from reduced 
paper, printing, editing and data entry time.  

8.2 Objective Measurement and Yield Surveys – Specialized survey work that involves conducting 
field observations of crop progress and production are performed for several commodities both for 
national and state-specific programs. Paperless entry of on-site observed measurements and counts 
will be recorded and immediately transmitted to the regional field office.  

8.3 Geospatial – Linking sample information with related maps or geo-reference points will open the 
door to several survey efficiency opportunities. Survey specifications will require locating and 
identifying field samples on a map, drawing boundaries, and collecting data associated with the 
sample.  

8.4 Survey Management – Administrators have typically had limited flexibility in making changes to 
the course of remote date collection. Current, up-to-the-minute knowledge is lacking relative to 
survey progress, sample completions, assignment adjustments, and most notably costs. CAPI 
removes these limitations. No longer will survey administrators have to rely strictly on benchmark 
and interim reports provided periodically during the survey cycle. Everyone along the data 
collection chain will have consistent and current information on the full status of the survey. 
Quality reviews of reported data, survey workload adjustments, and cost analysis can be done in 
real time. The CAPI solution is a powerful tool providing comprehensive centralized survey 
management tracking and control functionality. 

8.5 Time & Attendance (T&A) – Enumerators will use the iPad to record time, mileage, expense, and 
survey sample related information on a daily basis. Cost and expenditure matrices will be in place 
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to monitor survey performance. Flexibility will exist to adjust and adapt programs proactively to 
changing budgets, response rates, survey design, and other factors.             

8.6 Training Resources – CAPI will greatly expand and enhance training opportunities and 
communication with field staff. Materials will be available online virtually eliminating paper 
documents. As program changes develop or need to be updated, they will be pushed immediately to 
all office and field staff. At some point, a question tab may be associated with each survey cell 
within a questionnaire, allowing field staff to review related instructions and background 
information during an interview, thus positively affecting data quality. 

8.7 Public Relations – Visual or sound bite material will be easily accessible using the CAPI structure 
to share directly with the target audience. Information will be tailored to the audience to have the 
greatest impact. Whether at a trade show, interview, or event, current point of contact information 
will be available. Improved response rates are expected as respondents recognize the survey 
benefits. 

8.8 Data Quality, Paradata, and Editing 
• CARI  – Computer Audio Recorded Interviews (CARI) saves sound files and screenshots for a 
sample of questions to be evaluated for quality assurance purposes. The iPad recording capability 
serves as a potential tool in the future to do interviewer evaluations, data quality assessments, 
evaluate question wording and placement, and aid as a training tool. 
• Adaptive Design – NASS is using paradata in probability county estimates data collection 
procedures. Responsive design methods are being established to (i) pre-identify a set of design 
features potentially affecting costs and errors of survey estimates, (ii) identify a set of indicators of 
the cost and error properties of those features and monitor those indicators in initial phases of data 
collection, (iii) alter the features of the survey in subsequent phases based on cost–error trade-off 
decision rules, and (iv) combine data from the separate design phases into a single estimator.  
• Propensity Scoring – NASS is developing a system to use paradata for managing field 
interviews. Nonresponse propensity scores will be used to identify highly likely nonrespondents 
before data collection begins. This will allow NASS to alter data collection procedures, target 
publicity materials and incentives, and adjust interviewer assignments to focus on nonresponse 
avoidance.  
• Editing  – CAPI provides an expanded opportunity to implement an edit repository system. Each 
cell would have the option of having associated edit parameters. A step further would consider the 
possible use of previously reported information, administrative data, and ancillary records in survey 
interviewing. Edits, skip patterns, and use of previously reported data will be incorporated as the 
CAPI survey process matures. The objective of increased accuracy and reduced respondent burden 
must be weighed against the potential for systematic reporting errors.  

8.9 Instantaneous Communication – Protocols and processes will be established that allow for direct 
communication among field staff, supervisors, and administrative staff. Security guidelines will 
need to be addressed to permit communication methods such as instant messaging and emailing.           

 
9. Conclusion 

 
Implementation of this innovative CAPI solution totally revolutionizes the NASS enumerative survey 
data collection framework. The cloud and iPad technologies streamline processes, reduce staff and 
ancillary resource requirements, and unlock an extensive array of visionary opportunities. Enhancements 
and advances are staged for future development, all within the scope of current cloud technology and 
agency security requirements. Collecting and transmitting data through the EDR via private cloud 
technology provides significant cost savings in printing, postage, and staff requirements sufficient to 
show a 3-4 year return on investment. Increased data quality, improved response rates, and more timely 
survey data are precursors to additional benefits of including complex surveys, electronic access to 
training and public relations material, survey administrative management, and data quality assessments. 
CAPI, leveraged with concurrent NASS initiatives to centralize systems and processes, provides endless 
cloud-based opportunities to use text, audio, and geospatial input. CAPI provides a functional 
infrastructure designed to flexibly adapt to future technology and NASS’s business needs.  
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Abstract 

 
Providing accurate and quick statistical figures is one of the fundamentals of statistical 
work and the period between data collection and data dissemination is of great 
significance for timeliness and relevancy as is the case when measuring the temperature 
of a human body. 
 
The introduction of technological tools into the business cycle of a survey provides cost 
savings and speed into the data collection, but also merges traditionally distinct stages 
(Data Collection and processing) into one. Such changes to the standard business cycle 
could threatens the quality of data unless the cycle is re-examined and scrutinized in a 
systematic manner to ensure the advantages brought by the technology are not defeated 
by lack of attention to the altered roles and responsibilities of assigned resources. 
This paper examines the experience of the Palestinian Central Bureau of Statistics in 
applying handheld devices in the data collection of consumer prices, producer, wholesale, 
construction costs and industrial indices. Change management was more challenging that 
the challenge of the new technology itself. Certain concepts in the standard business 
cycle are no longer valid as the case of operator versus system controlled data entry in the 
data processing stage.  
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Palestine in figures 
 

Indicator Year Value 

Population mid-year (Million) 2012 4.3   

Sex ratio 2012 103.2 

Media age 2012 19.2 

Life expectancy at birth: Males 2012 71.3 

Life expectancy at birth: Females  2012 74.1 

Population density (person/km2) 2012 713 

Unemployment Rate (15 years and over) 3rd quarter, 2012  24.3 

Literacy Rate (15 years and above) 2011 95.3 

Poverty rates among individuals 2011 25.8 

GDP per capita (US$) 2011 1,609.6 

% of individuals using computer (10 years) 2011 53.7 

 
 
Introduction 
 
The Palestinian Central Bureau of Sttaistics was established in 1993, as the Palestinian 
official Statistical Center (PCBS), with a mandate to collect and disseminate the 
Palestinian Official Statistics. The Bureau is supervised directly by the prime minister. 
The Bureau fundctions according the Palestinian statistical law for year 2000. It has 300 
permanent employees in addition to temporary ones who are working as data entry or 
enumerators. PCBS has implemneted major Projects like the computerizing first 
Palestinian voters register, conducting the population, housing and establishments census 
1997 and 2007, agriculture census 2010, in addition to hundreds of  surveys conducted in 
different fields. 
 
 
Direction of PCBS to invest in technology 
 
Since establishment, PCBS has taken strategic decision to benchmark practices that could 
potentially improve the production and dissemination of official statistics and technology 
was a subject of priority in this regard. Such direction has been largely justified by: 
 



• There has been growing number of experiences in the region in the utilization 
HHD in data collection of statistical data. Although some of these experiences 
were not as successful as was first thought of due to market and expertise 
limitations. 

• Local experiences in Palestine were mainly in private sector such as Electricity 
Company and projects supported by international organizations. 

• There is a positive assessment in the use of handheld devices (speed, quality of 
the data and save costs). 

• The technology of handheld devices is becoming more available in the local 
market but at largely varying prices depending on the technical specifications. In 
addition, more companies are offering maintenance and development services. 

• Increasing of software packages in global markets that support the development of 
applications for collection of statistical data using handheld devices. 

• Faster data collection and processing of surveys and census 
• Reduce time between data collection and dissemination of data 
• Positive impact on data quality providing adequate controls are embedded into the 

processes 
• Reduce running cost since coding and data entry are implemented by fieldworker 
• Keep up with new technological developments in the field of official statistics 
• Opportunity for employee development especially those in the data processing 

field  
• Reduce burden associated with managing paper questionnaires including shipment 

of questionnaire to and from the field as well as archiving of survey's documents  
 
The main reason for seeking to utilize HHD in data collection was to overcome obstacles 
associated with the transfer of paper questionnaires from the field to main office due to 
checkpoints  
 
 
Challenges in using HHD: 
 
During the introduction of the handheld devices into the different processes of surveys, 
PCBS has encountered many challenges some of which related to the country's 
infrastructure, organizational culture with respect to change, local market support and IT 
infrastructure at the Bureau. Specifically key challenges include: 
 

• Allocation of sufficient investment to fit the new technology into the computing 
environment in the Bureau including the main server, software, statistical 
databases. 

• Assessment of the direct impact on the functional structure in the collection and 
processing of data: integration of processes like  data collection and processing, 
integration of organizational structures as the collection and partial processing 
processes are shortened in one stage. 



• Resistance to change either from data collection staff (fieldworkers) or subject 
matter specialists. The changing of traditional work habits requires longer time 
and continuous support. 

• Varying reactions from respondents especially in rural areas to see their 
information being captured by "mysterious equipments" 

• Provision of adequate HHD that is available in the market in manageable prices 
• Availability of technical support to maintain equipments 
• Quality and reliability of data transfer services provided by mobile 

telecommunications companies 
 
 
 
 
Chronological steps adopted to utilize HHD in data collection 
 

Seq Year Implement 

1 2002 
Technical committee to study feasibility, opportunities and threats in using such 
technology on statistical activities 

2 2003 – 2005  
Market research to identify previous experiences at local level or regional level 
in using HHD either in private or public sector 

3 2006 Experiment using only one HHD in the CPI 

4 2009 
Provision of 45 HHD and experiment software development tools that enable the 
processing of surveys  

5 2010 
Piloting HHD on CPI and agriculture census pre-test 

6 2011 
Utilize HHD in the collection of CPI data using 25 HHD 

7 2012 
Testing HHD in LFS 

8 2013 
Application of HHD on 8 surveys  

 
 
Current setup for HHD at PCBS 
 

1. 45 Device  

2. Data sim for each device 

3. 8 survey using HHD in the field 

• consumer prices survey 

• product prices 



• construction costs 

• price index and industrial products 

• VAT forms 

• Labour Force Survey 

• Llocal Tourism Survey 

4. Same program for HHD and desktop   

5. Sever for data storage  

6. Backup daily, weekly and monthly  

7. Daily report program for project manager and field work directors  

8. Quality control reports 

9. Field work reports  

 
 
Impact of using HHD on statistical data collection 
 

Disadvantages/threats Advantages/opportunities Domain 
No more discrete cycles with clear 
responsibilities and independent unit 

Integration of core cycles into one: Data 
collection, field editing, coding, and data 
entry into one stage – data collection. Thus 
saving human resources, cost and overhead 

Project cycle 

Incorrect coding, roles and 
responsibilities of fieldwork coordinators/ 
function of re-interviewing 
 

Controls are embedded into the data 
collection application. Only consistent data 
is collected. 
No more handwriting ambiguity 

Data quality 

Integration of stages multiply sources of 
errors , lesser diversification of skills in 
core areas (interviewing, editing, coding, 
data entry) since all of these skills now 
expected from one person 

Integration of survey project cycle – lesser 
stages 

Project duration  

More training on technology. Threat that 
technology will take most of the attention 
rather than the technical matters related 
to the survey itself 

Job opportunity for newly university 
graduates who have good command of 
computer skills 

Fieldworkers 

Data quality/Need alternative controls No data entry staff, no office editing or 
coding staff 

Budget 

Transfer of data through third party 
(mobile company) 

Fewer people look at the data (fieldworker 
and subject matter specialists) 

Data security 

Not appropriate for one time short Continuous project like LFS and CPI or Relevancy 



surveys large projects like censuses 
Vulnerability of HHD to spoilage or 
breaking 

Reduce burden related to management of 
questionnaire and tracking of questionnaires 
among different stages  

Follow up 

Afraid of camera and misuse  Cooperation of 
respondents' 

 
 
Comparison between traditional and HHD data collection 
 

Seq Stage Traditional data collection Using HHD 

1 Preparation of 
questionnaire 

Enough time is prepare don designing 
paper questionnaire to ensure it fits 
well with written standards on 
questionnaire design 

Enough time is spent on designing data 
processing applications (data entry, 
reporting systems) 

2 
Preparing 
questionnaire 

Preparing program with editing and 
coding   

3 Filling in data   
Range and consistency checks as well as 
skips are applied on the data collection 
application 

4 Collecting data   
Data collections in HHD with consists 
checks and coding   

5 Editing of data   During data collection 

6 Data entry   During interview 

7 Coding   During interview 

8 Editing 
 Controls are applied to ensure 
captured data is consistent 

Controls are applied to ensure captured data 
is consistent 

9 Data cleaning  Run consists checks   In data collection 

10 Data Transfer 
Gather data into one database from 
local offices 

Data is transferred to main office directly 
from HHD to main server at main office 
using services of local mobile company 

11 Sending data Field offices and in production servers From the field 

12 Data storage 
In server with daily, weekly, monthly 
backup 

On main server with daily backup 

13 Backup 
  

 On devices 

 
 



Comparison between traditional and HHD data collection for PPI 
survey 
 

Paper   HHD 

Sseq Active 
No. 
employee Sstart End   Seq Active 

No. 
Employee Start End 

1 
data 
collection 22 1 10   1 

data 
collection 22 1 10 

2 editing 2 8 11             

3 data entry 4 10 15             

4 
data 
cleaning 2 15 22   2 

data 
cleaning 2 5 12 

5 reports 1   25   3 reports 1   13 
 

- Integration of project sycle (editing, coding, data entry, edit )  

- less employees 

- 12 Days save for reporting include data quality  

- Reduce expenses associated with data collection and processing  

- Integration of fieldworkers (one fieldworker responsible for different surveys) 

- Save More than 30% of the Budget 

- Reduce time estimated for data collection by one working week. 

 
 
 
 
 
 
 
 
 
 
 

 



 
Impact of introducing HHD on the traditional project cycle 

 
     HHD        Traditional 
 
 

 

 

 Questionnaire design 

Training 

Collecting Data  

Editing 

Coding 

Data Entry 

Data Editing 

Data Cleaning 

Final Report 
 

 

Questionnaire design 
 

Preparing Program 

Training 

Collecting Data  
 

Sending Data 
 

Data Cleaning 
 

Final Report 



Lessons learned 
 

1. Promote the technology within the organization 

2. Special plan to manage change on temporary employees (fieldworkers) and on 
subject matter specialists 

3. Selection of HHD and type of software to use to ensure risk is minimized 

4. Apply experiments on surveys that owners are risk takers to ensure willingness to 
learn and innovate 

5. Sufficient time to test the new technology on different type of surveys 

6. Empowerment of technical committee to ensure ownership of the project 

7. Always look at impact on traditional project cycle and provide solutions 

8. Special procedures to monitor data on daily basis to avoid surprises 

9. Documentation of experiences in the different processes 

10. Apply changes to regular training program of fieldworkers to allocate sufficient 
time to te issue of technology but not on the account of technical survey's 
technical matters. 
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Abstract 

Administrative data are used both in household statistics and in business statistics.2 The 
administrative data can be used in different ways in the statistical process: for example in an 
isolated process, for validation, for imputation or in a fully integrated production process. 
These different uses require different statistical methods.  
There are some structural differences between household and business statistics, mainly the 
nature of the statistical units, the skewedness of distributions and the character of the 
variables. These differences can also require different methods. In skewed distributions, for 
instance, the very large units will receive more attention in all phases of the statistical 
production process.  
A purpose of this paper is to analyse where the differences between household and business 
statistics have an impact on the methods and approaches required for the use of administrative 
data. The focus will be on a highly integrated environment, as this is the target for reasons of 
both quality (coherence and relatability of data) and efficiency (collect only once, reduce 
response burden). 
In a future highly integrated production of statistics the use of administrative data will still be 
combined with the survey in order to treat structural weaknesses in the administrative data, 
thus improving the robustness of official statistics. In household statistics the survey will be 
used, for example, to collect soft variables that do not appear in administrative sources. In 
business statistics the final results depend heavily on data from a few large businesses with 
complex structures; surveying big businesses manages the quality risk. 
 

 

Keywords: statistical methods, survey, household versus business statistics 

 
 

                                                           
1
 The contents of this paper do not necessarily reflect the opinion or position of the European Commission. 

2
 In this paper we will mainly use the terms based on the statistical units (input perspective): person/household 

versus business statistics.  An alternative is the output perspective social versus economic statistics. In the 

output perspective the same statistics, for instance employment statistics can be relevant both to the social 

and to the economic domain. 
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1. Different ways to use administrative data 
 
Administrative data3 are used both in social statistics (for instance the population register or 
registered criminal suspects) and in economic statistics (value added tax administration or 
Chambers of Commerce register). The administrative data can be used in different ways in the 
statistical production process. Some statistics are entirely based on one administrative source, 
for instance the number of adoptions. Such statistics are not the main concern in this article; 
they do not require new statistical methods and constitute no differences between household 
and business statistics. This article discusses statistical production systems integrating 
different sources, including administrative data.  
Statistical Institutes aim at more integrated statistical production systems, both for reasons of 
quality (coherence and relatability of data) and efficiency (collect only once, reduce response 
burden). There are different ways to use administrative data in an integrated system. The list 
of uses characterises the way the administrative data is used in the statistical production 
process. The uses are sorted by directness of use.4 

• Direct use at micro level; 

• Use as auxiliary information at micro level; 
• Use as auxiliary information at aggregate level; 
• Use as source for the population frame; 

• Use as circumstantial evidence. 
Please note that the different uses do not exclude each other. For instance, the same record 
that is directly used e.g. to complete information on pharmacies, can also be used for 
imputation of missing values and for updating the business register for the next period. 
What use can be made of the administrative sources depends on several quality aspects. 
Delays and periodicity are the obvious examples. Data with the wrong periodicity or arriving 
after the publication deadline cannot be used in direct way. Direct use is a rare case anyway, 
as usually we also have to deal with conceptual differences, disturbing incentives and 
interfering procedures.   
 

                                                           
3
 Data collected for administrative purposes by governmental or semi-governmental organisations (see 

definition administrative source in the SDMX Metadata Common Vocabulary). Most of the discussion is also 

relevant for the broader concept secondary data, which also includes data collected by other (commercial) 

organisations. The significant differences are in the legal basis of the source and the terms of access. 

4
 The list was drawn up with help of experts of the Data Integration ESSnet project and validated against uses 

presented at the Strategic Workshop on Administrative Data (Eurostat, 2012). 
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2. Methods linked to different uses of administrative data  
 
The different uses require different statistical methods. Based on the modules of the 
methodological handbook currently under development in the ESSnet Methodology for 
modern business statistics (Memobust ESSnet, 2013) the relevant methods will be identified 
for the 5 types of use. Data collection methodology is relevant in all uses of administrative 
data, as the use of administrative data is basically a shift in methods of data collection away 
from the traditional survey. After a short discussion on data collection, we will discuss the 
methods required for processing in the different uses of administrative data. 
 
Data collection 
Data collection is the basis of quality in statistics. With administrative data the statistical 
authority has no direct control over the data collection process. The first task is to collect 
information on the data collection process; this should go beyond the design of the process 
and the conceptual differences, also focussing on variation in the implementation and on 
incentives for over and under reporting (both concerning the administrative organisation and 
the respondent). Please note that this can also include data validation and processing done in 
the administration. It is a continuous task, as all these elements tend to change over time, with 
an unknown impact on the content of the administrative source. The second task is to gain 
some control over the data collection, for instance the definition of concepts, the design of 
questionnaires and the validation rules. In the ideal situation the statistical authority is 
involved in all changes that influence the quality of the data.   
Both the holder of the administration and the statistical office has an interest in quality, but 
the relevant quality aspects and the priorities can be very different. The administration could 
be more focussed on the detection of individual errors, whereas the statistical authority is 
mainly interested in patterns. Still official statistics could offer survey methodology expertise 
for the organisation of common quality surveys. This can result in a clear separation of roles 
for the production high quality data. 
The quality of the data from the administrative source does not translate directly into the 
quality of the statistical output. The quality aspects of the statistical output (partly) based on 
administrative sources depends on the way the administrative data is used in the statistical 
process. 
 
Direct use at micro level 
Excluding the single source case, two basic cases exist: using specific records from the 
administrative data to replace other ways to collect the data (horizontal) and to use specific 
variables (vertical). The horizontal replacement requires a population frame (business 
register) to distribute the roles over the different sources in an unambiguous way (no gaps and 
overlaps). It is not necessary to link the data to the population frame at micro level, it is 
sufficient to have a common variable (e.g. the economic activity or age) which determines the 
division of contributions. No further specific methods are necessary. 
In the vertical case of adding a variable micro linking is necessary. The link not only adds the 
variable, but it also sheds light on issues of over and under coverage.  
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Use as auxiliary information at the micro level 
Direct use at the micro level is seldom possible because of, for example, conceptual 
differences and differences in periodicity and timing. This can be solved by models based on 
conceptual analysis or on correlations with the 'true' variable in the survey (the administrative 
source is brought in line with the survey). The other way round the administrative data can 
also be used to detect and correct errors in the survey (imputation). All this requires micro 
data linking/matching. 
A specific aspect of using the administrative data in the validation process is that the 
statistical authority cannot go back to the respondent to inquire about the potential errors 
detected. 
 
Use as auxiliary information at the aggregate level 
Small area/domain estimation and post-stratification/calibration are examples of the use of 
administrative data at the aggregate level. In small domain estimation the strength of the 
survey (assumed to have little bias) is combined with the strength of the administration (rich 
in e.g. regional detail) to produce coherent estimates with much detail.  
Traditionally, post-stratification is used to reduce the non-response bias of surveys. The 
administrative data can be in both roles. It can produce the strata for reweighting a sample 
survey. But the technique can also be applied the other way round, to weight the 
administrative data against strata derived from a sample survey (or any other source of 
reliable totals). 
 
Use as a source of the population frame  
In some cases the administrative data are not available in time for any of the direct and 
indirect uses mentioned above. Still the information can be used to update the population 
frame (e.g. business register). In fact, administrative sources have been the basis for the 
population frame from the beginning. Additional sources improve the coverage and enrich the 
stratification, allowing tailoring of questionnaires and non-response control.  
The role of the population frame has changed from sampling frame in the survey 
methodology approach to backbone of the integrated system to which all information can be 
somehow linked. 
 
Use as circumstantial evidence 
Administrative data can be used as circumstantial evidence in the validation and interpretation 
of results. This requires the usual data analysis methods and techniques.  
 
Statistical methods specifically related to the use of administrative data 
The use of administrative data is in the first place a way to collect data. Although 
administrative data is used in official statistics from the very beginning, the data collection 
aspect is sometimes neglected. Another important aspect is the management of the relation 
with the administrative authority. 
The most important methods relevant to the use of administrative data are: 

• Data linking; 

• Data modelling to overcome conceptual differences; 
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• Small area/domain estimation to obtain coherent detailed output; 

• Post-stratification/calibration to improve data coherence; 
• Description of output quality for the different uses of administrative data. 

Previous projects have already produced rich material on these methodological areas. All 
administrative sources are different; the use of administrative data in the statistical production 
process always requires substantial tailoring of the generic methods.  
 
 

3. Differences between household statistics and business statistics 
 
There are some structural differences between person/household and business statistics: the 
nature of the statistical units, the skewedness of distributions, the character of the variables 
and population dynamics, as discussed by Rivière (2002) and Kloek (2011). These differences 
can also require different methods. In skewed distributions, for instance, the very large units 
receive more attention in all phases of the statistical production process because of the impact 
on core variables. 
  
Statistical units 
The definition of a person is not a statistical discussion, but the definition of a business is5. 
Businesses can have complex structures and depending on the perspective (legal, economic, 
regional) different concepts are relevant. In the system of business statistics the statistical 
business register has the crucial role to standardise the interpretation of the different types of 
statistical units and their relations. This is harmonisation in the national (legal) environment; 
in the context of the European Statistical System (ESS) and in the broader international 
context there is still room for improvement, especially for businesses with activities in more 
than one country. The interpretation of the unit is the first thing to check for every 
administrative source. 
Moreover, information technology makes is more and more difficult to locate some 
businesses or business activities. 
 
Skewedness 
The number of highly complex units in business statistics is actually limited, but the impact is 
high, as a high percentage of turnover and value added is concentrated in a few complex units. 
Most businesses are small and simple in structure; for small businesses the situation is more 
similar to persons and households, with a significant role of the business owner6. One 
practical implication of the skewedness of the business population is that it is impossible to 
protect micro data against disclosure; the big businesses will always be visible. For this reason 
business statistics is often only presented in aggregated tabular data and not in micro data sets.  
 
                                                           
5
 The definition of household does require some statistical conventions on what persons to include or not to 

include (e.g. students, persons fulfilling compulsory military service). 

6
 Ignoring the special case of institutional households (e.g. prisons, barracks or nursing homes) 
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Character of the variables 
In business statistics most variables are from the accounting environment; they are of the 
quantitative type and they are embedded in an accounting system (the accounting rules can be 
the basis for formal checks on the relations between variables). In business statistics the 
stratifying variables (economic activity, size class, region) are usually not collected in a 
survey, they stem from the statistical business register.  
In person and household statistics the variables are often of a qualitative nature and they are 
usually not embedded in a formal system (especially not in a formal system that exists outside 
official statistics). 
 
Population dynamics 
The business population is very dynamic. The enterprise birth and death rates in the EU are 
about 10% (this percentage depends on the minimum activity threshold). Birth and death 
concern the smaller businesses; larger businesses seldom disappear completely, but are 
continuously restructured. This concerns not only opening and closing of new activities, 
locations and legal entities, but also take-over or split-off of already existing activities. This 
requires statistical continuation rules for identity of the business (under what conditions is the 
identity still the same). The dynamics makes it difficult to do longitudinal analysis on 
businesses.  
The population of persons is far less dynamic. Birth and death rates are lower (closer to 1 %) 
and structure changes do not occur. However, growing international mobility of persons does 
pose a statistical problem. Due to mobility persons move in and out of the target population; 
this makes it more and more difficult to follow them over time. Ignoring confidentiality 
issues, the problem could be overcome by the use of a unique EU identification number. 
Another issue is that official population registers in the EU have different rules and 
procedures, creating gaps and overlaps. On top of that unregistered international mobility 
hampers the validity of statistics.  
 
Legal aspects 
Confidentiality and privacy concerns may affect household and business statistics differently. 
In several countries (notably the Nordic countries) there are few obstacles to accessing and 
using administrative data for statistical purposes, and there is no special distinction between 
business and persons. However, in other countries, restrictions related to data protection are 
more stringent for accessing/using personal data than for business related data (businesses 
have a public role towards customers, suppliers, employees and society). 
Another aspect of the legal environment which can be different for business statistics is that 
business surveys are more often mandatory. This has direct implications for the response rate, 
which is generally lower for household surveys.  
 
 

4. Relevance of the differences to the use of administrative data 
 
The purpose of this paragraph is to analyse where the differences between household and 
business statistics have an impact on the use of administrative data.  
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Statistical units 
The conventional and complex character of the system of statistical units in business statistics 
gives the statistical business register a central place in business statistics. The business 
register is largely built on administrative sources (with some feedback from business surveys). 
Considering the use of an administrative source for updating the statistical business register, 
the first thing to analyse is the link of the administrative units with the system of statistical 
units. For reasons of international comparability, the system of statistical units and the 
business register are regulated in the European Statistical System. This provides an excellent 
starting point for more integrated systems, with the statistical business register as backbone. 
The initial advantage, that the unit person is defined outside the statistical context, has turned 
into a disadvantage; there is no statistical population register in several countries and no 
European approach to harmonise such statistical registers. 
Whereas persons and households are supposed to have one place of usual residence, business 
can have activities on several locations. The description of business activities at the local level 
can be done in several ways:  

• On the basis of another type of statistical unit (the local unit) with its own 
characteristics and variables (the local unit might have no turnover and value added is 
not defined); 

• On the basis of the enterprise at the national level, with breakdown in certain variables 
provided by the enterprise (e.g. on local employment); 

• On the basis of the enterprise at the national level, with breakdowns derived in 
statistical processing (e.g. breakdown of local value added on the basis of local 
employment or local wages paid). 

Different solutions lead to different statistics with different interpretation. Small area 
estimation is almost impossible in the domain of business statistics (also in combination with 
the data confidentiality risk due to the skewedness of distributions).  
   
Skewedness 
The correlation of size and complexity of units in business statistics makes it necessary to 
closely control the profiling and data collection from large units. Direct solutions based on 
administrative sources would introduce a significant quality risk. 
 
Character of the variables 
Soft variables (expectations, attitudes, perceptions) are important for understanding of 
behaviour of persons and households. Such soft variables do not occur in administrative 
sources and should be collected in some other way.  
The accounting framework for businesses offers, together with a certain level of 
standardisation of accounting tools, the possibility to extract the required information directly 
from the business's accounting system. This is the idea behind the Extensible Business 
Reporting Language (XBRL) initiative. It is used by statistical offices, but also by tax 
authorities and other data collectors. It requires a mapping of the statistical concepts to the 
concepts used in the business's accounting system (called taxonomy). An example is the 
implementation in accommodation statistics in Finland (Konttinen, 2012). 
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Population dynamics 
In administrative data persons can be followed quite easily over time on the basis of 
continuity of a personal identifier. Problems arise when this identifier cannot be made 
available to the statistical authority or when identifiers are not coordinated over different 
administrations.  
Administrative sources for business statistics sometimes have limited interest in following 
units over time and are mainly interested in the current situation (Chambers of Commerce), or 
have a strongly legal approach towards continuity, mostly based on ownership, whereas in 
statistics the economic continuity is more important (based on factors of production and 
clients). These different priorities for the dynamic aspect and the different continuation rules 
makes that administrations are a poor source of information on continuity of the business. 
 
Legal aspects 
A consequence of the data protection legislation is the difficulty to set up a statistical register 
on persons. In the extreme case of Germany, linking of data on persons is not allowed at all, 
not even for the data collected in surveys. While business statistics benefit from the existence 
of the statistical business register supported by European Regulation, setting up a population 
register of persons and households is not yet accepted in some Member States. Moreover, the 
EuroGroup Register (EGR), currently under development, is a network of business registers 
in EU Member States, containing information on multinational enterprise groups. The EGR 
will support the statistical production on globalization and help dealing with cross-border 
aspects of business statistics in harmonised and consistent way. A European register of 
persons could solve for instance the problem of double counting and international mobility, 
but such a register is far away as long as some of the national registers do not exist. 
Common identification numbers make it easy to directly link information, thus reducing the 
risk of errors. Such identification number does not always exist, or there could be restrictions 
on their use in statistical processing.  Such restrictions can sometimes be overcome by 
creating artificial identification numbers for statistical purposes. Even when the common 
identification can be directly used in statistical processing, data protection legislation 
introduces additional steps: anonymisation and dealing with access rights. The issue of 
identification numbers is not very different for statistics on persons and statistics on 
businesses. 
 
 

5. Role of the survey in a system primarily based on administrative data 
 
In a future highly integrated production of statistics the use of administrative data will still be 
combined with the classical survey in order to deal with structural weaknesses in the 
administrative data, thus improving the robustness of official statistics. In social statistics the 
survey will be used, for example, to collect soft variables that do not appear in administrative 
sources. In business statistics the final results depend heavily on data from a few large 
businesses with complex structures; surveying big businesses manages the quality risk of 
wrong delineation of the unit or misclassification. 



 9

Statistical production is currently undergoing a transition from a system largely based on a 
one-to-one link of separate classical surveys and their specific outputs to an increasingly 
integrated system, where various data sources (surveys and administrative sources) are 
combined for producing several statistical outputs. In this context, more resources will be 
dedicated to linking and matching sources, as well as to reconciliation, and less to direct data 
collection. Several statistical institutes have officially adopted a policy of administrative 
sources first; the use of the survey instrument needs justification. 
The initial attempts to replace surveys by administrative data sources have been largely 
motivated by cost and burden reduction considerations. However, administrative data cannot 
fully replace surveys; therefore the future system will have to rely on a combination of 
surveys and administrative sources. The integrated system has the potential of building on the 
strengths of each type of source in order to mitigate the shortcoming of other sources, thus 
improving the quality of statistics. The way that sources could be combined is similar to some 
extent for household and business statistics, although there are some differences given by the 
nature of statistics discussed in paragraph 3.  
In household statistics, large parts of the analysis require soft variables related to the 
perceptions and values of the individuals, which could never be the object of an 
administrative register. Therefore, surveys in household statistics will have the role of 
collecting the soft variables. Variables related to income, employment or household structure 
can be obtained from administrative sources, allowing the use of shorter questionnaires. 
Surveys will keep having an important role in quality checks and improvement. Where data 
from administrative sources are available, periodical surveys can be used to monitor and 
improve quality. Survey data can also be used to check the population structure, correct the 
over/undercoverage of the administration or improve estimations based on administrative data 
(Mancini, 2012). 
Quality checks via surveys in business statistics should be focused mainly on large 
enterprises. Due to their size, errors concerning large businesses have a high impact on the 
quality of statistics. Such errors are more likely to occur, as the units in the administration will 
usually not coincide with the statistical concept. 
If administrative sources are updated continuously, data can be extracted also using other 
(non-standard) time periods; this offers new opportunities for short term statistics and 
longitudinal studies. As registers normally aim at complete enumeration, in theory they can be 
more adequate for small area estimation. An annual survey can be used to improve coherence 
with statistical concepts, to add new variables and to detect and correct coverage problems. 
 
 

6. Future 
 
Moving from a stovepipe system to and integrated system of statistical production is the key 
objective of the Vision for European Statistics expressed by the Commission in August 2009 
(COM (2009) 404). An important element of the new approach is supporting the increased use 
of administrative data. 
Although it can reduce costs and burden, the use of administrative data is not a panacea. 
Relying more extensively on administrative data sources poses risks to several dimensions of 
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data quality: coherence, relevance, accuracy, timeliness etc. Whereas for statistical surveys 
there is a well-developed body-of-knowledge, methodological developments concerning the 
use of administrative data in an integrated system are scarcer. 
For this reason, Eurostat is currently developing a business case for the project Administrative 
Data Sources, which aims at supporting EU Member States who seek to make better use of 
administrative data. The project will build upon the results of previous initiatives (e.g. ESSnet 
Admin Data, ESSnet Memobust, ESSnet Data Integration, BLUE-ETS) and could address 
issues like integration of registers, techniques to transform administrative data into statistical 
data and quality assessment of data based on administrative sources. Apart from dealing with 
the quality issues inherent to the administrative sources themselves, an additional challenge is 
how to integrate the administrative data with surveys. Although making use of available 
administrative data can lead to shorter questionnaires, it is not obvious how to design coherent 
questionnaires where the questions out of context do not confuse respondents. In 
comprehensive questionnaires, filters and logical flows of questions make it easier for the 
respondent to answer correctly and facilitate coherence checks. Deleting questions can break 
the internal logic of the interview.  
Using information from administrative sources makes it possible to have shorter 
questionnaires, which opens the way for making better use of new technologies. Web-based 
questionnaires for computers and smartphones have the potential of reducing the costs, and 
can complement the use of data from administrative sources, but raise the challenge of 
adapting the contents of the survey to technology available and of dealing with mode effects. 
The ESSnet Data Collection aims at assessing new data collection tools for social surveys 
(with a focus on web data collection) and multi-mode survey design. 
The actors in the social processes (persons, households) and the actors in the economic 
processes (businesses) are linked in several ways, for instance through the labour market, the 
product market and through the common use of space and dwellings. Considering these 
relations requires a higher level integration. Currently in most statistical organisations they are 
dealt with by separate divisions; a more integrated approach also requires a different 
organisation of statistical processes.  
From the overview of the use of administrative data in integrated statistical production 
systems in both persons and business statistics it can be concluded that: 

• Although work has been done in all relevant methodological areas, this works has to 
be assessed and integrated; 

• A coordinated population register is crucial for integration. In this respect the situation 
is much better in the domain of business statistics than in person and household 
statistics. In business statistics the need to have a business register was already 
identified for the harmonisation of statistical units whereas in person statistics there 
are more confidentiality concerns; 

• The survey will have a new role in an integrated system where administrative sources 
should be used first. The survey is still needed for quality monitoring. On top of that 
the survey will remain necessary in person statistics for soft variables and in business 
statistics for large businesses. 
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The use of administrative sources in official statistical production has many advantages, but it 
should be kept in mind that it is not for free. Relation management and quality monitoring 
will continue to require resources. The statistical institutes should aim at influencing both the 
contents and the design of administrative data. 
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Abstract  
 
Statistical agencies are considering making more use of the internet to disseminate 
census tabular outputs through flexible table generation servers that allow users to 
define and generate their own tables. The key questions when considering the 
development of these servers is what data should be used in the background for 
producing tables and what method of statistical disclosure control (SDC) should be 
applied. For ‘on-the-fly’ table generation, the server has to measure the disclosure 
risk in the table, apply a perturbation method and reassess the disclosure risk. SDC 
methods may be applied on the underlying data in the server where all tables 
generated would be considered safe, or applied on the final output table generated 
from original data. Besides disclosure risk, the server should provide measures of 
information loss in the perturbed table compared to the original table.  In this paper, 
we examine the development of a flexible table generating server and compare 
different applications and the timing of SDC through disclosure risk and data utility 
measures. These measures are based on Information Theory which is particularly 
useful for assessing attribute disclosure arising from the structural zeros in the table.  
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1. Introduction 
Statistical agencies are considering making more use of the internet to disseminate 
statistical outputs through flexible table generating servers that will allow users to 
define and generate their own tables. In particular, flexible generation of census 
tables has been the major incentive to develop these servers due to the large demand 
from policy makers and researchers for specialized and tailored tables. The United 
States Census Bureau and the Australian Bureau of Statistics already have remote 
flexible table generating systems in place to disseminate census tables. Users access 
the table generating server via the internet and define their own table from a set of 
pre-defined variables and categories typically from drop down lists. The key 
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questions when considering the development of these servers is what data should be 
used in the background for producing the tables and what method of statistical 
disclosure control (SDC) should be applied.  
 
For the dissemination of census tables from  European member states, Eurostat is 
requiring each member state to produce a set of pre-defined multi-dimensional tables 
(hypercubes) containing their country’s census counts: 19 hypercubes at the 
geography level of LAU2  and over 100 hypercubes at the geography level of 
NUTS2, cross- classified with as many as  six other census variables. The 
hypercubes will then be used as the underlying data behind a flexible table 
generating server developed by the European Census Hub Project. The platform will 
allow comparative tables across member states as well as have the ability to combine 
census data from some or all member states. Using hypercubes as the underlying data 
for a flexible table generating server instead of the original microdata provides a 
priori protection since no data below the level of the cells of the hypercube can be 
released.   
 
When considering the SDC method for a flexible table generating server, there are 
two approaches: apply SDC to the underlying hypercubes so that all tables generated 
in the server are deemed safe for dissemination, or produce tables from original 
unprotected hypercubes and  apply the  SDC method only on the final tabular output. 
The problem with the first approach, specifically for the dissemination of European 
Census data, is that all member states would have to agree on a common SDC 
method in order to provide consistent hypercubes across member states. For 
example, if one member state employs a rounding algorithm whilst another member 
state employs cell suppression, there will be little utility in a table that is generated 
based on both member states’ data. Compounding SDC methods, for example 
aggregating rounded counts, exacerbates the disclosure control which over protects 
the data and reduces utility. With the second approach of protecting only the final 
tabular output, SDC methods are not compounded. Another consideration for the 
SDC method arises from the Computer Science literature on differential privacy 
where much work has been carried out on output perturbation.  It has been shown 
that in order to guarantee privacy in statistical outputs for online systems, 
perturbative methods need to be applied (Dinur and Nissim, 2003). 
  
For flexible table generation, the server has to measure the disclosure risk in the 
original table, apply an SDC method and then reassess the disclosure risk.   There are 
two types of disclosure risks in census tables:  identity disclosure where small cell 
counts may lead to an identification, and attribute disclosure where rows/columns 
have many structural zeros and only one or two cells are populated. This leads to the 
ability to learn attributes about an individual or group of individuals.  In particular, 
the ability to difference tables generated through the server can lead to tables that are 
more susceptible to the above disclosure risks and to the reconstruction of individual 
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records. This is the main reason why perturbative methods of SDC need to be 
considered for a flexible table generating server.  After the protection of the table, the 
server should also provide measures of information loss.  
  
In this paper, we compare methods of SDC that are applied on the hypercube  which 
serve as input to the table generating server to the case where  the SDC method is  
applied only on a final tabular output generated from the original hypercube. The 
comparison is made through disclosure risk and data utility measures which must be 
able to be calculated ‘on-the-fly’ within the table generating server. We have 
developed measures based on Information Theory (IT) which are particularly 
relevant for assessing attribute disclosure. 
 
Section 2 describes the hypercube that will be used in our simulation study. The SDC 
methods for the study are described in Section 3 and the development of a table 
generating server is discussed in Section 4. The disclosure risk and data utility 
measures are presented in Section 5. The results of the comparison of SDC methods 
are presented in Section 6 with a discussion in Section 7. 

2. Simulation Hypercube 
To investigate and compare SDC methods for a table generating server, we simulate 
a hypercube with an underlying population of 1,500,000 individuals. The variables 
defining the hypercube are according to Eurostat specifications as follows:  
 

• NUTS2 Region - two regions   
• Gender – 2 categories 
• Banded age groups – 21 categories 
• Current Activity Status – 5 categories 
• Occupation – 13 categories 
• Educational attainment – 9 categories 
• Country of citizenship – 5 categories 

 
From the UK Census 2001, we calculated cell proportions from available published 
tables, multiplied the proportions by the 1,500,000 individuals in the population and 
calculated all cross-classified proportions of the table through iterative proportional 
fitting to produce the final hypercube. The hypercube used in the simulation study 
had 245,700 cells. The distribution of cell counts is skewed with a large proportion 
of zero cells as seen in Table 1. 
 
The synthetic hypercube was compared to real hypercubes produced by member 
states Italy and Estonia at the NUTS2 region level according to the above 
specification. The real hypercubes had a similar distribution of cell counts to Table 1.   
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Table 1: Distribution of Cell Counts in the Synthetic Hypercube 
 

Cell Value Number of Cells Percentage of Cells 
0 226,939 92.36% 
1 4,028 1.64% 
2 2,112 0.86% 
3-5 2,964 1.21% 
6-8 1,664 0.68% 
9-10 720 0.29% 
11 and over 7,273 2.96% 
Total 245,700 100.00% 
 

3. Statistical Disclosure Control Methods  
In this section, we describe SDC methods for protecting the hypercubes: record 
swapping, semi-controlled random rounding and a probabilistic perturbation 
mechanism. From each of the disclosure controlled hypercubes, we generate an 
output table and compare the methods through disclosure risk and data utility. The 
comparison will also include the case where the SDC is applied only on the output 
table generated from the original hypercube.  

3.1  Record Swapping 

Record swapping is based on the exchange of values of variable(s) between similar 
pairs of households.  In order to minimize bias, pairs of households are typically 
determined within strata defined by control variables, such as a large geographical 
area, household size and the age-sex distribution of individuals in the households.  In 
addition, record swapping can be targeted to high-risk households found in small 
cells of census tables thereby ensuring that households that are most at risk for 
disclosure are likely to be swapped. In a census context, geographical categories are 
often swapped between households. Swapping places of residence attempts to 
minimize bias under the assumption that place of residence is independent to other 
target variables conditional on the control variables. Also, swapping place of 
residence helps to increase the protection levels since this variable is a highly 
identifying and ‘matchable’ variable. In addition, at higher aggregations of 
geography, marginal distributions are preserved. For more information on record 
swapping, see Dalenius and Reiss, 1982, Fienberg and McIntyre, 2005 and Shlomo, 
2007. 
For this study, we carried out random record swapping at the individual level due to 
the characteristics of the simulated hypercube. In addition, to keep the study simple, 
a random sample of 5% of the individuals was selected in each NUTS2 region. The 
selected individuals were paired randomly with other individuals in different LAU2 
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geographies within the NUTS2 region, and the LAU2 geographies swapped between 
them. This produced a total of 10% of the individuals in each NUTS2 region having 
their LAU2 geography variable swapped.  

3.2 Random Rounding  

The most common post-tabular method of SDC for Census frequency tables is based 
on unbiased random rounding. The entries of the table x are first converted to 
residuals of the rounding base b, res(x).    Let )(xFloor   be the largest multiple k of 
the base b such that xbk ≤   for an entry x. In this case, )()( xFloorxxres −= .  For 
an unbiased rounding procedure, x is rounded up to ))(( bxFloor +  with probability 

b

xres )(
 and rounded down to  )(xFloor  with probability )

)(
1(

b

xres− . If x is already 

a multiple of b, it remains unchanged. 
 
In general, each small cell is rounded independently in the table, i.e.  a random 

uniform number u between 0 and 1 is generated for each cell. If 
b

xres
u

)(<   then the 

entry is rounded up, otherwise it is rounded down. This ensures an unbiased 
rounding scheme, i.e. the expectation of the rounding perturbation is zero. However, 
the realization of this stochastic process on a finite number of cells in a table may 
lead to bias since the sum of the perturbations may not equal zero. To place some 
control in the random rounding procedure, we use a semi-controlled random 
rounding algorithm for selecting the entries to round up or down as follows: First the 
expected number of entries of a given res(x) that are to be rounded up is 
predetermined (for the entire table or for each row/column of the table). Based on 
this expected number, a random sample of entries is selected (without replacement) 
and rounded up. The other entries are rounded down.  This process ensures no bias 
and the rounded internal cells aggregate to the controlled rounded total. 
 
Because of the large number of perturbations in the table, margins are typically 
rounded separately from internal cells and therefore tables are not additive. When 
using semi-controlled random rounding this alleviates some of the problems of 
additivity. Another problem with random rounding is the consistency of the rounding 
across same cells that are aggregated in different tables.  The consistency can be 
solved by the use of microdata keys. For each record in the microdata, a random 
number (i.e., a key) is defined which when combined with other records to form a 
cell of a table defines the seed for the rounding. Records that are aggregated into 
same cells will always have the same seed and therefore a consistent rounding 
(Fraser and Wooton, J, 2005, Shlomo and Young, 2008).   

 
For this analysis, we carry out full random rounding to base 3 semi-controlled to the 
two NUTS2 totals in the hypercube.   
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3.3 Stochastic Perturbation  

A more general method to rounding can be carried out by perturbing the internal 
cells of the hypercube using a mechanism based on a probability transition matrix 
similar to the method that is used in PRAM (Gouweleeuw, Kooiman, Willenborg, 
and De Wolf, 1998). Let P  be a LL ×  transition matrix containing conditional 
probabilities: ) is  valuecell original| is  valuecell perturbed( ijppij =  for cell values 

from 0 to L  (usually a cap is put on the cell values and any cell value above the cap 
would have the same perturbation probabilities).  Let t  be the vector of frequencies 
of the cell values where the last component would contain the number of cells above 
cap L  and v  the vector of relative frequencies: Ktv = , where K is the number of 
cells in the table. In each cell of the table, the cell value is changed or not changed 
according to the prescribed transition probabilities in the matrix P  and the result of a 
draw of a random multinomial variate u with parameters ijp  (j=1,…,L). If the j-th 

value is selected, value i is moved to value j. When i = j , no change occurs. 
 
Placing the condition of invariance on the transition matrix P , i.e. ttP = , means 
that the marginal distribution of the cell values are approximately preserved under 
the perturbation and we ensure a zero bias in the overall total. As described in the 
random rounding procedure, in order to obtain the exact overall total, a without 
replacement strategy for selecting the cell values to change can be carried out. For 
each particular cell value, we calculate the expected number of cells that need to be 
changed to a different value according to the probabilities in the transition matrix. 
We then randomly select (without replacement) the cell values and carry out the 
change.  
  
To preserve exact additivity in the table, an Iterative Proportional Fitting algorithm 
can be used to fit the margins of the table after the perturbation according to the 
original margins. This results in cell values that are not integers.  Exact additivity 
with integer counts can be achieved by controlled rounding to base 1 using for 
example Tau-Argus (Salazar-Gonzalez, Bycroft, and Staggemeier, 2005). Cell values 
can also be rounded to their nearest integers resulting in ‘close’ additivity because of 
the invariance property of the transition matrix. Finally, the use of microdata keys 
can ensure consistent perturbation of cells across hypercubes. 
 
For the study, we implement the stochastic perturbation based on an invariant 
probability matrix with controls in the overall totals of the two NUTS2 regions. We 
carry out the perturbation on cells of values 1,2,3…10 only. All large cells above a 
value of 11 were not perturbed. The invariant perturbation matrix used in this study 
is presented in Table 2.   
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Table 2: Invariant Perturbation Matrix used to Perturb Hypercube  
 

 

4. Table Generating Servers   
The design of remote table generating servers typically involves many ad-hoc 
preliminary SDC rules that can easily be programmed within the system to determine 
tables that should not be released.  These may include:     

• Limiting the number of dimensions in the tables, 

• Ensuring consistent and nested categories of variables to avoid disclosure by 
differencing, 

• Ensuring minimum population thresholds, 

• Ensuring that the percentage of small cells is above a minimum threshold, 

• Ensuring average cell size above a minimum threshold. 

In spite of the preliminary SDC rules, the output tables generated in the system may 
still have disclosure risks. As mentioned, the SDC method can be applied on the 
underlying data of the server where all output tables would then be deemed as safe to 
disseminate, or applied ‘on-the fly’  to the final output table produced from the 
original data.  We compare these approaches in Section 6.  
 
For the flexible table generating server, we assume the scenario that the number of 
dimensions for generating a table is limited to three with one variable defining the 
population. For our output table, we define the population as those in the first   
NUTS2 region and define the table as: banded age group*education*occupation. 
This table contains 2,457 cells with 854,539 individuals, giving an average cell size 
of 347.8 individuals. The cell counts of the final output table are shown in Table 3.  
 
 

0 1 2 3 4 5 6 7 8 9 10

0 0.998 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

1 0.080 0.760 0.080 0.047 0.024 0.004 0.002 0.001 0.001 0.000 0.000

2 0.080 0.153 0.686 0.047 0.024 0.005 0.002 0.001 0.001 0.000 0.000

3 0.000 0.148 0.078 0.703 0.027 0.031 0.007 0.002 0.002 0.001 0.001

4 0.000 0.103 0.054 0.037 0.725 0.022 0.024 0.020 0.006 0.005 0.005

5 0.000 0.023 0.014 0.055 0.029 0.783 0.031 0.025 0.023 0.009 0.008

6 0.000 0.013 0.007 0.012 0.032 0.032 0.814 0.029 0.026 0.025 0.010

7 0.000 0.005 0.003 0.005 0.035 0.034 0.037 0.797 0.029 0.027 0.027

8 0.000 0.005 0.003 0.005 0.013 0.039 0.042 0.036 0.798 0.030 0.030

9 0.000 0.005 0.003 0.005 0.013 0.017 0.046 0.039 0.034 0.807 0.032

10 0.000 0.005 0.003 0.005 0.013 0.017 0.021 0.043 0.037 0.034 0.823

Perturbed Cell ValueCell 

Value
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Table 3: Distribution of Cell Counts in the Generated Table: Banded Age 
Group*Education*Occupation for NUTS2=1 
Cell Value Number of Cells Percentage of Cells 
0 1534 62.43% 
1 44 1.79% 
2 35 1.42% 
3  27 1.10% 
4 20 0.81% 
5 and over 797 32.44% 
Total 2457 100.00% 

5. Information Based Disclosure Risk and Data Utility Measures 
Information Theory (IT) based disclosure risk measures are particularly useful for 
assessing attribute disclosure arising from structural zeros in the table. A small 
entropy in a row/column can indicate few non-zero cells in the row/column. The 
fewer the number of non-zero cells, the more likely that attribute disclosure occurs. 
We define the following frequency based entropy as: 

N
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i ii∑ =
−
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)(                                                                               (1) 

where F is the vector of frequency counts:  },...,,{ 21 KFFF    and ∑ =
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total in the row/ column/ table depending on the level that is  being assessed. The 
measure is bounded by 0 if all cells are zero except for one, and log(K) if all cells are 
equal, i.e. the cell proportions are 1/K . Therefore, to produce a disclosure risk 

measure between 0 and 1, we define the measure as:  
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The entropy however does not take into account the magnitude of the cells counts or 
the number of zeros in the row/column/table which both contribute to identity 
disclosure.  We propose therefore to define a disclosure risk measure as a weighted 
average of different components, each component being a measure between 0 and 1 
as follows: 
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The first measure on the right hand side of (2) is the proportion of zeros in the 
row/column/table, the second measure is the risk based on the entropy shown in (1) 
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and the third measure takes into account the magnitude of the row/column/table. As 
can be seen, the final disclosure risk measure in (2) can be assessed  in the  flexible 
table generating server ‘on-the’fly’ without the need to see the table beforehand. In 
order to emphasize the risk of small counts (ones and twos) which still remain in the 
table for some of the SDC methods, we split the entropy measure as shown in (1) 
into two parts, small counts up to 3 and larger counts 4 and more, and provide 
different weights for each part. For this study, we use weights: w1=.1, w2Part1=.7,  
w2Part2=.1 and w3=.1 which provides the largest weight to the entropy based on small 
counts.  
 
The disclosure risk measure in (2) does not take into account perturbation methods 
which introduce more zeros into the table. Random rounding, for example, 
eliminates ones and twos by introducing more zeros and threes in the table. Although 
the extra zeros in the table are random and not structural zeros, the disclosure risk as 
measured by the entropy in (2) will not reflect the ‘randomness’ introduced into the 
table and will likely produce a higher disclosure risk. Therefore, for the random 
rounding procedures to base 3 we propose to calculate the proportion of ones and 
twos that were rounded down to zero and rounded up to three and calculate the 
entropy measure in (2) on an ‘adjusted’ table which reflects the uncertainty of the 
cell counts. Let ),,,( 3210 nnnn be the frequency of frequencies: 0,1,2 and 3 in the 

original table and let ),,,( 3210 nnnn ′′′′ be the corresponding frequency of frequencies in 

the perturbed table. Of course, 21,nn ′′ are both equal to 0 in the perturbed vector. We 

replace the zero cells in the perturbed vector by: [ ] 0210 /)3/1(2)3/2(10 nnnn ′++  and 

replace the cells of size three in the perturbed vector by: 
[ ] 3321 /3)3/2(2)3/1(1 nnnn ′++ . The method can be expanded to other rounding 

bases or other stochastic perturbation procedures. The procedure ensures the same 
overall total of the original and adjusted vector of counts. 
 
For the data utility measure we use the distance metric defined by the Hellinger’s 

Distance. We take the square root of the original counts:    }...,{ 21 KFFFF =  

and the square roots of the perturbed counts: }...,{ 21 KFFFF ′′′=′   and define:    

2

1
)(

2

1
),( k

K

k k FFFFHD ′−=′ ∑ =
                                                                      (3) 

The Hellinger’s Distance takes into account both the distributions of the cell counts 
as well as the magnitude of the cells since the difference between the square roots of 
two ‘large’ numbers are higher than in case of two ‘small’ numbers, even if these 
pairs have the same absolute difference. The Hellinger’s Distance is bounded by 0 

and the N with the highest utility (lowest information loss) occurring for small 
values. Since all the SDC methods applied to the table produce approximately the 
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same total N due to the controlled methods of perturbation, we can compare the 
Hellinger’s Distance across the methods. 

6. Results  
We report in Table 4 the disclosure risk measure in (2) and the Hellinger’s Distance 
in (3) for the table defined in Section 4 based on SDC methods on the input 
hypercube (record swapping, semi-controlled random rounding and stochastic 
perturbation) described in Section 3. In addition, we report the measures when 
implementing the SDC method of semi-controlled random rounding applied only on 
the output table generated from the original hypercube.  

Regarding the number of small cells of size 1 and 2, there were a total of 6,140 small 
cells in the hypercube (2.5%). The stochastic perturbation changed only 6.9% of the 
small cells, the random rounding to base 3 changed 100% of the small cells and the 
random record swapping changed 16.2% of the small cells.  

 

Table 4: Disclosure Risk and Information Loss for the Generated Table 

 Disclosure Risk Hellinger’s 
Distance  

Perturbed Input 

Original 0.352 - 

Swapping 0.355 6.47 

Semi-controlled Random Rounding 0.247 7.97 

Stochastic Perturbation 0.320 7.05 

Perturbed Output 

Semi-Controlled Random Rounding 0.239 5.90 

 

From Table 4, it is clear that the method of record swapping and the stochastic 
perturbation when applied on the hypercube did little to reduce the disclosure risk in 
the final output table. This was particularly due to the fact that the small cells 
essentially remained in the table.  Record swapping provided higher utility than the 
stochastic perturbation. We note that the two methods are similar in their outcomes 
since swapping can be seen as a special case of the stochastic perturbation. 
Removing the small cells entirely and rounding the other cells provided less 
disclosure risk as seen in the measures for the semi-controlled random rounding. 
Rounding the input hypercube compared to rounding the final output table that is 
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generated from the original hypercube had slightly higher disclosure risk. 
Furthermore, rounding the hypercube produced the lowest utility out of all the 
methods since rounded cells of the hypercube are aggregated to produce the cells in 
the final output table. The semi-controlled random rounding on the final output table 
produced from the original hypercube had the lowest disclosure risk and the highest 
data utility and is the clearly preferred method based on this simulation study. 

7. Discussion  
In this paper, we describe a simulation study comparing the application of SDC 
methods at different stages of generating tables in a flexible table generating server. 
Whilst statistical agencies can argue that there is a level of uncertainty in the table 
arising from pre-tabular methods such as record swapping, for a flexible table 
generating server of census data made freely available on the internet, intruders can 
easily re-identify the characteristics of the unique individuals.  In addition, these 
methods made little impact on the disclosure risk of differencing tables. Applying 
preliminary rules and an SDC method on the final output table provided the lowest 
disclosure risk with the highest utility and relieves the statistical agency from having 
to protect the original data. To rely solely on SDC methods implemented ‘on the fly’ 
for protecting user-defined tables means that some form of random noise needs to be 
applied to the output tables. This would be a step towards the requirements of 
guaranteeing differential privacy, reduce the risk of disclosure by differencing tables 
and ultimately improve the utility of the census tables since SDC methods are not 
exacerbated by aggregating perturbed original data. In addition, SDC methods that 
are stochastic allow users to take into account the perturbation in their analysis of the 
data. 
 
Further research needs to be directed to improving stochastic post-tabular methods 
whilst preserving additivity and consistency of user-defined tables.  New algorithms 
to carry out random rounding as described in Section 3.2 would ensure consistency  
of cells across generated tables and 'closeness' to additivity. Another option, given 
the smaller dimensions of the tables generated in the server is to use the controlled 
rounding feature in Tau-Argus (Salazar-Gonzalez, Bycroft, and Staggemeier, 2005).  
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Abstract  
    
The seasonally adjusted series of an aggregate can be obtained by seasonal adjusting it 
("direct approach") or by aggregating the seasonally adjusted individual series ("indirect 
approach"). The literature to date has mainly focused upon an a posteriori comparison 
among the results achieved by applying different approaches. Here a new a priori test (IB 
test) for choosing between direct and indirect approach in seasonal adjustment is 
proposed. The test is applied before running any seasonal adjustment procedure. When 
the individual series present common seasonal patterns the aggregate will be adjusted 
directly, otherwise an indirect approach could be preferred. Sections 3 and 4 include a 
simulation and a case study, respectively. This paper seeks to set out an a priori strategy 
for the identification of the most effective seasonal adjustment approach to be used. 
 
 
Keywords: Seasonal adjustment; direct vs. indirect approach; moving seasonality. 
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1. Introduction  

  
An aggregated time series Yt can be expressed as follows: 
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A special case is when f is an additive function, which can be generalized as follows: 
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A reference example of this kind of aggregate is the European Union GDP, obtained as 
the sum of GDPs of the 27 EU countries. To obtain seasonally adjusted figures, at least 
two different approaches can be applied (see Mazzi et al., 2001a, 2001b, for more 
details): 

� Direct Approach: the seasonally adjusted data are computed directly by seasonally 
adjusting the aggregate Yt. 

� Indirect Approach: the seasonally adjusted data are computed indirectly by 
seasonally adjusting data per each series Xkt. The seasonally adjusted Yt is then 
given by the sum of the seasonally adjusted components. 

A third option could be the mixed approach: if it is possible to define a criterion in order 
to separate the series in groups, creating sub-aggregates (e.g. these series have common 
seasonal patterns), then it is possible to compute the seasonally adjusted figures by 
summing the seasonal adjusted data of these sub-aggregates. 
The direct and the indirect approaches have been discussed for many years, and there is 
no consensus on which is the best approach. See, for instance, Maravall (2006) or Hood 
and Findley (2001). 
The main drawback to be considered with the direct approach is that there is no 
accounting consistency between the aggregate and individual series. A controversial 
point with the direct approach is the so called cancel-out effect: if there are two series 
with opposite patterns of seasonality, then the aggregated series will possibly show no 
seasonality, e.g. the aggregated series can show no seasonality even if all the individual 
series have seasonality. According to Mravall (2006), this is not a drawback. 
On the other side, the indirect approach also has some drawbacks. First of all the 
presence of residual seasonality should always be carefully checked in all of the 
indirectly seasonally adjusted aggregates. Then, applying an indirect approach means 
working with a larger number of series, and in that case the calculation burden could be 
quite big. 
The numerical results obtained by performing the different approaches are usually close 
in terms of medium and long term evolution, but they can still diverge in terms of signs 
of the growth rates in the short term period. They are likely to coincide if the aggregate is 
an algebraic sum, the decomposition model is additive, there are no outliers and the filter 
used is the same for all the series. These conditions are rarely met with real data set. 
According to the ESS guidelines on seasonal adjustment (Eurostat, 2009), if the series Xkt 
do not show similar seasonal patterns, indirect adjustment is preferred. Otherwise if the 
series show common seasonal patterns and approximately the same timing in their peaks 
and troughs, the direct approach is preferred. In this case the aggregation will produce a 
smoother series with no loss of information on the seasonal patterns. Direct approach is 
preferred for transparency and accuracy, while indirect approach is preferred for 
consistency. 



The aim of this paper is to propose a new innovative test (Infante and Buono test, 
hereafter IB test), based on a three-way ANOVA model, in order to identify which series 
can be aggregated in groups and to define at which level the seasonal adjustment 
procedure should be run. The principal advantage of this test is that it gives information 
about the approach to follow before seasonally adjusting the series, so it can be 
considered as an a priori method to choose the correct approach. A first elaboration of 
this idea is in Buono and Infante (2012). The need of such kind of test is also stated in 
Cristadoro and Sabbatini (2000). 
 
 
2. The IB test  

 
The classical test for moving seasonality (Higginson, 1975) is based on a two-way 
ANOVA model, where the two factors are respectively the time frequency (usually 
months or quarters) and the years. In order to test the presence of a moving seasonality 
between different series (not between the years of the same series, as the classic moving 
seasonality test) we propose the use of the IB test, which is based on a three-way 
ANOVA model. The three factors are the time frequency, the years and the series. 
The tested variable in the classical test for moving seasonality is the final estimation of 
the unmodified Seasonal-Irregular differences (using the tool X-12 ARIMA the series of 
the Seasonal-Irregular ratios is presented in Table D8) absolute value, if the 
decomposition model is an additive one; or the Seasonal-Irregular ratio minus one 
absolute value, if the decomposition model is a multiplicative one. 
As the IB test needs to be performed a priori (e.g. before to run a seasonal adjustment 
procedure), it is not possible to use the Seasonal-Irregular differences (or ratios), as in the 
test for moving seasonality. Thus, for creating the trend series HP

ktT , a Hodrick-Prescott 

filter is applied to each series Xkt. Then the proposed tested variable is obtained by 
subtracting the trend series from the original one: 
 

HP
ijkijkijk TXSI −=  

 
We kept the notation SI for remarking the fact that it is a de-trended series. As such, the 
tested variable is a three-dimensional array (cube), where in the rows there is the i-th time 
frequency, in the columns there is the j-th year, and in the depth there is the k-th series. 
The test is performed only on the part of the time series that covers all the observations of 
entire years. 
The model is specified as follows: 
 

ijkkjiijk ecbaSI +++=  

 
This equation implies that the value SIijk represents the sum of: 

• A term ai, Mi ,,1K= , representing the numerical contribution due to the effect of 
the i-th time frequency (usually M=12, for monthly series, or M=4, for quarterly 
series). 



• A term bj, Nj ,,1K= , representing the numerical contribution due to the effect of 
the j-th year. 

• A term ck, Sk ,,1K= , representing the numerical contribution due to the effect of 
the k-th series of the aggregate. 

• A residual component term eijk, assumed to be normally distributed with zero 
mean, constant variance and zero covariance. It represents the effect, on the 
values of the SI, of the whole set of factors not explicitly taken into account in the 
model. 

The test is based on the decomposition of the variance of the observations: 
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the S series means, then we can compute: 
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is the residual variance. 
So the null hypothesis is the following: 
 

ScccH === K210 :  
 

Where H0 is not rejected, it implies that there is no change in seasonality over the series 
(e.g. we cannot exclude that the series have common similar seasonal patterns) and a 
direct approach is recommended.  
If the null hypothesis is true, the relative test statistics is required to follow a Fisher-
Snedecor distribution with (S-1) and (MNS-1)-(M-1)-(N-1)-(S-1) degrees of freedom and 
can be written as: 
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Rejecting the null hypothesis is to say that the direct approach should be avoided, and the 
indirect one should be taken in consideration. 
In the case that the null hypothesis is rejected, an option could be to run the test on sub-
groups of the series, in order to know which ones do present similar seasonal movements. 
Once the sub-groups of the series with common similar seasonal patterns are determined, 
a mixed approach could be used. 
 
 
3. Simulation study 
 
The purpose of the simulations is to check if the IB test is strong enough to be used 
systematically when dealing with a big data set (such as for the case of large organization 
as Eurostat). The simulations are executed on both monthly and quarterly series.  
As regards the monthly data, the IB test is performed on matrixes composed of three 
series and a length of ten years. This means that, following the given notation, it will be 
M=12, N=10 and S=3. The most common time series model is the so-called airline 
model, as to say a SARIMA(0,1,1)(0,1,1). Thus, each of the three series will follow an 
airline model, added by 100, as Eurostat usually deals with index data. In addition, a 
residual term, normally distributed with zero mean and variance equal to one, is added to 
each series. The MA coefficients are between -1 and 1, so that the process is invertible. 
Such coefficients have been generated using a uniform distribution. 
In order to simulate the seasonal peaks, three different groups have been created. In each 
group (named A, B and C) a different seasonality scheme is used, as shown in Table 1. 
Each group represents a case of common seasonal patterns. 
 
Table 1 
Groups with different seasonality schemes for simulations – Monthly series 
Groups Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
A -15 -6 +7 0 +10 +8 +16 -36 +7 +12 +6 -9 
B  -30 -25 -14 -16 -4 +14 -3 +12 +14 +16 +13 +23 
C -11 -2 +13 +5 +6 +16 -44 +2 +18 +16 +2 -21 

 
By means of this template, the expectations are that when the IB test is performed on the 
series of the same group, then the p value is high and the F-ratio is low, so that the null 
hypothesis is accepted. On the other hand, when the IB test is performed on series of 
different groups, then the p value is low and the F-ratio is high, so that the null hypothesis 
is rejected. 
The simulations are executed on all the combinations of the three groups. For each 
combination the test is performed 1000 times on the simulated series. Table 2 reports, for 
each combination, the average F-ratio, the bands of the confidence intervals on the 
average of the F-ratio and the number of times where the null hypothesis has been 
accepted at 90% and at 95% accuracy. For a better understanding of Table 2, it should be 
noticed that, under the conditions explained above, the threshold values of the F-ratio, for 
accepting the null hypothesis at 90% and at 95%, are 2.3184 and 3.0225, respectively. 
 
Table 2 
Results of simulations with different combinations of monthly series 



Combinations 
F-ratio 
average 

F-ratio 
lower band 

F-ratio 
upper band 

No. H0 
accepted 
p value>0.10 

No. H0 
accepted 
p value>0.05 

AAA 0.8481 0.7957 0.9005 927 966 
BBB 0.4424 0.4095 0.4752 987 996 
CCC 0.9202 0.8614 0.9790 919 961 
ABC 5.6595 5.6152 5.7038 0 1 
AAB 14.129 14.028 14.229 0 0 
ABB 13.305 13.216 13.393 0 0 
AAC 3.1940 3.1587 3.2293 47 399 
ACC 3.1986 3.1629 3.2343 53 394 
BBC 6.9762 6.9258 7.0265 0 0 
BCC 5.5312 5.4851 5.5774 0 0 

 
In the first three combinations the test works well, showing, as expected, that a direct 
approach is a better solution. The F-ratio is always much lower than the threshold values. 
The results of the simulations with all the three different groups are also good. As there 
are three different seasonality schemes, the indirect approach is preferred. The F-ratio is 
higher than the threshold values. 
As regards to the other combinations, the test works well when the schemes involved are 
A and B or B and C. For the combinations that involve groups A and C, the test shows a 
hesitation when considering a 95% significance. This is mainly because the groups A and 
C are not so different: except for the two summer months, they have always the same 
sign. For this reason we recommend to choose a 90% significance, as it is usually done 
for the moving seasonality test. 
Regarding the quarterly data, the IB test is performed on matrixes composed of three 
series and a length of ten years. This means that, following the given notation, it will be 
M=4, N=10 and S=3. The series are treated as before. Thus each series follows an airline 
(invertible) model, added by 100 and by a residual term. The schemes for creating the 
seasonal peaks are shown in Table 3. 
 
Table 3 
Groups with different seasonality schemes for simulations – Monthly series 
Groups Qrt1 Qrt2 Qrt3 Qrt4 
A -4 +6 -5 +3 
B  -23 -1 +8 +16 
C +3 +9 -8 -4 

 
As for the monthly series, the IB test is performed 1000 times on the simulated series for 
each combination. The results are shown in Table 4. For a better understanding of Table 
4, it should be noticed that, under the conditions explained above, the threshold values of 
the F-ratio, for accepting the null hypothesis at 90% and at 95%, are 2.3538 and 3.0829, 
respectively. 
 
Table 4 
Results of simulations with different combinations of quarterly series 

Combinations 
F-ratio 
average 

F-ratio 
lower band 

F-ratio 
upper band 

No. H0 
accepted 
p value>0.10 

No. H0 
accepted 
p value>0.05 

AAA 0.5486 0.5108 0.5864 980 992 
BBB 0.4262 0.3981 0.4543 994 998 
CCC 0.6799 0.6348 0.7250 964 986 
ABC 23.781 23.663 23.900 0 0 



AAB 33.144 32.979 33.308 0 0 
ABB 35.590 32.436 32.744 0 0 
AAC 8.9708 8.7439 9.1977 5 23 
ACC 8.9460 8.7220 9.1699 2 18 
BBC 16.057 15.967 16.148 0 0 
BCC 8.9227 8.7059 9.1396 3 15 

 
In all the different combinations the test performs well, not rejecting the null hypothesis 
for the combinations with the series of the same group, and rejecting it for the 
combinations with the series from different groups. 
 
 
4. Case Study 
 
A real data example is being used to illustrate the proposed test. The data, taken from the 
database (http://epp.eurostat.ec.europa.eu/portal/page/portal/statistics/search_database, 
Eurostat, September 2012), consist on the quarterly national accounts aggregates by 
branch. We considered the European big four (France, Germany, Italy and Spain) 
aggregates for two branches: agriculture, forestry and fishing; industry (excluding 
construction). The time span is from 2001 to 2011 and the series are quarterly. The 
results of the test are reported in Table 5. 
 
Table 5 
Results of the test for the big four (France, Germany, Italy and Spain) 
Agriculture, 
forestry and 
fishing 

df Sum Sq. Mean Sq. 
Industry 
(excluding 
construction) 

df Sum Sq. Mean Sq. 

Time freq. 3 2907 969.1 Time freq. 3 55.90 18.635 
Year 10 374 37.4 Year 10 513.71 51.371 
Series 3 40884 13628.1 Series 3 19.38 6.459 
Residual 159 12237 77.0 Residual 159 1212.98 7.629 
F-ratio = 177.0747 p value = 0.0000 F-ratio = 0.8466 p value = 0.4703 

 
For the series on agriculture, forestry and fishing the F-ratio is very high, and 
consequently the p value is very low. This means that the series present not common 
similar seasonal patterns, as the null hypothesis is rejected. For adjusting the big four 
aggregate, the indirect approach is suggested. 
In the case of industry (excluding construction) the F-ratio is low. Consequently the p 
value is higher than 0.1 and the null hypothesis is accepted. The series present similar 
seasonal patterns and a direct approach is suggested for seasonally adjusting the 
aggregate. 
As shown in the tables, the results of the test are quite easy to read, and the test is based 
on a well-known model. It should be remarked that no seasonal adjustment procedure has 
been performed, as the test is a priori. 
 
 
5. Future research line 
 
A future research line is already been addressed, including: 



• Large scale applications: there is a need of practical feedback of the performance 
of the test. 

• Seasonal co-movements test (Centoni and Cubbadda, 2011): for benchmarking 
reasons, the seasonal co-movements test could be used. 

• Outliers: a detailed study on how the presence of outliers impacts on the test 
performance. 

• JDemetra+: in order to facilitate the use of the test, it could be added as a module 
to the upcoming Java version of the software Demetra+. 
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Abstract  
    

The Labor Market Information System (LMIS) project which aims at the implementation 
of a more efficient way of: Collecting Labor market data, Warehousing, and developing 
Policy-Based Indicators. Foresees to make better use of data that already exist in the 
Statistical Information Systems (SIS) including the possibility of  labor market estimates 
and occupations projection .This paper/project proposes a "Policy-Based Approach" 
Labor Market Indicators Development to fully implement Labor Statistics.  
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1. Introduction  
    

 In a nutshell, public policy seeks to achieve a desired goal that is considered to be in the 
best interest of all members of society. Examples include clean air, clean water, good 
health, high employment, an innovative economy, active trade, high educational 
attainment, decent and affordable housing, minimal levels of poverty, improved literacy, 
low crime and a socially cohesive society. A public policy is a deliberate and (usually) 
careful decision that provides guidance for addressing selected public concerns. Policy 
development can be seen, then, as a decision making process that helps address identified 
goals, problems or concerns. At its core, policy development entails the selection of a 
destination or desired objective. The actual formulation of policy involves the 
identification and analysis of a range of actions that respond to these concerns. Each 
possible solution is assessed against a number of factors / Indicators such as probable 
effectiveness, potential cost, resources required for implementation, political context and 
community support as discussed in Sherri (205). The International Labor Organization 
(ILO) maintains a set of around 20 Key Indicators of the Labor Market (KILM) for most 
countries of the world, including Kuwait (ILO 2007). These indicators focus on basic 



labor market variables and often ignore both unique structural characteristics of a 
country’s labor market, such as the high proportion of foreign workers, and the labor 
market policy priorities and targets of the country. These indicators focus on basic labor 
market variables and often ignore both unique structural characteristics of a country’s 
labor market, such as the high proportion of foreign workers, and the labor market policy 
priorities and targets of the country. The General Secretariat of the Supreme Council for 
Planning and Development (SCDP) released a document entitled “Mid-range 
Development Plan of the State of Kuwait, 2010 - 2014: A Draft General Framework, 
listed six important challenges in the Kuwait labor market (SCDP 2009, P. 31). and set 
out 17 labor market policies in relation to achieving the third objective of the plan to 
support human and social development (SCDP 2009, P. 55). These challenges and policy 
objectives have been used to identify potentially relevant indicators. The Labor Market 
Information System (LMIS) project is Data warehousing project which is frequently side-
tracked or derailed completely by non-technical factors, Because data warehouses are 
infrastructure for sociotechnical systems. Politics and the exercise of power are inherent 
in data warehousing projects, and data warehouse designers have to adopt work practices 
and methods from non-technical disciplines, think of themselves in new ways, and 
employ some fairly sophisticated qualitatively sociological methods in order to optimize 
the chances for successful deployment of data warehouses as in Marc (1997).  The paper 
structured as following: Section 2 Problem Statement and Context. Section 3 
Methodology. Section 4 Conclusion closes the paper. 
 
 
2. Problem Statement and Context 
 
Development and Sustainability is what we all do in attempting to improve our lot and 
measures impacts or success in relation to three dimensions: environment, social systems, 
and economy as in UNDP (2011) on one hand. On the other hand, the demographic and 
socio-economic trends in the GCC (Gulf Cooperation Council) countries are crucial 
issues. The growth of the foreign population in Kuwait (which from the early 1960s 
onwards formed the majority of the total population), and the country’s migration and 
labor policies as said in Onn (1998). As per the Central Statistical Bureau records 64% 
approximately of total population are foreigners (June /2011) in a small country like 
Kuwait which raise up the need to develop a labor market policy-based indicators.  A 
professional review at  2012 conducted for labor market information (LMI) in Kuwait 
indicated that no one of relevant Kuwaiti Agencies has fully integrated data sets for  
Labor Market and Labor Statistics or the full picture  (i.e. provides quantitative and the 
qualitative information and intelligence on the labor market that can assist labor market 
agents in making informed plans, choices, and decisions related to their business 
requirements, career planning, education and training offerings, job search, recruitment, 
labor policies and workforce investment strategies) for the Labor Market Information. A 
Labor Market Information System (LMIS) is a set of institutional arrangements, 
processes, and tools for the collection, integration, analysis, support to policy 
formulation, and dissemination of labor market information. A LMIS will assist in 
minimizing information gaps that lead to mismatches and distortions; and to make 
available signals of supply and demand for skills to the various stakeholders responsible 



for the formulation and implementation of human resource development and employment 
policies and programmes, and private sector decisions. The LMIS would also provide 
policy makers the ability to: (i) monitor the short term developments in the labor market,  
labor market patterns, the impact by events/crisis, changes in unemployment rates  among 
nationals, movement of wages, etc; (ii) monitor the underlying shifts in the workforce: 
the skills dynamics in an economy, and how education and training systems can respond; 
(iii) develop targeted and evidence-based policy interventions; and (iv) assess the impact 
of policies on specific groups – i.e. nationals, expatriate workers, youth, women.  
 
 
3. Methodology  
 
The team methodology for developing a set of key indicators of the labor market for 
Kuwait, consist of five phases and facilitated by the availability of an official government 
policy statement that sets out ; 1: Identifying Labor Policies .2: Determining each Policy 
Challenges. 3: Developing a Set of Indicators. 3a: Academic Approach. 3b: Best 
Practices 3c: Focus Groups. 4: Requirements Identifying. 4a: Statistics  Data Set. 4b: 
Collection Process Tools and Methods 4c: Validation. 5: Designing Data Warehouse, as 
shown in figure 1. 
 
 

 
 

 
Figure 1: Methodology Phases 

 



 
4. Conclusion 
 
Developing the Labor Market Indicators was the first phase of the Labor Market 
Information System project. This work forms the first part and the next part is going to be 
a "Data Warehousing Approach" Driven Labor Market Decision-Making. 
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Abstract  
 
The SDMX Statistical Working Group has developed Guidelines for the Design of 
SDMX Data Structure Definitions (DSDs) that were approved by the SDMX Secretariat 
and made available for public consultation on http://www.sdmx.org/ in September 2012. 
Target audiences include domain experts and official statisticians involved in DSD 
development. The guidelines outline general design principles, describe different usage 
contexts, present various data structuring approaches that serve the needs of these usage 
contexts, and discuss benefits and drawbacks of the data structuring approaches. Context-
specific recommendations are provided instead of prescribing “the best” one-size-fits-all 
approach. In addition, context-independent minimum structural and semantic 
requirements of DSDs are specified. As a more practical instrument for DSD designers, 
the guidelines also contain a step-by-step guide to the design process. This paper provides 
an introduction to the SDMX Guidelines for the Design of Data Structure Definitions. 
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1. Background 
 
Recently, the SDMX (Statistical Data and Metadata eXchange) Initiative has been 
working on “global” Data Structure Definitions (DSDs) for the collection, exchange, and 
dissemination of Balance of Payments and National Accounts data; other domains will 
follow. Similar efforts by individual SDMX sponsor organizations and other international 
organizations are also underway. These developments raised a need for guidance on the 
design of proper SDMX Data Structure Definitions. The SDMX Statistical Working 
Group (SWG) was entrusted with the task of developing such guidelines and 
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recommendations for DSD design based on conceptual considerations and first hand 
experiences with global DSD development. A draft version of the guidelines was 
approved by the SDMX Secretariat and made available for public consultation in 
September 2012 (SDMX 2012a).  
 
The guidelines outline general design principles for DSDs such as reuse of existing 
concepts and code lists, flexibility and adaptability to future requirements, and structural 
principles such as simplicity or purity. They describe a number of usage contexts of 
DSDs and discuss a number of approaches to structuring data that serve the varying needs 
of the different usage contexts to different extents. For example, DSDs may target 
different types of data, e.g., micro and macro data; different data exchange scenarios such 
as exchange at the national level, between international organizations, or dissemination to 
the general public; and/or different types of intended recipients, for instance in machine-
to-machine or machine-to-user communication. The guidelines discuss the pros and cons 
of the presented data structuring approaches in different situations and give context-
specific recommendations instead of prescribing “the best” one-size-fits-all approach. In 
addition, context-independent minimum structural and semantic requirements of DSDs 
are specified. As a more practical instrument for DSD designers, a step-by-step guide to 
the design process is also included.  
 
Target audiences for the SDMX DSD guidelines include domain experts and official 
statisticians involved in DSD development. Thus focusing on the business/content side of 
DSD development, the guidelines avoid technical jargon when explaining underlying 
concepts and ideas as far as possible while still trying to be useful for IT experts that 
support SDMX implementations. The guidelines aim at bridging the gap between IT and 
statistical experts. The scope is restricted to conceptual aspects. Organizational and 
technical aspects are treated in separate documents by the SDMX Initiative (e.g. 2012b). 
 
 
2. General design principles 
 
Besides the evident requirement of SDMX standard compliance, a number of general 
design principles apply to SDMX DSD development irrespective of the domain and the 
particular usage context the DSD is embedded in. Technically speaking, standard 
compliance of a DSD entails mere technical compliance with the SDMX technical 
standard. However, adherence to SDMX content recommendations, principles, and best 
practices as provided in the SDMX Content-Oriented Guidelines (2009) and other 
forthcoming guides such as the guidelines for the creation and maintenance of code lists, 
is strongly recommended. It should be kept in mind that one major aim of SDMX is to 
have transparency and agreement on the meaning of statistical concepts in order to allow 
their flawless communication.  
 
Whenever a DSD is required to exchange data according to the SDMX standard, the 
reuse of existing SDMX DSDs and code lists is the first guiding principle. As far as 
possible, this reuse should be accomplished by referring to the existing artefacts, not by 
creating independent copies. What needs to be considered, though, is the handling of 



updates of the reused DSD or code lists in the new DSD, data flow, or data provision 
agreement. The Global SDMX Registry that is currently under development will be the 
primary location to search for global SDMX artefacts, especially DSDs, MSDs, SDMX 
cross-domain concepts and code lists. In addition, SDMX sponsor organizations, other 
international and national organizations may have their own SDMX registries or other 
means of distributing their code lists, DSDs, and MSDs on their websites. 
 
When reusing existing DSDs, global DSDs with "SDMX" or SDMX sponsor 
organizations as maintenance agency have priority. For example, in case of the 
development of a new global DSD, a DSD already in use by a number of international 
organizations may work well as a starting point. This is not a recommendation for an 
automatism of de-facto standards becoming SDMX standards, though. In case a suitable 
global DSD does not exist, the usage of other already available DSDs should be 
considered in the following order: (i) other internationally agreed DSDs, (ii) nationally 
agreed DSDs, (iii) DSDs used organization-wide, (iv) DSDs used just within a 
department of the organization. The latter two with the lowest priority are considered 
merely adequate for data exchange within an institution or as a basis for developing a 
harmonized DSD for inter-organizational exchange. 
 
If none of the available DSDs is appropriate in the present data sharing context, it is still 
possible that existing concepts and/or code lists may be reused. A priority ranking similar 
to the one for DSDs is provided in the guidelines with code lists from global DSDs or 
recommended by the SDMX COG (2009) on top. 
 
In case an existing DSD is close to but differs from what is needed, it may: (i) contain 
irrelevant concepts, (ii) lack some required concepts, (iii) use the concepts in different 
roles than required (attributes vs. dimensions), (iv) deviate with respect to some of the 
code lists, or (v) contain pure dimensions when mixed dimensions would make more 
sense or vice versa. More complex situations that are combinations of several or all of 
these five cases may occur as well. For example, an existing DSD could contain 
unnecessary concepts and lack other concepts at the same time. The SDMX DSD 
guidelines (2012a) explain how these cases can be handled when developing a DSD. 
 
The second main generic DSD design principle is future orientation. DSD design should 
take into account potential future needs by making a DSD flexible enough to 
accommodate changing requirements. This may, for example, require the introduction of 
a dimension that is not relevant at the time of DSD design but suspected to become 
relevant later on. It also contributes to the stability of the DSD for a reasonable time 
period. Given the potentially high development and implementation costs, users should 
be able to rely on a stable DSD as a data exchange standard for a certain data flow. 
Changes in DSDs are expected to incur adjustment costs.  
 
Important structural design principles are parsimony, simplicity, exhaustiveness, 
unambiguousness, orthogonality, and density of the dimensional model of the DSD. A 
parsimonious DSD does not contain any redundant dimensions that are not needed to 
uniquely identify a data point; attributes that further describe observations are attached at 



the highest possible level. A simple DSD is often considered as keeping the observation 
keys as short as possible by reducing the number of dimensions to the absolute minimum. 
This is related to parsimony, but usually goes further by using so-called mixed 
dimensions, i.e. dimensions that combine multiple concepts. The purity of concepts and 
dimensions is a design principle that is in conflict with the principle of simplicity. A pure 
dimension relates to one pure concept. It has a shorter and less complex code list than a 
mixed dimension. Balancing these two antagonistic principles can be difficult and is 
discussed in more detail in the guidelines (SDMX 2012a). The density of a DSD is 
closely related to simplicity whereas sparseness often comes along with purity. For a 
dense DSD, a data flow provides data for the large majority of cells defined by the 
Cartesian product of the DSD dimensions, as it is usually the case for simple DSDs. For 
pure DSDs with many dimensions, data flows typically only cover a small fraction of the 
entire data space created by the combination of all dimensions. 
 
DSD design should also bear in mind unambiguousness. A DSD is unambiguous if it 
does not allow the representation of one and the same observation by multiple 
combinations of dimension values. Ambiguity may occur when multiple dimensions 
express similar or even overlapping concepts. Orthogonality helps to avoid ambiguity. It 
corresponds to the independence of the meaning of a value of one dimension from the 
values of any other dimension. An exhaustive DSD includes every piece of information 
that is required to unambiguously represent a data point and to correctly interpret it 
outside its usual context. The guidelines (SDMX 2012a) provide examples to illustrate 
these structural principles. 
 
The user-friendliness of a DSD is regarded as a general design principle as well. While it 
is often said to increase with the simplicity of a DSD, this is not necessarily the case. The 
user-friendliness mainly depends on the data sharing context, the tools used, and the role 
of the user. While a simple DSD with few dimensions is easier to understand by a human 
data consumer, a more complex and purer DSD is more flexible in terms of further usage 
in automated processes. A related principle is the fitness for use throughout the entire 
statistical business process, at least from collection to exchange and dissemination. The 
requirements of the different process phases may diverge as often more detailed data is 
collected than disseminated. Also, national data sharing is typically more granular than 
data sharing between national and international organizations or with the general public. 
This divergence can be addressed by means of a "master DSD" with all concepts and 
code lists required throughout the process and related "satellite DSDs" defined by 
constraints on the master DSD to limit the structure to what is needed at a certain stage in 
the process. This helps maximize the extent to which artefacts are shared between the 
DSDs, and hence harmonized. Instead of satellite DSDs, the constraints can also be 
specified at the level of a data flow or a data provisioning agreement. 
 
 
3. Usage contexts 
 
Different DSD usage contexts have specific requirements and different data structuring 
approaches suit these requirements to varying extents. For example, time series data 



require time to be a dimension in the data structure definition, while it may just be an 
attribute for cross-sectional data. Similarly, micro data (not covered by the DSD 
Guidelines (SDMX 2012a)) need a dimension that uniquely identifies each observation 
unit, whereas aggregated data do not have this requirement.  
 
A related distinction is the one between single- and multi-domain data structures. For 
multi-domain data it may be difficult to define a single DSD with pure concepts. 
Consider for instance a data structure that is supposed to cover selected labor market and 
trade indicators. Cross-domain concepts such as Reporting Country, Frequency, and Unit 
of Measure, obviously apply to both domains. Besides, the two domains may share 
additional classification concepts, e.g., the type of economic activity/product. Other 
relevant concepts differ between the domains, though. Labor market indicators may 
include breakdowns by gender or age, whereas trade statistics may contain additional 
cross-classifications by terms of trade or destination country. This raises a couple of 
questions: Should all concepts be put into one DSD, despite the applicability of some 
concepts to only one of the two domains? Should this be done by combining the relevant 
concepts into one dimension with a longer (and maybe hierarchical) code list? Or is it 
preferable to split the data structure into one DSD for each domain covered?  
 
Questions like these also apply to multi-purpose (as opposed to single-purpose) data 
structures. Multi-purpose data structures are typically used in different, related data 
exchange exercises that may be represented by different data flows. They are used to 
collect and/or disseminate related data, typically in the same domain(s), by different 
organizations or by one organization. An example for a multi-purpose scenario is a supra-
national organization such as Eurostat or the ECB acting as a “data hub” for its member 
countries in terms of data exchange with international organizations like the IMF or the 
UN. In this scenario, for instance the ECB may collect data for its own purposes, but also 
for its member countries’ reporting duties to the IMF, the OECD, and the BIS. The data 
would (partially) be redistributed to the international organizations so national banks and 
statistical offices would not have to report the same (or very similar) data many times. 
 
The type or level of data exchange also plays an important role. In terms of required 
concepts, data exchange within an organization may necessitate less context information 
(that is, less (mandatory) attributes) than data exchange between organizations. Referring 
to official standards may provide this context information as well, even for exchanges 
between organizations. International data exchanges, no matter if among international 
organizations or between international organizations and national member organizations, 
typically aim at cross-country comparisons of (highly) aggregated indicators. National 
data exchanges often require more detailed data structures (e.g., longer code lists or 
further concepts for additional breakdowns), alternative code labels (in national 
languages), or additional concepts that explain national methodologies which may differ 
from standard or recommended methodologies that are the basis of standard code lists. 
Data dissemination to the general public usually involves interaction with human users 
and hence requires less complex data structures and easier-to-grasp data discovery and 
retrieval mechanisms than machine-to-machine communication that is often used within 
and between organizations. As demonstrated by the recent emergence of Open Data 



initiatives, there is a growing demand to make data publicly available and to enable 
automated reading of data from the web via application programming interfaces (APIs). 
 
In addition to the type of data exchange and the type of data recipient (machine or 
human), an actor's role determines whether certain features of data structuring approaches 
are regarded as pros or cons. For example, a very complex DSD with many dimensions 
may be beneficial from a data collection and processing point of view because of its 
flexibility, but less attractive from the perspective of the data provider in the same data 
exchange. Further examples and characteristics of data sharing contexts are discussed in 
the full SDMX DSD Guidelines (2012a). 
 
 
4. Data structuring approaches 
 
The two major challenges in DSD development are the specification of (i) the number 
and content of the dimensions required to identify an observation, and (ii) the number of 
DSDs needed. The former is due to the tradeoff between vertical and horizontal data 
structure complexity, or in other words simplicity and purity. High horizontal or between-
dimension complexity refers to a very granular decomposition of the observation key into 
many dimensions with shorter code lists. In contrast, high vertical or within-dimension 
complexity is characterized by fewer dimensions with longer, typically more complex 
code lists with more hierarchy levels.  
 
The decision on content and number of concepts in a DSD leads to the question of how to 
decompose the “indicator” dimension. There are some cross-domain concepts, such as 
geographical and temporal reference or unit of measure, that are relevant in most DSDs. 
Once those are defined (the usage of the SDMX COG (2009) is highly recommended!) 
the actual subject-matter concepts remain. One option is to combine all those concepts 
into one “indicator” dimension which may make sense in certain scenarios, for example 
for smaller single-domain, single-purpose DSDs with few or no cross-classifications or 
for display in an end-user dissemination tool, but is not recommended in general. The 
other extreme strategy is to decompose into as many components as possible by splitting 
any breakdown concepts from the core indicator concept.  
 
While there may not be a generic solution for the simple identifiers vs. pure concepts 
issue, SDMX 2.1 provides a means of dealing with the one or many DSDs question. It 
allows the specification of constraints in DSDs, data flow definitions, and data provision 
agreements. This enables the specification of master artefacts on the one hand and of 
satellite artefacts derived from those master structures via constraints on the other hand. 
This applies to concept schemes, code lists, and DSDs. Also, structure maps can be used 
to define virtual satellite DSDs by leaving the irrelevant dimensions unmapped instead of 
constraining them to a “not applicable” value. For a more in-depth discussion of these 
two major challenges of DSD development see the full DSD guidelines (SDMX 2012a). 
 
 
5. Minimum structural and semantic requirements 



 
Although each data exchange scenario has specific requirements, especially on whether a 
concept needs to be a dimension, a mandatory or conditional attribute, and on the 
attachment level of attributes, a small set of minimum structural and semantic 
requirements can be defined for all scenarios. Certain concepts can be broadly agreed 
upon as being relevant in any data exchange, although their roles may differ between 
scenarios. The SDMX Content-Oriented Guidelines (2009) define many of these cross-
domain concepts and, thus, should be referred to for further details on their specification.  
 
In general, multi-purpose and multi-domain scenarios may require more concepts than 
single-purpose and/or -domain scenarios. This mainly applies to domain-specific 
concepts and concepts that inform about the data source, provider, or process. Exchanges 
between organizations, especially on an international level, typically require more 
concepts to cover context information, as data are transferred out of their usual context, 
meaning that users in the new context do not have the same knowledge of the data and 
may need additional background information. For exchanges of data within an 
organization, some context information may be common (implicit) knowledge so that it 
does not need to be made explicit in the data structure. For example, it may be obvious 
within the ECB that the data source of certain data is the national bank of the reporting 
country, or that certain data are always presented in Euros. An analogous argument can 
be brought forward for the exchange of data that comply with a certain (international) 
standard. In order to specify particular methodological aspects, it may be sufficient to 
refer to that standard (e.g., SNA2008) for a user familiar with the standard. But even in 
the two examples given it is preferable to adhere to the recommendations for 
(international) data exchange between organizations and include each concept that is 
required for proper interpretation by someone without prior knowledge of the data.  
 
The SDMX DSD Guidelines (2012a) provide a list of concepts that are considered as 
required at a minimum in any DSD for macro data as well as a list of additional concepts 
that are of high relevance in certain scenarios but not required for all scenarios. Reference 
area and unit of measure are required concepts in DSDs for time series and cross-
sectional macro data. They may be represented as dimension or mandatory attribute 
depending on whether or not they are required to uniquely identify an observation or not. 
In terms of reusability of DSDs and fitness for future needs it may make sense though to 
specify them as dimensions. Frequency is only relevant for time series and may also be 
specified as dimension or mandatory attribute at the appropriate attachment level. Further 
dimensions are time period (only for time series; for cross-sectional data it will typically 
be a mandatory attribute at the DSD level) and all domain-specific “indicator” 
dimensions. Further mandatory attributes for macro data DSDs are unit multiplier, 
decimals, time format, and date of last data update. Adjustment and time period – 
collection are required for time series. 
 
Each concept can only be used once as a dimension or an attribute in one DSD. Each 
attribute must be explicitly attached to an observation, series, or group. The attachment 
level depends on whether the value of the attribute changes by observation, observation 
group, or time series, or is the same for all observations. In the latter case, the attribute 



has to be specified at the data flow or dataset level. For some attributes included in the 
minimum requirements, a certain attachment level applies, for others the attachment level 
depends on the data. For example, the time series title has to be attached at the time series 
level and the observation status at the observation level. Series and groups are useful 
groupings of observations that allow the specification of attributes for a set of 
observations instead of having to declare those attributes for every data point. This 
improves the readability of an SDMX data file, reduces the size of the data file, and can 
even increase the processing efficiency. 
 
 
6. Step-by-step guide 
 
Figure 1 provides an overview of the overall DSD design process.  
 

1. Specify context

2. Identify relevant 

existing DSDs

3. Check DSD 

suitability

4.2. Use suitable 

DSDs

4.3. Define new 

DSDs

5. Define supporting 

artefacts

4.1. Define modified 

DSDs

available not available

partly suitable suitable not suitable

 

Figure 1. High-level overview of the DSD design process 
 
As a first step, the context of the data exchange(s) that should be covered by the DSD(s) 
is defined in terms of purpose, domains, level of exchange, type of data, type of recipient, 
role of in data exchange, process pattern, and GSBPM phase. Since reusing existing 
artefacts is one of the guiding principles, the second step identifies existing DSDs that 
may be reused. In case relevant DSDs are available, their suitability in the present context 
is evaluated in step 3. Aspects to be taken into account are concept coverage, concept 
roles, attribute attachment levels, and code lists. Step 4 is subject to the outcome of step 
3. In case of a favorable assessment, the DSDs are simply reused. If the DSDs are partly 
suitable, modified versions can be derived. If the DSDs are not suitable or if no relevant 
DSDs are available at all, new DSDs will be defined following one of the data structuring 
approaches. Figure 2 illustrates this process step in more detail. Finally, supporting 
artefacts such as data flow definitions and data provision agreements are defined.  
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Figure 2. Details of the DSD design process 



The full DSD Guidelines (SDMX 2012a) provide more in-depth descriptions and 
illustrations of the individual process steps as well as a glossary of terms and a brief 
introduction to DSDs to support users less familiar with the subject. Figure 3 compiles 
those steps into a checklist for DSD designers to help make sure all relevant aspects are 
considered in the design process.  
 

Specify context ����

Identify relevant existing DSDs ����

Check DSD suitability ����

If DSDs partly suitable: Define modified DSDs ����

If DSDs suitable: Use them ����

If DSDs not suitable or not available: Define new DSDs ����

Specify concepts ����

Decide DSD structuring approach ����

Identify relevant existing concepts ����

Check concept suitability ����

If suitable: Use concepts ����

If not suitable or not available: Define new concepts ����

Define concept roles ����

Define groups ����

Define attribute attachment levels ����

Specify code lists ����

Identify relevant existing code lists ����

Check code list suitability ����

If suitable: Use code lists ����

If partly suitable: Define modified code lists ����

If not suitable or not available: Define new code lists ����

Specify data formats ����

Assemble DSDs ����

Define supporting artefacts ����

 
Figure 3. Checklist for DSD design process 
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Abstract  
    

Even as access to transactional data has been transformed by harnessing electronic flows, 
use of satellite imagery, research access to linked customer level records, and 
harmonising collections across jurisdictions, official statisticians are under pressure to 
detect significant turning points within response times and resolutions that cannot be 
handled by present estimation methods.  
 
State space models can be used to combine sources of data efficiently while respecting 
quality demands in advising government decision making. Specifically we phrase the 
measure problem as how to combine high quality, high cost, unit level information 
obtained from a sparse sample with ‘short’ granular population views in an optimal 
manner with calculable error structure. We indicate the potential of recursive predictive 
methods to deliver satisfactory estimates from repeated surveys, and from systems for 
monitoring public forest cover and for welfare payment assurance.  
 
Keywords: Kalman filters, measurement error, restriction estimators  
 
 

1. Introduction 
    

The task of an official statistician is changing. Building purpose-constructed collection 
frameworks backed by high profile censuses no longer drives work programs. This 
established order is being overshadowed by the search for authoritative inferential 
methods when augmenting expensive, carefully designed and executed, collections using 
administrative registers of reasonable quality, and cheap byproduct transactional data 
(‘big’ data) captured in the course of government, social or commercial business, with 
little or no discernible design1. 
 
National surveys, grounded in sampling theory were developed through the 1930s and 
1940s, operationalized from the 1950s and elaborated and qualified thereafter. They have 
come to be relied on as the principal source of official series even as production 
constraints and contested demands on them from a many faceted user community 

                                                 
1 Encapsulated in remarks  by then Director of the US Census Bureau  Groves (2011) in a blog post  



exposed their limitations. In consequence surveys are being reconceptualised as only one 
of several equipotent sources of data2.   
 
Broadening the collection base, preserving quality and improving responsiveness are to 
be achieved within a standing budget constraint. In consequence methods interest has 
moved from the absolute question: how to design a collection that can guide policy 
positions, to how to manoeuvre ill-fitting operations to meet emergent policy challenges.  
 
Adapting the production of statistics in familiar standardised formats within an 
increasingly strange external environment focussed attention from the 1990s, and excited 
methods activity in at least four directions: a renewed effort to harmonise concepts and 
methods; a drive to bring models into estimation systems within deteriorating conditions 
for survey collection (cost and response); application of statistical discipline to database 
strategies as use of large data stores in a public decision environment was grasped; 
subjecting the activity of official statistical production to strictures of quality assurance. 
This flowering is manifest in international conferences, themed city meetings; and 
regional practitioner workshops initiated during the period in question. 
 
Official statistics is evolving from a compendium of material collected under privilege 
and in a controlled statutory environment to be released at regular intervals as a quality 
guaranteed product, to an information system capturing transactions at far finer levels 
than previously envisaged in collection frameworks, the volumes far larger, more 
inchoate and more immediate than in established databases, and coverage not respecting 
state but rather natural boundaries of the activity in question. The policy demand on 
official numbers too has changed, partly responding to opening of government to more 
players, partly the multi-layering and regionalisation of policy beyond state confines, and 
partly because of the compounding of public administration through external impacts, 
and through general equilibrium consequences of individual or social acts (such as global 
impacts of unregulated commercial activity in one market or by one firm). It is now not 
sufficient or appropriate to assume a static economic model for human or firm behaviour 
when that behaviour can be tracked in granular detail through time. 
 
Not only does this opening reflect shifting concepts of social structure, geography or 
jurisdiction. Deficiencies in accepted frameworks of inference have become apparent: 
instrument integrity can no longer exclude the rich conditionality that exists between 
individual measures and a social or economic support. Panel surveys have been used both 
for convenience and cost, and to capture life course statistics (whether dealing with 
people or firms) and have as such been staple fare in the margin of official statistics. 
Because of the absence of accepted rules for stochastic inference over time their rich 
covariance structure has been overlooked in justifying estimates within the official 
record. Likewise monitoring the national estate has entailed complex survey designs 
along with mapping methods, but is now being pushed to capture focal damage and 
incident effects beyond the reach of either ground or aerial surveys or remote sensing 

                                                 
2 Although this shift is uneven. As Wallgren and Wallgren (2011) point out, administrative data plays a 
more central role in the conceptualisation of official statistics in the Nordic countries who historically have 
had access to multiple registers for compiling statistics. 



systems on their own. Risk assurance in transfer payment accounting requires selected 
full entitlement reviews and access to administrative records – once again inference can 
be built by recursive incorporation of system information and expert observation. 
 
 
2. How does this translate to methods? 
 
We can summarise the methods challenge: 

• How to infer across a continuous decision support where linear interpolation is no 
longer credible 

• How to build series where what is of interest is not directly measurable using 
available instruments 

• How to build an affordable and responsive information service that matches the 
dynamics of policy at a variety of levels of conception (topic, geography, legal 
statute, sociology, system of production) 

• How to justify release of hybrid statistical information, equivalently how to assure 
credibility to published material – whether in summary (aggregated) form or in 
unit form or as a source for different avenues of release 

• How to assign weight to different sources of correlated information – ranging 
from purposeful statistical design to ‘big data’ transaction capture. 

It might equally be expressed as ‘build algorithms to…’ using the conceit of Beulens and 
colleagues (2012). We interpret an algorithm as a method for extending stochastic design 
in time and space using resampling, Bayes theorem and nonparametric optimisation, or 
equally problem reduction using models and iterated numerical means. 
 
The inspiration for tackling this problem in its full generality has come from results in 
Knottnerus (2003) specifically Chapter 12, building on the concept of model assistance 
expounded in Saerndal, et al (1992). Knottnerus demonstrates that generalised regression 
estimators are special cases of a new class of Restriction Estimator (RE) and its recursive 
extension (RRE). His figure 12.2 (p347) represents the key result. Knottnerus (2003) 
throughout emphasises the familial connection between Gaussian and Bayesian statistics, 
and systems theory and numerical analysis. It is the remarkable convergence in these 
results which gives credibility to the program as articulated in Beulens et al (2012)  
       
The RRE offers a solution to the problem of optimal prediction of an unobservable but 
estimable quantity in a granular environment generated by a continuous background 
process where there is a reasonable postulate of correlation between the manifold 
evolution and that of the probe (Czaplewski, 2010b).     
 
On the one hand this formulation lends itself, as sketched below, to spatial analysis or 
process control; on the other it offers to transform the utility of surveys and 
administrative series to deliver decision support for a wide class of policy questions, 
typically the subject of surveys, but leveraging the ubiquity of statistically 
commensurable by-product data, and parametral restrictions generated by prior 
knowledge and design.    
 



The elements of this method are a panel or repeated survey (the probe) using a 
probability design that is time dependent (allowing the sample and the design to change 
in time); an independent source of auxiliary data defining a low dimensional high 
accuracy support for the probe; a priori correlation between key indicator variables and 
process-driven (administrative, geographic, demographic, fiscal) rules; and frames for 
sampling and estimating surveyed quantities. The manner in which successive 
realisations of the probe and support system are composited will optimise final estimate 
efficiencies. The results apply equally to time series smoothing and to static calibration.    
 
This would appear to be ignoring the compounding of errors encountered in the drive 
toward data integration. Bakker (2011) asks in the absence of an overarching theory 
whether integrating source information at unit level can constitute a method at all. As 
remedy Zhang (2012) offers a “2-phase life-cycle model of integrated statistical 
microdata” (p43 fig1), locating error in the different production processes and using an 
audit sample derived, “..probabilistic measure of individual discrepancy”. Zhang takes 
the total survey error construction as it applies to the field effects of probability sampling 
in the public domain (see Groves et al 2004), and applies it to error propagated by an 
administrative source and beyond that to error integrally across a variety of sources. For 
this the RE seems well adapted. Thus Zhang (p51) refers to relevance error, an analogue 
of system innovation, and later (p53) to “misclassification errors generating noise at the 
moment of production, which must be distinguished from the [signal]”. Czaplewski 
(2010b) has demonstrated advantage of RRE techniques in dual spatial survey-census 
data subject to misclassification. Interpreting ‘empirical equivalence’ (Zhang 2012 p56) 
as a step in recursive restriction estimation effectively repositions the microdata problem 
within the new sample survey theory expounded by Knottnerus.  
 
 
3. Formalism 
 
We wish to infer qualities of a population of statistical units evolving in time and within a 
given domain topology, that is a way of defining scope with rules for decomposition into 
subdomains. While the topology is fixed, the boundary may evolve. The domain topology 
would support both administrative regions and sampling frameworks. Observations of the 
population come from a high dimensional unit probe repeated at fixed (or floating) 
intervals, and represented in the spatial domain by a time delimited probability sample. 
The probe collects signals of time and space continuous processes that affect the state of 
units of the population for the purpose of estimating the evolution of a population key 
decision indicator (in time).  
 
To support the probe, a second data source collects low dimension frequently repeated 
measures of the population, or some activity of the population, but giving status insight 
through correlation with the probe variables. The probe and its support are linked by a 
model in the form of a contingency table that relates probability inference laws applying 
to the probe to auxiliary information, itself subject to measurement error. In a first 
estimation phase this model is used in the sample design for the probe – optimal 



clustering, stratification and allocation of sample to strata. A second phase builds strength 
to the sample estimates in adjustment to counter frame and field defects, and calibration. 
 
In a third phase the back history in model assisted estimation and the (quasi) continuous 
back history in the support are recursively combined to optimise characteristics of an 
estimator for extending inference to the entire support and projecting inference forward in 
time, alternatively at one point in time, recursively incorporating measure constraints. 
This step is carried out by use of a mathematical filter that mitigates high variability in 
the probe estimates at subdomain levels, and bias predictions from the support series to 
the target indicators in a systematic and in certain conditions optimal way. 
 
This method is well suited to dynamic graphical representation, and to advanced methods 
of estimate validation. Its generality makes it a candidate for a wide class of signal 
extraction applications common to official statistics. It addresses specifically the 
limitations imposed by rising cost to maintain survey quality, and the emerging 
availability of low cost universal transaction data alluded to in the introduction. 
 
It operates for production of indicators, and internally for error estimation, representing 
data quality in terms of signal extraction and measure error filtering. Effectively it 
remains a design based method, but assisted by time series models supporting recursion 
(state space modelling in discrete time); and models for association (mapping) between a 
design-based estimation procedure and administratively generated auxiliary information 
on the population (generalised regression). This approach conforms to and partly 
generalises the steps Zhang (2012) proposes to conceptualise and measure the statistical 
properties of integrated official data. It remains to build and demonstrate it in realistic 
settings. We sketch three cases where a solution on these lines is suggestive. 
 
 
4. Applying Restriction Estimation 
 
4.1 Panel and Repeated Surveys 
 
Consider a complex survey design to collect population information on one or more 
occasions from one or several samples of clustered units located in time (one or several 
waves) and space (stratified interpenetrating or overlapping clusters). The information is 
needed to support policy decisions concerning a topic of public interest. Represent this 
requirement as an ordered set of statistical indicators and attached reliance measures.  
 
Reliance measures are derived from an analysis of residuals to a generalised regression 
model of target variables against auxiliary information at the probe points,    
 
The estimation apparatus incorporated in the survey design provides an initial value at 
points corresponding to the survey reference and those subdomains for which reliable 
survey estimates can be obtained. It is desired to predict the values that target indicator 
set takes within a continuous support – typically forward to the present (it is unusual for 
probe reference points to coincide with reporting times) and beyond to a predictive near 



future, and to subdomains appropriate to the policy situation (planning regions; basins of 
contagion etc.) with optimal variance/ bias properties attached to the predictor. 
 
The probe is supported by an address register that gives accurate counts of a particular 
target domain (low income households) by household structure and residential location, 
updated fortnightly; together with some demographic and economic information. The 
correlation between target and auxiliaries is affected by sample error in the probe. The 
latter is bounded by the areal support allowed by the survey. It is used to wrap these 
correlations into the sample design (construction of frame, stratification, allocation of 
sample to strata) and estimation procedures and establish benchmarks. This leaves out the 
error implied in the selection/ availability of support (coverage bias, lags, other response 
and scope limitations, cost). 
 
A Bayesian recursion procedure produces a prediction model that extends beyond the 
point in time probe estimators, with formal properties. The system is refreshed 
historically, so that predictions from the model can be refined through each iteration of 
the probe. This recurrence predictor 
 

a) Builds strength from previous probes and continuous support evolution 
b) draws attention to covariate models allowing for application in optimal designs 

and improved fixed point estimates 
c) allows dynamic predictions in space (subject to the domain topology defining the 

state vector  
 
while remaining within a formal design framework, with a straightforward theoretical 
exposition. The quality of estimates is conditioned by the availability and quality of the 
support, and the predictive capacity of the filter3, and will be reflected in the credibility 
properties of the indicators.  
 
Where the support assistance is concentrated at a point in time and has low power in 
modelling performance (diffuse case) the restriction predictor reduces to the survey 
estimate with its limited inference capability. Where support variables span the dynamic 
predictive space, the predictors assume (continuous) properties of the support itself. 
Between these extremes the predictor optimally combines the information from the probe 
and the support, improving on both as information sources 
 
4.2 Payment Process Control 
 
The probe is a repeated stratified random sample survey of customers with annual 
refreshment of sample design, trimesterly field issue and data return and quarterly public 
release. Model assistance (generalised regression) is used for published estimates. 
Calibration is against marginal totals (outlays and average customer numbers) that are 
derived from the accounting system on a fortnight by fortnight basis. The series is 
supported by an administrative database of social security transactions, assembling 

                                                 
3 Measured by the covariance matrix relating  auxiliary and target variables -  



customer characteristics typically required for determining eligibility for payment. The 
database is used in designing and drawing the sample, and to link probe information to 
payment history (forwards and backwards). 
 
The performance indicator around which the series is built is mispayment rate (the 
consolidated discrepancy between what is paid and pay entitlement, represented as 
proportion of total outlay for performance monitoring and assurance purposes). This rate 
requires an elaborate (and expensive) survey apparatus to be accurately and consistently 
determined. The high cost of approaching individual customers and the low incidence of 
mispayment motivate optimally compositing survey and administrative information. 
Furthermore representing the target measure as a filtered time series makes the recasting 
of the problem from one of audit to one of statistical process control natural, and 
accessible to service managers, and policy analysts. 
 
This apparatus incidentally allows a broader application to the health of the payments 
system as a whole – measuring performance against generally accepted social security 
objectives through using household structural information picked up in the probe – but 
not collected administratively - to extend the capacity of administrative data resource. 
This use suggests application to ad hoc customer surveys with more general topic 
coverage; and adds to the case of regular monitors of the customer population to evaluate 
attitudes, circumstances and capacities on and off payments. See (Horn 2008). 
 
4.3 Forest Resource Estimation 
 
The probe is a simple systematic sample of permanent PSUs on a 5-km grid that covers 
the entire USA, 120000 of which reside in forests. Forest and tree-level field 
measurements are made for a 10-percent non-overlapping interpenetrating subsample 
each year. Each panel supports a design-unbiased estimator for indicators of forest 
condition and extent, with independent sampling errors among panels. The PSUs within 
each panel are re-measured once every ten years such that decadal changes for each PSU 
are known. This permits design-unbiased estimates of decadal change from each panel.  
 
In addition, remotely sensed imagery from space-borne satellites is available each year. 
These include pixel-level measurements of reflected multispectral light. The synoptic 
coverage is well suited for detection of changes in land use and catastrophic disturbances 
(e.g., large wildfires). While relatively rare at an annual time-scale and across extensive 
landscapes, these changes can be significant in aggregate, scantly represented in a sparse 
systematic sampling frame, and the subject of important analyses. The set of pixels fully 
covers the entire nation, and are thus, analogous to administrative information in surveys 
of human endeavours. 
 
Forest dynamics have long been studied with assistance from deterministic process 
models, which predict annual changes in forest composition at the scale of an individual 
PSU. There has been a long history of deterministic econometric models that predict 
changes at broad landscape-scales driven by markets for wood products and competing 
land uses. While these models are often fit with PSU-level data from sample-surveys of 



forests, predictions from those models are rarely used to improve time-series of sample-
survey estimates.  
 
Presently, annual estimates for large areas take the form of a five-year moving average of 
estimates from the most recent five panels. All pixels within a single-date of remotely 
sensed imagery are classified into the categories of “forest” and “nonforest”, the 
geographic location of each PSU is registered to this imagery. Furthermore, each PSU is 
classified regarding its geopolitical membership (e.g., state, municipality), and these are 
cross-classified with the binary remotely sensed categories for post-stratification. 
Geopolitical post-stratification assures that area statistics agree with official census 
statistics.  
 
While these methods are simple and robust, they do have limitations. In any dynamic 
landscape that is not at equilibrium, the five-year moving average suffers from lag-biased 
if the moving average is treated as an estimator of conditions during the terminal year. 
Analyses of changes over time are limited to measured changes for each PSU over ten 
years, and the moving average confounds interpretations of annual changes. Many cross-
classified strata have few PSUs. Post-stratification precludes potential gains from many 
other sources of remotely sensed data, especially detection of rapid changes in land use 
and catastrophic disturbances. These simple methods are insufficient for reliable 
estimates for small areas using wealth of available auxiliary information. 
 
Model-based estimators could gain strength from the aforementioned deterministic 
models. However, model-based estimators pose risks from prediction bias. Risk may be 
managed through judicious attention to residual differences between model predictions 
and unbiased sample survey estimates. Analyses of residuals can reveal patterns in model 
prediction errors. The resulting surprises can detect early symptoms of unexpected 
change and focus attention on subtle trends in poorly-modelled deterministic processes.  
More details are in (Czaplewski and Thompson 2008). 
 
  
5. Discussion 
 
The idea behind the recursive restriction estimator is not entirely new – as Czaplewski 
points out it is equivalent to the multivariate composite indicator and a form of the static 
the Kalman filter for which there exists a large literature (Czaplewski 2010a p19). What 
is surprising is the natural way that it can be put to use to settle theoretical problems 
surrounding de facto hybrid estimation employed in official statistics. 20 years ago 
model-assistance brought auxiliary data into sample survey theory and introduced the 
generalised regression estimator but left unresolved the cross over between sampling and 
measurement error. Rephrasing the problem in Bayesian terms it is possible to bring both 
sorts of error together in a unified theory, respecting design principles, while allowing for 
extra design constraints outside of the sampling sphere. 
 
The robustness of the theoretical apparatus aside, these methods remain limited by 
availability of algorithms required for heavy duty matrix manipulations. Even here RRE 



has something to offer through its link to the Kalman filter: “the engineering perspective 
contributes essential solutions ..to numerical problems [that have] posed a stubborn 
obstacle to optimal estimation” Czaplewski op cit. In other developments – in this case in 
data linkage and automated edit and imputation - Winkler reports important progress in 
developing workable data matching and linking algorithms. It is not farfetched to imagine 
rephrasing the data linkage problem – until know largely computational, within the 
language of recursive restriction estimation.     
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Abstract  
 

We don't make them like that anymore, and it's a good job too! 

Industrialisation and standardization lead to constant product quality in time. In 
official statistics, just as in car manufacturing, intermediate statistical products and 
final statistical products should have a constant quality level according the pre-set 
specifications. These specifications include the quality level and their allowed 
tolerances. This way individual quality reporting is not needed anymore because 
every product is according the specifications. The required quality level depends on 
the intended use. Based on ideas of the accountancy world about sufficient quality 
we could say:  

The quality of statistical information is insufficient if a better figure resulted into 
another decision.  

If there is a need to improve quality we should make a distinction between process 
and product quality. Improving product quality during a production cycle is only 
allowed if they do not meet yet the pre-set specifications. Improving process quality 
should lead to more efficiency and more robust product quality. Changing product 
specifications, including the pre-set quality level, leads to product and process 
redesign and to explicit communication with users.  

The producer of statistical information informs the users about the intended use. 
The quality level is sufficient for this intended use. Actual use is monitored to avoid 
miss-use. 

 
Keywords: Intended use, actual use, quality level 
 
 



1. Introduction 

International efforts like the Generic Statistical Business Process Model (GSBPM) and 
the Generic Statistical Information Model (GSIM) are meant to modernise the way 
official statistics are compiled. These efforts are supported and initiated by groups like 
the High-Level Group for Strategic Developments in Business Architecture in Statistics 
(HLG-BAS) and the ESS Sponsorship on Standardization (SoS). These new ways of 
producing statistics will have also impact on our way of managing processes and quality. 
In this paper we are looking for similarities between the approach of external 
industrialised production processes, as in the car industry, and the production process of 
official statistics. The first issue is how to set the quality level or in other words the 
specifications of the statistical product. What quality is good enough? We will look at 
some practices in the accountancy, which may give us guidance.  
Once the specifications are set in the first two phases of GSBPM, Specify needs and 
Design, it is the task of the production department to produce statistical information 
according these specifications. This means production of constant quality with set and 
known tolerances. Improvements in the production phase should not lead to changes in 
the specifications. If a Lada was designed, we do not expect a Mercedes rolling from the 
assembling line or vice versa of course.  
This brings us to the second issue of the paper. If quality is constant in time, there is no 
need for producing quality reports every time an indicator is produced. The specifications 
set at the design phase are sufficient to present the quality or properties of the statistical 
product. Of course there will be a need for the assembling line to test the accordance with 
de specifications. Only in case of deviations from the specifications some kind of 
warning is needed. 
In the paper this view will be more elaborated and explained and we will see how this 
leads to guidelines for process management and quality reporting. 



2. Recommendations 

The aim of this paper is to guide statisticians with the difficult question ‘what is 
sufficient quality of statistical information?’  Secondly the paper is dealing with the 
way of quality reporting in an industrialized production process of statistics. Some 
recommendations are already standard practices in statistics but to be (more) complete 
they are also included in this section.  
To use statistical information, users should be informed about the quality, the intended 
use and the interpretation. Beside this, they should trust the producer. Producers of 
official statistics deal with this.  
The mark ‘official statistics’ should be similar to ‘trusted statistics’. This so-called 
institutional quality  is supported by legislative instruments like national laws on 
statistics and on the European level the European Code of Practice.  To support the 
institutional reliability, producers of official statistics should be without any interest in 
the level of the figures itself. In this respect producers of official statistics often can be 
distinguished from other producers.   
Statistical information can be used by different users in many different ways. The 
question is whether all those heterogeneous users are able enough to understand the 
specifications and quality reports and can judge whether the quality of the statistical 
information is sufficient for their use. The producer can be helpful in this regard and 
present additional information about ‘what can you do with it?’ instead of ‘what is it?’. 
This way the producer of official statistics is more assisting users. The producer also 
guarantees that the issued quality is sufficient for this announced intended use. In the 
quality world this is called ‘fitness for use’.  
This approach also gives an idea about what should be the minimal needed quality. In 
the accountancy world annual reports about the financial results are to present a 
faithful  view on reality and the quality should such that (investment) decisions were 
not be different if the quality of the figures was higher.  
The main recommendations for producers of official statistics are:  

1. The producer has an own responsibility. The producer sets the specifications 
after consulting users regarding the intended use. The quality level is set during 
the design phase and is part of the specifications. From the user they expect 
common sense but no technical knowledge about statistics itself. Users tend 
towards blind confidence in official statistics. They should not be disappointed.  

2. The quality of statistical information is insufficient if a better figure resulted 
into another decision. Implicit this sets the quality level and  allowed tolerances. 
During the design phase of the production process these specifications should be 
set.  

3. The producer should deliver constant quality. Every production cycle should 
result in products of the same and not of maximal product quality. Before 
dissemination the producer checks the quality level. It is also cost effective to 
deliver constant quality. Besides this, varying quality over time decreases the 
overall quality of time series. 



4. Dissemination of statistical information without additional warnings implies 
the data are according the specifications. Publication implies automatically 
that the quality of the statistical information is sufficient for the intended use. 
This is a kind of guarantee from the producer. Individual reports on quality are 
not needed in this case. Internally the producer will of course check whether the 
product is according the specifications.  

5. Figures with a quality level outside the agreed-upon tolerances lead always 
to actions. Examples of those actions are: postpone publication, increase internal 
efforts, withdraw figures, and warn users. Of course before dissemination there 
are other options if the wrong figures have not already been published. At least 
there should be an evaluation how to prevent such an accident next time.  

6. The producer monitors actual use. Improper use will be noticed especially if it 
is made by policy makers. It is good if the actual use is broader than the intended 
use, but the specifications should tolerate this. Beforehand as well as afterwards 
the producer should warn for improper use. 

7. The producer indicates for what kind of use the statistical information may 
be used. This is the intended use set at the Specify Needs phase of GSBPM 
supplemented with the allowed actual use. This is part of the relevance of the 
information. The producer cannot guarantee the specifications are sufficient for 
every use.  

8. The output architecture and the way of dissemination statistical information 
take into account that some information has a certain quality level which 
makes use for policy making impossible. The producer should avoid miss-use 
because of misunderstanding the quality level or not reading the specifications by 
the users by using other output channels. 

9. Variation of input quality stresses the need for standardisation. The 
fundamental difference between producing a car or producing statistics is the 
possible variation in quality of the inputs. Car producers are able to enforce 
constant quality over there. Producers of statistics are less powerful to do so. 
Subject matter knowledge and flexibility in using standard tools is needed to 
improve the quality as early as possible in the production process to the required 
quality level. 

3. Constant quality with tolerances 

Major attempts are nowadays going on to improve efficiency of official statistics. There 
are different ways doing this. One way is to reduce development costs. Are we able to 
share methods, software and other tools between statistics and between NSI’s? Another 
way is to reduce human intervention during the production process. We call this 
industrialisation of official statistics. Are we able to produce statistics as in an 
assembling line? What can we learn from the outside world, where in the past already 
these industrialized ways of production have been invented?  



The key word is ´constant quality´ over there. This means that every component and 
every final product is equal within certain limits. Take as example the car industry. Once 
designed and once the production line is set up, the task of the production line is to 
produce every car with exactly the same characteristics according the specifications set 
during the design phase. Design and development phases are completely separated from 
the production phase.  
Process quality means in this regard the ability to produce in time units with constant 
product quality according the specifications. Improving processes means lowering costs 
or improving the robustness of the production process, i.e. make products more equal. It 
means not changing the specifications of the product. In case a process is not able to 
produce according the specifications, the process has to be redesigned.  
Product quality is tested during the production process and at the end of the production 
line. A quality report is not presented to the user. The user has to accept that every car is 
more or less equal and according the specifications. This is always within certain 
tolerances. If something is really wrong, there is a guarantee that the producer will make 
an correction.  
Recapitulated, the process should be always having maximum quality to produce 
products of constant quality. Constant product quality is not equivalent to maximum 
product quality. The advantage of a car manufacturer is that he could force all his inputs, 
like steel but also semi-final products like chairs, to be of a constant quality.  
In statistics our input is not of a constant quality. We have to deal with item and record 
nonresponse, varying quality of our data suppliers and other data errors. This is daily 
business and within certain tolerances not a big problem. Statistics invented scientific 
methods like editing and imputation to improve the quality of the dataset. There are also 
special methods to improve the response rate. So it means statistics is able to deliver 
datasets with a more or less constant or sufficient quality after a certain phase in their 
production process.  
In practice statisticians like to improve their products or semi products every production 
cycle to the maximum. Examples in the past were unannounced cleaning actions on 
business registers to improve the quality of the register, but because they were used as 
sample frame for business statistics the time series were ruined. Another example is to 
increase the response rate. The comparability in time of an indicator will be decreased if 
response rates vary in time. So also in statistics we must recognise the importance of the 
principle of constant quality. Even after publication of the figures, statisticians do not like 
to throw away later arrived response. This is also the main difference between industrial 
production and craftsman production. A craftsman wants to improve the quality of his 
unique product to the limit. Statisticians have to be convinced that improvement actions 
are not always desirable.  
So first we have to set the specifications of our products as good as possible. Starting 
with the specification of the final product, the specifications of the intermediate products 
should be derived.  
And secondly we have to convince the production department to produce constant 
quality. The specifications include not only concepts like turnover or classifications like 
NACE, but also quality indicators like accuracy, response rates ànd their tolerances. One 
could even imagine talking about tolerances of the concepts. Are we allowed to use sales 
as a proxy of turnover? Could we use slightly different statistical units or populations 



instead of the ideal ones? Normally we deal with these tolerances during the design phase 
in the negotiations with our users. Once set and agreed by our users, we assume that the 
concepts in our specifications are equal to the original target concepts. This step is often 
forgotten in a redesign phase when new negotiations are done with our users. Is the 
concept of Consumer price indices for example really the concept users are looking for? 
Or are they used to this concept and are they (and we) forgotten that this concept was 
developed in a time there was no other method possible to tell something about inflation? 
Redesign nowadays often means: make the same in a more efficient way. It is good to 
step back before starting redesign to take a closer look to the concepts too. 
If there is a need to improve product quality, it should always start with new 
consultations of users. In most of the cases change of specifications leads to distortion of 
time series. Users and producers should be aware of this. 

4. Sufficient product quality. 

In the previous section the need for constant product quality was elaborated. One could 
even develop a quality indicator on this as an indicator for comparability. But what 
quality level is needed? Jumping to conclusions current practice in statistics is that apart 
from the data, the producers disseminate also specifications, indicators about product 
quality. Users must make themselves familiar with these quality indicators and decide for 
themselves whether or not the quality level is sufficient for the intended use.  
A better way is to involve important users in the setting of all specifications including the 
quality level. The intended use statistical information should set the specifications. One 
could distinguish for instance the following types of use: 

1. Direct actions. Directly without intervention based on the outcome of a statistical 
indicator. This could be the amount or rise of contributions or payments according 
a contract. This could also be the start of administrative procedures.  

2. Policy making. Indicators are used for policy making or measuring the results of 
policy making. 

3. Rough impression. The indicator is used together with other indicators to get an 
impression about a certain phenomenon. 

4. Scientific use not for policy making. Based on aggregated information a scientist 
want to perform some analysis.  

5. Other explicit use of an indicator. 

Each use or kind of use could lead to its specific quality level. To set the quality level the 
foreseen intended use for the main users should be known. Users and producers should 
agree on the quality level. The NSI should guarantee that the output of every process run 
has a product quality sufficient for this intended use. No individual quality report is 
needed in this case. If the quality is below the specifications including the tolerances, the 
producer should decide what to do. One could disseminate with a warning or delay the 
dissemination to improve for instance the accuracy. But even in this case users should be 
warned because the quality specifications of punctuality or timeliness are violated.  



In the accountancy world one is also struggling with the concept of sufficient quality of 
annual accounts. Their definition of sufficient quality is: 
Quality is too low if other decisions were made if better figures were known. 
Mostly they talk over there about investment decisions. But also within statistics one 
could use this way of thinking to set quality levels.  
An example is the government deficit and debt. The Excessive Deficit Procedure (EDP) 
starts when the indicator exceeds 3%. This means the quality of the indicator is too low if  

1. The indicator is less than 3%, but the real figure is over 3% or  

2. The indicator is over 3%, but the real figure is below 3%. 

The intended use should be part of the specifications to make users clear what quality 
level is guaranteed. Often statistical information is also used for other purposes than 
foreseen during the specify-needs phase. A producer of statistics cannot guarantee that 
the quality is sufficient for all unforeseen use. But the producer can monitor the actual 
use of the statistical information. And certainly in case of improper use by the 
government a Statistical Authority should warn the users. If the quality level appears to 
be sufficient for an new kind of use, at first unforeseen, the specifications of the statistical 
information could be adjusted by adding this use to the part of the specifications were the 
intended use is recorded. 
Special attention should be given to statistics solely based on administrative data. The 
quality of this information should not be based on the accuracy with respect to the 
administrative source but with respect to the real world phenomenon.  

5. Regular production versus ad hoc production 

Industrialisation could be very helpful to improve efficiency and quality of the regular 
production. By regular production we mean the production of statistical information 
according to a more or less fixed statistical program, the everyday production. Is 
industrialisation also helpful in decreasing time-to-market of new statistics or answering 
ad hoc questions of users? Partly this will depend on how the production process is 
organised. In Statistics Netherlands the concept of Steady States has been introduced: 
during the regular production process, useful in-between products are stored in a central 
database. If new demands could use an existing Steady State, one could benefit from 
work already done for other purposes. The concept of industrialisation is helpful because 
of the constant quality of also the in-between products. Secondly the later in the 
production line the steady state is re-used, the more consistent are the figures and the 
concepts used. The next figure represents a regular simple production chain to illustrate: 
 



Figure 1. Production line with steady states 

 
One should prefer to use steady state B instead of steady state A to produce new products 
like new statistics or ad hoc output. Partly this is already common practice but it is not 
fully incorporated in the overall business architecture. If time series are disseminated and 
one wishes to present also seasonal adjusted series, we do not start all over again with the 
production process. Those new products will need new specifications. The required 
quality level could be higher or lower compared to the quality level of the ‘old’ products. 
It all depends of the intended use. So industrialisation is helpful because of the principle 
of constant quality within each steady state. Standardisation is helpful because more of 
the same concepts and classifications are used and the same tools are deployed.  
In case concepts are constant in time and if new products could be based on already 
available steady states, time series of these new products could be more easy constructed 
in an early stage of their life cycle because of the constant quality of the datasets..  
A fundamental difference between producing a car or producing statistics is the possible 
variation in quality of the inputs. Car producers are able to enforce constant quality over 
there. Producers of statistics are less powerful to do so. Subject matter knowledge and 
flexibility in using standard tools is needed to improve the quality as early as possible in 
the production process to the required quality level. 
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Abstract  
    

The Labor Market Information System (LMIS) project which aims at the implementation 
of a more efficient way of : Collecting Labor market data, Warehousing, and developing 
Policy-Based Indicators. Foresees to  make better use of data that already exist in the 
Statistical Information Systems (SIS) - distributed within different agencies and 
ministries at Kuwait- including the possibility of labor market estimates and occupations 
projection .To create fully integrated data sets for  Labor Market and Labor Statistics  at 
micro level, this paper/project proposes  a ' data warehouse  approach' to statistics driven 
Labor Market Decision-Making in Kuwait . 
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1. Introduction  
    

Data warehousing projects are frequently side-tracked or derailed completely by non-
technical factors, Because data warehouses are infrastructure for sociotechnical systems. 
Politics and the exercise of power are inherent in data warehousing projects, and data 
warehouse designers have to adopt work practices and methods from non-technical 
disciplines, think of themselves in new ways, and employ some fairly sophisticated 
qualitatively sociological methods in order to optimize the chances for successful 
deployment of data warehouses as in Marc (1997). Technically different people have 
different definitions for a data warehouse. The most popular definition came from Inmon 
(1995) defines a data warehouse as “ a subject-oriented, integrated, time-variant, and 
nonvolatile collection of data in support of management’s decision-making process 
”.Kimball (1996)  provided a more concise definition of a data warehouse, states that a 
data warehouse is " a copy of transaction data specifically structured for query and 
analysis ". Greenfield in (1996) " analysis " with  "  reporting ". Ahmad and Ahmad 



(2010) propose the crucial role  of data warehouse for statistical bureau, “ The 
development of data warehouse for an organization helps in storing the statistical 
information that can be helpful in decision making process later on ”. The strategy of 
Information and Communications Technology (ICT) system development in the Central 
Statistical Bureau (CSB) is targeting two frameworks: Meta-Information  Framework 
ensures the systematic use of meta-information inside and outside of the statistical 
information system and provides tools for the security of the internal and external 
integration of the statistical information system. Information-Technological Framework 
to enhance CSB role, improve decision making, increase productivity and improve access 
to statistical information. This project employs the fulfillment of this strategy. 
Information-Technological Framework: supports the functionality of individual processes 
necessary for the fulfillment of the framework content, also includes tools for:  data 
collection and their elaboration, implementation of mathematical models and 
mathematical-statistical methods and system of confirmation, release and dissemination 
of data. The paper structured as following: section 2 Problem Statement and Context. 
Section 3 Methodology. Section 4 Conclusion closing the paper. 
 
 
 
2. Problem Statement and Context 
 
Development and Sustainability is what we all do in attempting to improve our lot and 
measures impacts or success in relation to three dimensions : environment, social 
systems, and economy as in UNDP (2011) on one hand. On the other hand, the 
demographic and socio-economic trends in the GCC (Gulf Cooperation Council) 
countries are crucial issues. The two most important aspects of demographic development 
in Kuwait are : The first is the natural increase of the indigenous population (crude birth 
and death rates, infant and child mortality rates, and the distribution of the population by 
age) and the country’s fertility policy. The second is the growth of the foreign population 
in Kuwait (which from the early 1960s onwards formed the majority of the total 
population), and the country’s migration and labor policies as said in Onn (1998). As per 
the Central Statistical Bureau records 64% approximately of total population are 
foreigners (June /2011)  in a small country like Kuwait which raise up the need to 
develop a labor market policy-based indicators. A professional review at  2012 conducted 
for labor market information (LMI) in Kuwait indicated that no one of relevant Kuwaiti 
Agencies has fully integrated data sets for  Labor Market and Labor Statistics or the full 
picture  (i.e. provides quantitative and the qualitative information and intelligence on the 
labor market that can assist labor market agents in making informed plans, choices, and 
decisions related to their business requirements, career planning, education and training 
offerings, job search, recruitment, labor policies and workforce investment strategies) for 
the Labor Market Information. A Labor Market Information System (LMIS) is a set of 
institutional arrangements, processes, and tools for the collection, integration, analysis, 
support to policy formulation, and dissemination of labor market information. A LMIS 
will assist in minimizing information gaps that lead to mismatches and distortions; and to 
make available signals of supply and demand for skills to the various stakeholders 
responsible for the formulation and implementation of human resource development and 



employment policies and programmes, and private sector decisions. The LMIS would 
also provide policy makers the ability to: (i) monitor the short term developments in the 
labor market,  labor market patterns, the impact by events/crisis, changes in 
unemployment rates  among nationals, movement of wages, etc; (ii) monitor the 
underlying shifts in the workforce: the skills dynamics in an economy, and how education 
and training systems can respond; (iii) develop targeted and evidence-based policy 
interventions; and (iv) assess the impact of policies on specific groups – i.e. nationals, 
expatriate workers, youth, women. 
 
 
Methodology  
 
Practically we develop our methodology which consist of the following steps; 1a: Labor 
Market Situation Analysis:  Professional questionnaire  used to thoroughly analyze all 
LMIS-related labor market databases Kuwait-wide. 1b: Field Visit to relevant agencies / 
Ministries and dedicate the time necessary to examine – in detail – the data and 
connectivity methods available at each, in addition to the database structures and 
technologies used. 2a: Developing Data warehouse Approach at CSB. 2b: Design data 
Warehouse. 2c: Design Mapping table, a mapping of Labor Market Data (LMD) for each 
of the Agency / Ministry that captures the available data, time series of data, database 
technology used, database structure/ER diagrams (to the extent possible), development 
applications used, and connectivity options available for each agency. 3: Labor  
Information will be stored centrally in the data warehouse and their release will be done 
through a dependent Data-mart (including public database), see figure 1. 
 

 
Figure 1:Data Warehouse Approach 

 



 
 
Conclusion 
 
The project not yet completed, LIMS will analyze Labor market database information 
from multiple database systems at one time, and develop online indicators. 
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Abstract  

 
More and more data are being produced by an increasing number of electronic devices 
surrounding us and on the internet. The amount of data and the frequency at which they 
are produced are so vast that they are usually referred to as ‘Big Data’. Because of their 
abundance and the fact that they reflect part of our daily lives, Big Data sources are very 
interesting from an official statistics point of view. This paper discusses opportunities and 
challenges associated with using Big Data for official statistics. Experiences obtained 
with analyses of large amounts of Dutch traffic loop detection records and Dutch social 
media messages are used to illustrate the topics specific to the statistical analysis of Big 
Data.  
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1. Introduction  
   
In our modern world more and more data are generated on the web and produced by 
sensors in the ever growing number of electronic devices surrounding us. The amount of 
data and the frequency at which they are produced have led to the introduction of the 
term ‘Big Data’ (Lynch 2008). These are data sources that can be –generally– described 
as: “high volume, velocity and variety of data that demand cost-effective, innovative 
forms of processing for enhanced insight and decision making”. This is a variant of the 
definition proposed by Gartner (2012). More on Big Data and their innovative potential 
can be found in the McKinsey report (Manyika et al. 2011). 
 
In addition to generating new commercial opportunities in the private sector, Big Data are 
potentially a very interesting data source for official statistics; either for use on their own, 
or in combination with more traditional data sources such as sample surveys and 



administrative registers (Cheung 2012). However, harvesting the information from Big 
Data sources and incorporating it into the statistical production process is not an easy task 
(Daas 2012). The statistical point of view is remarkably underexposed in the work 
‘published’ –mainly in weblogs, conference and white papers– on Big Data. The majority 
of these papers have an IT-perspective as they predominantly focus on soft- and hardware 
issues, and largely fail to address important statistical issues such as coverage, 
representativity, quality, accuracy and precision. When Big Data are being used for 
official statistics it is essential that these issues are considered and dealt with (Cheung 
2012, Daas et al. 2012a, Groves 2011).  
 
In this paper we provide an overview of the current state of the research on the use of Big 
Data for official statistics at our office and the lessons learned so far. Section 2 presents 
two Big Data case studies, followed by a methodological discussion in section 3. 
Conclusions are drawn in section 4.  
 
 
2. Big Data case studies 
 
In this section we report on two Big Data case studies conducted at Statistics 
Netherlands. These studies serve as examples and allow for a more general formulation 
of the statistical issues and challenges, see section 3.  
 
2.1. Analysis of Traffic loop detection data 
 
Traffic loop detection data consists of measurements of traffic intensity. Each loop counts 
the number of vehicles per minute that pass at that location, and measures speed and 
length. Such data are interesting for traffic and transport statistics and potentially also for 
statistics on other economic phenomena related to transport. To this date, data are 
collected at 12,622 measurement locations on Dutch roads and this number is still 
growing vastly. The data are centrally stored in the National Data Warehouse for Traffic 
Information (NDW) and managed by a collaboration of participating government 
organizations (NDW 2012). The National Data Warehouse contains historic traffic data 
collected from 2010 onwards. To determine the usability of the NDW-data for statistics 
and to get an idea of peculiar features, we started by studying minute level data for all 
locations in the Netherlands for a single day: December 1st, 2011. The dataset extracted 
from the NDW contained 76 million records which were analysed in the open source 
software R environment (R Development Core Team 2012). 
 
The data are aggregated over the loops, resulting in a series of counts at minute intervals. 
This series is shown in Figure 1A. The overall profile displays clear morning and evening 
rush hour peaks around 8 am and 5 pm respectively. Remarkably, there is huge variation 
in the numbers of vehicles detected in subsequent minutes: often a high count one minute 
decreases dramatically the next. This phenomenon is caused by the fact that –for quite 
some minutes– not all data are available for all detection loops in the country. This is 
caused by some computers failing to submit data to the warehouse some of the time. 
From a statistical point of view there are various ways to solve this missing data problem. 



 
Figure 1. A) Total number of vehicles detected per minute in the Netherlands on 
December 1st, 2011. B) Results after correcting for missing data. 
 
The simplest solution is to add (impute) the data for the absent detection sites in a 
particular minute, with data reported by the same locations during a short-time interval 
before or after that minute (if available). We did this for blocks of 5 minutes for the entire 
dataset. The result obtained is shown in Figure 1B. Except for a period shortly after 5 pm, 
the majority of the missing data issues were solved by this approach. As a result of 
imputation a total of 35,781,078 vehicle counts were added; this is a bit more than 12% 
of the number of vehicles originally counted, 294,702,822. 
 
With the imputed dataset maps can be created indicating the number of vehicles for each 
measurement location (by using different colours) and, by combining these maps, a 
movie can be created that displays the changes in vehicle counts for all locations during 
the day. Such figures (not shown here) illustrate the increase and decrease of traffic in the 
Netherlands on the day studied (Daas et al. 2012b). Especially traffic between the four 
major cities in the Netherlands was and remained high during working hours and in the 
early evening.  
 
Next the number of vehicles in various length categories was studied. Because not all 
detection sites are able to differentiate vehicle lengths, only those that are able to do so 
were used. This subset consisted of 6002 locations; 48% of the total number of unique 
locations. Vehicles were differentiated in three length categories: small (<= 5.6 meter), 
medium-sized (>5.6 and <= 12.2 meter), and large (> 12.2 meter). The results after 
correction for missing data were used. Because the small vehicle category comprised 
around 75% of all vehicles detected, compared to 12% for the medium-sized and 13% for 
the large vehicles, the normalized results for each category are shown in Figure 2. This 
illustrates the difference in driving behaviour. The small vehicles have clear morning and 
evening rush-hour peaks at 8 am and 5 pm respectively, in line with the overall profile 
(Figure 1). This is not unexpected as this category of vehicles contains the majority of all 
vehicles. The medium-sized vehicles have both an earlier morning and evening rush hour 
peak, at 7 am and 4 pm respectively. The large vehicle category has a clear morning rush  



 
Figure 2. Normalized number of vehicles detected in three length categories on 
December 1st, 2011 after correcting for missing data. Small (<= 5.6 meter), medium-
sized (>5.6 and <= 12.2 meter) and large vehicles (> 12.2 meter) are shown in black, 
dark grey and grey, respectively. Profiles are normalized to clearly reveal the differences 
in driving behaviour. 
  
hour peak around 7 am and displays a more distributed driving behaviour during the 
remainder of the day. After 3 pm the number of large vehicles gradually declines. Most 
remarkable is the decrease in the relative number of medium-sized and large vehicles 
detected at 8 am, during the morning rush hour peak of the small vehicles. This may be 
caused by a deliberate action of the drivers of the medium-sized and large vehicles of 
wanting to avoid the morning rush hour peak of the small vehicles.  
 
Apart from the macro-oriented approach, the profile of a number of individual 
measurement locations was also studied, for example on highway A4 near Bergen op 
Zoom. The total number of vehicles detected at this location is shown in Figure 3. 
Detection at this location does not suffer from missing data and displays the same rush 
hour peaks as Figure 1. Figure 3 additionally illustrates the volatile behaviour of vehicle 
detection data at the micro level. The changes in the number of vehicles counted each 
minute are the result of real changes in the number of vehicles passing at the location. 
These changes are however, from a statistical point of view, not very informative and can 
even negatively affect analysis. For instance when the number of vehicles (of a certain 
length class) are studied at a detailed (regional) level. It is therefore recommended to 
develop statistical methods that cope with such volatility in measured data. 
 
 
2.2. Analysis of Social media messages 
 
It is estimated that around 70% of the Dutch population actively posts messages on Social 
media (Eurostat 2012). The millions of Dutch messages generated each day (Coosto 
2012) may be an interesting data source for statistics. We studied social media messages  



 
Figure 3. Total number of vehicles detected by a measurement location on highway A4 
near Bergen op Zoom. The exact location is shown in the inserts.  
 
from two points of view: content and sentiment. Studies of the content of Dutch Twitter 
messages –the dominant social medium in the Netherlands (see below)– revealed that 
nearly 50% of the messages were composed of ‘pointless babble’ (Daas et al. 2012a). In 
the remainder spare time activities, work, media (TV & radio) and politics were 
predominantly discussed. This suggests that these messages could be used to extract 
opinions, attitudes, and sentiments towards these topics. This opens up possibilities to 
collect a considerable amount of information in a quick way without any response 
burden. The major problem in social media is discriminating the informative from the 
non-informative messages. Because of the large share of the non-informative ‘babble’ 
messages, use of the more serious (informative) messages is negatively affected. Text 
mining approaches used to automatically differentiate between both groups of messages 
have not been very successful so far and require further research. 
 
Another potential use of social media messages is sentiment analysis. Access to over 1.6 
billion public messages written in Dutch from a large number of social media sites was 
obtained through infrastructure provided by Coosto (2012). Messages are sourced from 
the largest social media sites including Twitter, Facebook, Hyves, Google+, and 
LinkedIn, but also from numerous public weblogs and forums. The overall profile of the 
number of messages created per day revealed that from June 2010 onwards increasing 
number of messages were generated in the Netherlands on a daily basis. The latter date 
corresponds to the onset of the increase of public Twitter messages written in Dutch. We 
therefore used June 2010 as the starting date for our studies with August 2012 as the end 
date. With a query language and a web interface, messages were selected from the 
database. The sentiment of each message was automatically determined by counting the 
number of positive and negative words following the general approach described in 
Golder and Macy (2011). Messages were classified as positive, negative or neutral 
depending on their overall score. 
 



Since several studies have been performed in English speaking countries attempting to 
link the sentiment in social media with consumer sentiment (O’Connor et al. 2010, 
Lansdall-Welfare et al. 2012) we were interested in studying this approach for the 
Netherlands. We started by testing a wide range of words of which it could be expected 
that they somehow correlated with consumer sentiment; such as ‘buy’ and ‘mortgage’. 
This proved very difficult. Some words were hardly used and others showed no clear or 
stable dependence. Large differences in the amount and the sentiment of messages were 
observed particularly for words regularly occurring in more popular news (such as 
entertainment and showbiz related). This prompted us to try another approach: using very 
general terms. Interestingly, this general approach worked quite well. These queries 
returned very large amounts of messages, around 600 million for the Dutch articles and 
1.2 billion for the 10 most frequently used Dutch words for the period studied, of which 
the overall sentiment was analysed. A British study used the term ‘Mood of the nation’ 
for this kind of general sentiment (Lansdall-Welfare et al. 2012). The monthly sentiment 
for the period June 2010 till August 2012 derived from Dutch social media messages was 
found to correlate very strongly (0.83) with the officially determined monthly Dutch 
consumer confidence (Statistics Netherlands 2013) and with the sentiment for the sub-
indicator of the attitude towards the economic climate (0.88). Both official indicators are 
based on a sample survey in which 1500 people are interviewed each month. Figure 4 
displays the survey-based series and the corresponding Dutch social media sentiment 
findings. Both series relate very well except for the month of December, where a much 
more positive attitude is found in social media. Removal of all messages including the 
(Dutch) words Christmas and references towards new year and new year's eve reduced 
these peaks and increased the correlation to 0.90. Clearly, the large number of positive 
messages created in December increased the overall positive sentiment during that 
period. This high correlation is remarkable, as the populations from which the data are 
obtained are different. Dutch consumer confidence is obtained from a random sample 
from the population register, while the sentiment in Dutch social media messages shown 
in Figure 4 is derived from around 30 million messages generated each month. These 
messages are created by a considerable part of the population, 70% according to Eurostat 
(2012), but not all messages are written in Dutch and different users post varying 
numbers of messages. Previous work by the authors revealed that the number of Twitter 
messages can vary from 60 per day to not even one message a month (Daas et al. 2012a).  
 
 
3. Discussion 
 
The experience gained through the case studies reveals several issues that need to be 
addressed when exploiting Big Data for use in official statistics. These issues are 
discussed below. 
 
Data exploration 
Typically Big Data sets are made available to us, rather than designed by us. Their 
contents and structure need to be understood prior to using the data for analysis. This is 
called data exploration, often involving visualisation methods (Zikopoulos et al. 2012, ch. 
7). Recently some visualisation methods have emerged that are particularly suited to Big  



 
Figure 4. Dutch consumer confidence (grey) and the overall sentiment in Dutch social 
media messages on a monthly basis (black). Dutch articles are used as search terms. The 
social media sentiment in December is considerably more positive compared to the 
sentiment in the months before and after.  
 
Data. Examples are tableplots (Tennekes et al. 2013) for data with many variables, and 
3D heatmaps to study variability in multivariate continuous data (Daas et al. 2012b). 
Sequencing 2D plots into animations is useful to visualise temporal data (Daas et al. 
2012b). Data exploration is aimed at revealing data structure and patterns, and assessment 
of quality including exposure of errors, anomalies and missing data. 
 
Missing data 
Despite the enormous amounts of data generated each day, the traffic loop detection data 
clearly suffers from missing data (section 2.1). By studying data on a minute-by-minute 
level we discovered that some data were missing. If we had analysed data aggregated at 
hourly or daily levels, we would have reduced the amount of data studied but would not 
have noticed this issue. Since our office plans to use the NDW data to produce traffic and 
transport statistics we need to find ways to cope with the missing data problem and 
simultaneously reduce the amount of data to a manageable level. Other data sources are 
susceptible to missing data too. In the social media example, server downtime and 
network outages can lead to missing data. Current efforts focus on statistical modelling 
able to cope with missing data, and the development of information extraction and 
aggregation methods.  
 
Volatility and resolution 
The number of vehicles detected by individual loops fluctuates considerably from minute 
to minute. These fluctuations are caused by real changes in the number of vehicles 
detected but are –from a statistical point of view– not very informative as they occur at 
too high a resolution. Similarly, sentiment analysis at a daily basis may suffer from 
volatility that is not seen at weekly or monthly intervals (Daas et al. 2012b; O’Connor et 



al. 2010) . It is therefore recommended to develop statistical methods able to cope with 
volatile behaviour. Possibilities under consideration are moving averages and advanced 
filtering techniques (e.g. a Kalman filter or time-series modelling).  
 
Representativity/Selectivity 
The analyses in section 2 apply to traffic on roads equipped with traffic loop sensors, and 
to sentiment analysis of people who post Dutch messages on social media web sites. 
These are subpopulations of respectively all traffic on Dutch roads, and of all people in 
the Netherlands. The subpopulations covered by these Big Data sources are not target 
populations for official statistics. Therefore the data are likely to be selective, not 
representative of a relevant target population. Representativity of Big Data could be 
assessed through careful comparison of characteristics of the covered population and the 
target population. This may prove problematic, as often there are no characteristics 
readily available to conduct such comparison. For example, little is known about the 
people posting on social media. Often only their user name is known but not their age or 
gender. In situations where at least some background information is available, the 
selectivity issue can be assessed, and addressed if necessary. This could be achieved 
through predictive modelling, using a wide variety of algorithms known from statistical 
learning and data mining. These are modelling methods traditionally not used in official 
statistics. Buelens et al. (2012) explore some possibilities for applications of data mining 
methods in official statistics.  
  
Other issues 
Long-term stability may be a problem when using Big Data. Typically, statistics for 
policy making and evaluation are required for extended periods of time, often covering 
many years. The Big Data sources encountered so far seem subject to frequent 
modifications, possibly compromising their long term use. Privacy and data ownership 
are other issues that need to be addressed, as many potential Big Data sources are 
collected by non-governmental organisations, a situation that may not be covered by 
existing legislation. Finally, dedicated and specialized computing infrastructures are 
required to cope with Big Data. 
 
 
4. Conclusions 
 
The official statistics community can benefit greatly from the possibilities offered by Big 
Data, but must invest in research and skills development. Various new areas of expertise 
are needed to fully exploit the information contained in Big Data. In particular, 
knowledge is required from the fields of register-based statistics (Bakker and Daas 2012), 
mining of massive data sets (Rajaraman and Ullman 2011), and the new emerging 
discipline commonly referred to as 'Data Science' (Loukides 2011). We expect to see 
some Dutch official statistics being based on Big Data in the coming years, and are 
working towards this aim. When produced in a methodologically sound manner, official 
statistics based on Big Data can be cheaper, faster and more detailed than the official 
statistics known to date. 
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Abstract 
 
Survey sample design in general and sample allocation problems in particular can benefit 
from a mathematical programming formulation, especially when operational or sample size 
constraints lead away from straightforward or closed-form solutions. The problem of 
allocating the sample to different strata arises, when applying stratified sampling and has 
been tackled from different perspectives. The classical methods of allocation include: equal 
allocation, proportional allocation, predetermined allocation and optimum allocation. In the 
last method, the allocation to different strata is determined by minimizing the variance of the 
estimator for a given total cost or minimizing the cost for a given level of precision 
(measured by the variance of the estimator). Thus, classical methods offer only one goal 
subject to one constraint when optimally allocating the sample. This can therefore be viewed 
as a limitation of the classical methods. Furthermore, classical methods sometimes provide 
non-integer solutions to optimum allocation. Hence, the use of mathematical programming 
appears to be useful. 
 
 
KEY WORDS 
Stratified Sampling, linear programming, Classical methods of allocation. 
 
  
1- Sample Design 

 
Sampling statisticians are principally concerned with the design of efficient samples. Sample 
efficiency is measured either by cost or precision and the final sample design often reflects 
an attempt to strike some compromise between the two. An obvious solution is available for 
every sample design, at least in the context of a single variable of interest .These solutions 
either solve for the sample size required for specified precision or indicate the precision 
offered by a specific sample size. These solutions can become more complicated with 
additional constraints (on stratum sample size) or variables of interest. 
 
 
2- Precision of a sample design  

 
To measure the precision of a sample design we can use the sampling variance of the statistic 
of interest. Variances are controlled by stratification and clustering and the effect of these 
techniques are measurable or estimable. The variance implications of other design features, 
such as a deviation from proportional allocation or the introduction of differential weighting 
effects are also measurable (Kish, 1992). 
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The cost of a proposed sample design can be measured by sample size or by using more 
complex cost function if the appropriate data is available. When such data is available at the 
stratum level along with variances, optimal allocation formulas may be used. These formulae 
essentially assume a single variable of interest. Given the truly multi-variate nature of most 
sample surveys, other techniques are required for more complicated and efficient design. 
Mathematical programming has been used to solve the multi-variate sample design 
optimization problem (Bethel, Leaver et. al., Valliant and Gentle) and is also appropriate for 
a wide range of other problems encountered in sample design. 
 
 
3- Stratification  

 
In designing a household survey, stratification of the population to be surveyed prior to 
sample selection is a commonly used technique. It serves to classify the population into sub-
populations – strata – on the basis of auxiliary information that is known about the full 
population. Sample elements are then selected, independently, from each stratum in a 
manner consistent with the measurement objectives of the survey. 
 
 
3-1 Stratification and sample allocation 
 
With stratified sampling the sample sizes within each stratum are controlled by the sampling 
experts rather than by random determination through the sampling process. A population 
divided into strata can have exactly ns units sampled from each, where ns is the desired 
number of sample units in the sth stratum. By contrast, a non stratified sample would yield a 
sample size for sub-population that varies somewhat from ns. 
 
 
Example: 
 
If we have the sample design of a survey like labor force is to consist of two strata – urban 
and rural. Information from the population census is available to classify all the geographic 
administrative units into either urban or rural, thus allowing stratifying the population by this 
rule. It is decided to select a proportionate sample in each stratum because the population is 
distributed 60 percent rural and 40-percent urban. If the sample size is 5,000 households, 
independent selection of the sample by stratum will ensure that 3,000 of them will be rural 
and 2000 urban. If the sample were selected randomly without first setting up strata the 
distribution of households in the sample would vary from the above allocation. The non-
stratified sample could, by unlucky chance, produce a sample of, say, 3,200 rural households 
and 2,800 urban ones. 
 
 
3-2 Reasons for stratification 

1-  Reduce the chance of having a disproportionately large (or small) number of the 
sample units selected from a sub-population that is considered significant for the 
analysis. 

2-  Stratification is done to ensure proper representation of important sub-population 
groups without biasing the selection operation.  
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4- Classical Methods: 
 

This part will introduce two of the most commonly used classical methods of allocation 
which are; Equal Share Allocation, Proportional Allocation. 
 
 
4-1 Equal Share Allocation: 
 
 This type of allocation divides the total sample n into equal shares among the L strata in the 
population, 
                            

                                      

Where nh is the sample size drawn from stratum h. 
 
Given that the total cost C is fixed and takes the following linear form; 
                                               

                                    

Where ch the cost per sampling unit in the hth stratum, c is the total budget available and c0 is 
the overhead (fixed) cost, 

The total sample size will be as follows: 

 

                                            

 
4-2 Proportional Allocation:  
 
Here, the total sample is allocated to the different strata in proportion to the total number of 
units in the strata Nh (i.e.nh is proportional to Nh ), 
 

                                          

Where N is the total population size  
 
For a fixed cost, the linear cost function (2) gives the total sample size in proportional 
allocation as follows: 
 

  

Where:  
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5- Mathematical Programming 
 

Mathematical programming problems have mainly three characteristics: 
1. Decision variables. 
2. An objective function. 
3. Constraints on the decision variables. 
In general, the decision variables are allowed to take on any values as needed, subject to 
certain constraints, in order to solve all other aspects of the mathematical programming 
problem. The objective function is a function of the decision variables and can be either 
linear on nonlinear. The nature of the problem often requires that the objective function be 
maximized, minimized or set to a particular value. The constraints are often explicit 
constraints on the decision variables themselves or implicit constraints on other linear or non 
linear functions of the decision variables. Sometimes the decision variables are subject to 
certain reality or practicality constraints. For example, sample sizes and sampling rates must 
be positive.  
A general linear programming problem might be expressed as follows: 
Decision variables:   Xi 
Objective function:  MIN (∑ Ki xi) 
Constraints:              Li < xi < Hi 
                                  ∑Cixi ≤ Y 
 
 

5-1 Advantages of using Mathematical programming in sampling: 
 
  Mathematical programming has a lot of advantages: 

1) It has the ability to optimize several goals simultaneously. Also we could suggest 
several constraints.  

2) Mathematical programming can insure that the optimal allocation has integer values 
and that oversampling doesn’t occur (oversampling happens when the sample size in 
one or more strata is larger than the stratum size).  

Therefore, there have been many trials by researchers to apply mathematical programming in 
sampling field. Most of these trials concentrated on minimizing the overall variances of the 
estimators when optimally allocating the sample to the different strata. Moreover, the 
variances of the estimators within the strata were taken into consideration only by equating 
them together.  
 
 
6- An Application on HIECS: 

 
The Household Income, Expenditure & Consumption Survey (HIECS) is conducted by 
Central Agency for Public Mobilization and Statistics (CAPMAS). The HIECS 2012 sample 
is a two-stage stratified cluster sample, approximately self-weighted, of nearly 48000 
households. Stratified sample is one of the classical methods for obtaining an appropriate 
extraction of useful data which provides meaningful knowledge of the important aspects of 
the population. This method considers the computation of the stratum sample size, which can 
be computed by various procedures, but optimum allocation has been found to be a useful 
approach. Optimum allocation is considered as a non-linear optimization problem in which 
the objective function is to minimize the variance subject to a cost function or to a given 
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sample size. When the optimum allocation is performed, and the cost function is the 
objective function, subject to certain variance restrictions in the different characteristics, then 
the problem can be reduced to a question of classical mathematical programming. According 
to HIECS the main elements of the sampling design are described as follows: 
 
 
6-1 Sample Size: 
 
 It was important to retain the same sample size of the previous two HIECS round, thus a 
sample of about 48000 households has been considered. The justification of maintaining the 
sample size at this level is to have estimates with levels of precision similar to those of the 
previous two rounds: therefore trend analysis with the previous two surveys will not be 
distorted by substantial changes in sampling errors from round to another. In addition, this 
relatively large national sample implies proportional samples of reasonable sizes for smaller 
governorates. Nonetheless, over-sampling has been introduced to raise the sample size of 
small governorates to about 1000 households. The over-sampled governorates are Port-Said, 
Suez, Damietta, Ismailia, Aswan, and Frontier governorates altogether. As a result, 
reasonably precise estimates could be extracted for those governorates. The over-sampling 
has resulted in a slight increase in the national sample to 48658 households. 
 
 
6-2 - Cluster size: 
 

An important lesson learned from the previous two HIECS rounds is that the cluster size 
applied in both surveys is found to be too large to yield an accepted design effect 
estimates. The cluster size was 40 households in the 2004-2005 round, descending from 
80 households in the 1999-2000 round. The estimates of the design effect (deff) for most 
survey measures of the latest round were extraordinary large. As a result, it has been 
decided to decrease the cluster size to only 19 households (20) households in urban 
governorates to account for anticipated non-response in those governorates: in view of 
past experience non-response is almost nil in rural governorates). 
 

 
6-3 Sampling stages: 
 
      6-3-1 Primary Sampling Unit: 
 

The 2006 Population Census provided, in a very convenient way, adequate census data 
at the level of the Enumeration Area (EA). The electronic list of EA’s represented the 
frame of the first stage sample; the corresponding number of census households is taken 
as a measure of size. The size of an EA is about 200 household in average, yet some 
variability in EA’s sizes must be expected. The size of first stage national sample was 
initially estimated as of 2400 EA’s, however it has been increased to 2526 as a result of 
over sampling some governorates. 
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   6-3-2 Sample Allocation among Governorates: 
 
The primary stratifying variable is the governorate of residence, which in turn is divided into 
urban and rural sub-strata, whenever applicable. The first stage sample was initially allocated 
proportionally among governorates and between the urban and rural parts of each one. Over 
sampling was made proportionally for urban and rural parts of the mentioned governorates. 
Since there is some deviation from the proportional allocation for some governorates, the 
sample is approximately self-weighted at the national level, thought it is strictly self-
weighted at the governorate level.  
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Abstract 
 
At Statistics Netherlands a production system has been developed to estimate both 
quarterly turnover growth rates and levels using Value Added Tax and sample survey 
data. The end-to-end process is designed in such a way that different intermediate and 
end products are produced that can be re-used by other statistics within the agency. This 
re-use of data improves the coherence between different economic statistics and reduces 
administrative burden. Product quality is monitored and described using indicators that 
express the requirements of the users. We describe the end-to-end process and the 
products with their quality indicators. Furthermore, we give the methodology to tackle a 
number of issues that we came across to produce turnover estimates from VAT data. 
Finally, we show to what extent the outcomes meet the user requirements and discuss 
strengths as well as points for improvement of the system. 
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1. Introduction  
An important topic in Official Statistics is to reduce response burden. To achieve this, 
National Statistical Institutes (NSIs) gradually move from traditional survey-based 
estimates to alternative estimation procedures that make use of multiple sources. For 
instance, for the 2011 census, a number of countries use register data in addition to 
survey data. As a result they can diminish the number of questions in their census 
questionnaire or in some cases even completely stop sending out such questionnaires. 
Also, in economic statistics research is done to reduce the number of surveys by using 
alternative sources such as tax data. Another measure for the reduction of response 
burden is to promote re-use of data: intermediate or end-products of one end-to-end 
process may be used as input for other end-to-end processes. 

Statistics Netherlands (SN) developed and implemented a new production system for 
quarterly and yearly turnover estimates. Through this system SN replaced part of their 
survey data for the short term statistics (STS) by Value Added Tax (VAT) data. VAT is 
investigated in various NSIs and just some of them now use VAT as main data source in 
a production system; examples are Finland, France, the Netherlands and Slovenia 
(Costanzo, 2011). Where most countries focus on one type of output only, we designed 



the process and methodology in such a way that the end-to-end process leads to several 
data sets of a well-defined quality, referred to as major states. Those major states can be 
re-used by other (internal) users, and their quality is monitored and described by 
indicators.  

The primary output of the system is to produce turnover growth rates for the STS. 
Quarterly turnover growth rates are, along with estimated turnover levels, re-used in the 
supply and use tables of the Quarterly Accounts. Furthermore, the corresponding yearly 
turnover levels are re-used by the structural business statistics (SBS) to calibrate their 
estimates upon. The system also provides an intermediate product, namely VAT data 
linked to a population frame, which is made available for re-use by other economic 
statistics such as the International Trade Statistics. 

In the present paper we describe the processing steps of the end-to-end process 
(section 2) and the major states with their corresponding quality indicators (section 3). 
We explain some of the major issues that have to be addressed when using VAT and give 
an overview of the corresponding methodology (section 4). Finally, in section 5, we 
explain how the system was implemented, to what extent the outcomes met the quality 
requirements of users; and summarise the strengths as well as points for improvements.  
 
2. Processing steps 
 
Population parameters for the STS, like turnover, are computed for sets of enterprises 
within certain economic activity ranges. In the computations, small sets are used because 
of their supposed homogeneity. The smallest sets SN uses are referred to as ‘base cells’. 
At SN, parameter estimates for base cells may result from two production systems. The 
primary production system (PP) produces quarterly and yearly turnover output using 
VAT data as main source and sample data for the most complex units. A second 
production system (SP) produces estimates based on sample data. 

The PP uses sample data for statistical units (enterprises) that belong to complex 
enterprise groups where VAT data cannot be linked uniquely to. The set of that kind of 
enterprises is called TopX. Sample survey data corresponding to TopX enterprises is 
processed by the SP and imported in the PP. Moreover, whenever the VAT does not 
suffice for turnover estimation (e.g., when VAT-turnover concept does not coincide with 
the one desired), sample survey data is used as well. Again, that kind of data is processed 
by the SP: it either controls the complete production for certain base cells or only corrects 
for errors after which the PP completes the estimates. In some cases, base cell estimates 
from the PP are combined with SP estimates to produce estimates on a higher publication 
level. In those cases, the results from the SP are calibrated on the results from the PP. 

For the remainder of this paper, we will focus on the PP. We have divided the end-to-
end process of the PP into a number of smaller phases. After each phase, a well-defined 
(intermediate) data set is produced. We will refer to the end points of processing phases 
by ‘transitional stages’ and to the data sets within them by ‘major states’ (for a discussion 
of these terms, see Van Delden and De Wolf, 2012). In Table 2.1 we have summed up the 
processing phases, using the acronym MS to denote the Major States and the Processing 
Steps between them using the acronym PS.  



Since the novelty of the PP is concentrated on using administrative data (VAT) as a 
major source, we will focus on the processing steps that are mostly influenced by using 
administrative data instead of sample survey data. 

Most processing steps are run ‘once’ and lead to the corresponding major state. The 
processing steps PS4.2-PS4.6 form an exception: they are run repeatedly until the output 
meets the requirements of external and internal users. Note that due to this iterative 
nature of part of the PP, an ‘intermediate’ Major State (MS4*) is introduced. 
 

Table 2.1: Process description 

Ref.no. Title/ Description 
PS1 Prepare, receive and standardise input data. 
 VAT data are obtained from 23-35 days after the end of each month. A primary survey sample 

is drawn. Primary data from the TopX-units enter the process in MS2. All data are technically 
transformed to a standardised format. 

MS1 Technically standardised input data 
PS2 Derive new input variables 
 Turnover is computed from the components found in the VAT-form. Additionally, units that 

have a ‘non-domestic status’ are identified. 
Input Import Survey sample data from the SP 
 The survey sample data from TopX units processed by the SP enter the PP. In the SP those data 

have been corrected for errors. Moreover, values of enterprises that report on a four-week basis 
have been transformed into monthly and quarterly values. For most base cells, in the SP, data 
have also been imputed for unit and item non-response. 

MS2 All input variables present 
PS3 Link input data to population frame 
 Within the population frame, relations between basic units (legal units) and the different 

composite unites (VAT units; enterprises; enterprise groups) are determined. The data sources 
are linked to the population frame using identification numbers (exact matching). The result is 
analysed, compared with user requirements and manual corrections are made when needed. 

MS3 Linked data sets 
PS4.1 Select blocks of cells 
 Units with an economic activity that falls within a certain, predetermined, range are processed 

together. Each block of base cells should be large enough to provide enough mass for the 
processing, but should be small enough to be usable and feasible for analysis by experts. 

PS4.2 Derive target variables 
 Values of VAT-units that base their declarations on a four-week administration are transformed 

into monthly and quarterly values. Moreover, target-turnover is derived from VAT-turnover 
whenever both turnover concepts do not coincide but are still (linearly) related to each other. 

PS4.3 Estimate population parameters 
 Units in the population frame did not (yet) declare VAT but still belong to the active population 

are identified. Those units are imputed. Unit and item non-response of data imported from the 
SP are imputed for a small group of base cells that have not been imputed in the SP. Finally, 
observed and imputed values are aggregated to obtain population totals and growth rates for 
base cells and some higher level aggregates. 

MS4* Preliminary population parameters and micro data 
PS4.5 Analyse population parameters (clerical review) 
 ‘Quality indicators’ are used to analyse the validity of estimated population parameters: current 

growth rates are compared with reference base cells, historical periods and specific groups 
(imputed vs. observed) and population dynamics is analysed. Next, base and publication cells 
with suspicious parameter estimates are analysed at micro-level.  

PS4.6 Correct errors manually 



 To support micro-level analysis, values in a cell with suspicious parameter estimates are sorted 
on absolute change compared to a reference period. Next, erroneous values are corrected. Most 
changes are used to re-compute population parameters (returning to processing step PS4.2), 
some are stored to be used in a new release or for a next period. 

PS4.7 Approve 
 Processing steps PS4.2-PS4.6 are iterated. When new parameter estimates meet the pre-

determined quality criteria they are approved and the iteration is terminated. 
MS4 Approved population parameters and micro data 
PS5 Disseminate 
 Estimates are computed for the complete publication scheme, directly following from the base-

cell estimates. If needed, some results are suppressed to account for data disclosure control. 
Publication texts are written, and context is given to the results. 

MS5 Publications 

 
 
3. Quality indicators for the end-to-end process 
 
As discussed in Van Delden and de Wolf (2012), transitional stages are natural points in a 
production process to measure product and process quality and confront that with preset 
criteria. Whenever those preset criteria are not met, actions have to be taken. Actions can 
be of effect on the current production process or can be postponed to a new release or 
next period. Moreover, actions may range from making corrections in the process to 
producing explanations for not meeting the preset criteria. 

For the current paper, major states MS2-MS4 are most interesting. It turns out that 
data from MS3 and MS4 are re-used by different internal users (STS, National Accounts, 
SBS, Household consumption). MS2 is interesting because of its intimate relationship 
with the use of administrative data. 

As a start we developed a gross list of indicators for the MS2 to 4. We were seeking 
for indicators that would be quantifiable and could preferably be derived automatically 
from the data. The gross list was developed in a small multi-disciplinary team of seven 
people being a methodologist, a process designer, three production members and two 
internal users. This gross list was then sent to a much broader group of production 
members and internal users to prioritise the proposed indicators and to set the criteria for 
them, based on past STS expertise. The idea was that only indicators with ‘high priority’ 
would be potential candidates for direct implementation during the construction of the 
system. It was decided that indicators for MS2 were not implemented immediately, 
because the staff responsible for MS2 first wanted to have a broader analysis of the 
requirements of (potential) users of administrative data.  

The gross list was subdivided into three groups: (a) indicators to be used for the daily 
decisions in the regular production cycle; (b) indicators to monitor whether the 
methodology is adequate or needs improvement; and (c) indicators to measure data 
quality across the whole chain of users, e.g. timeliness, revisions and population errors. It 
turned out that indicators that were assigned a ‘high priority’ mostly fell in group (a). 
Indicators for long-term improvements (group b) were least selected for ‘high priority’. 

Finally, IT-specifications were written for the selected high priority indicators and we 
checked whether they could be computed using the available data. For some of the 
indicators, the required (meta)-information was not available in the system and they 
would have to be computed manually by production members.  



Table 3.1 shows one implemented indicator for each major state MS3, MS4* and 
MS4. More examples of implemented indicators can be found in Appendix A. 

 

Table 3.1: Some example indicators for MS3, MS4* and MS4. 

Major State Short / long description Criterion 
MS3 Coverage error in population frame  
 Number of legal units in the current quarterly 

population frame that are not related to VAT-units, 
relative to the total number in the frame 

Not more than 1% 

MS4* Revision of previous release  
 Absolute difference in Q-to-Q1 growth rate of the 

current release relative to the previous one, at 
different aggregation levels 

If estimated turnover of aggregate 
exceeds € 109  
then not more than 2%-point  
else not more than 3%-point 

MS4 Difference with benchmark growth rate  
 Difference between estimated Q-to-Q growth rate 

and growth rate of an external source, for different 
aggregates 

Not more than 5% for base cells, 
not more than 2% at aggregation 
level of 2-digit NACE code 

 
From Table 7.1 with indicators for MS3 we see that most indicators are ‘relative’: 

they verify whether the current release is stable compared to the previous release. Large 
changes are used as a trigger to check the data sets and the processes, small changes 
imply that no special attention is needed as far as MS3 is concerned. 

The indicators for MS4* (Table 7.2) are used mainly to aid the iteration over 
processing steps PS4.2-PS4.6. Hence, the indicators are gradually moving towards ‘stand 
alone’ indicators, i.e., indicators that are derived from the current process only. The 
iterative part of the process should eventually lead towards major state MS4. Therefore, 
some indicators for MS4* are closely related to indicators for MS4 (see Table 7.3).  

The indicators 4.1–4.4 of MS4 intend to measure output quality although most 
indicators compare outcomes with benchmarks (other base cells, other sources). Indicator 
4.4, measuring revisions, is an indicator intended for ‘the chain of users’, so it tends to be 
a ‘group c’-indicator. Finally indicator 4.5 is mainly used for long-term improvement of 
the end-to-end PP (‘group b’-indicator). 
 
4. Methodology for processing the administrative data 
 
In processing VAT and survey data to estimate both turnover levels and growth rates we 
had to deal with a number of issues. In the current section we will only present 
methodology concerning five important issues. The first issue is that economic data refer 
to different unit types. A second issue is that VAT data contains non-domestic units 
(over-coverage). Thirdly, we have to deal with reporting patterns that lead to errors 
within the VAT data. The fourth issue is that target turnover needs to be derived from 
VAT turnover. Finally we explain how we account for unit non-response. 

                                                 
1 Q-to-Q means Quarter-to-Quarter 



4.1 Relations between unit types 
The different unit types complicate their linkage. This issue plays a role in many other 
countries, although the specific unit types can differ within each country. In the 
Netherlands, when a company starts, it registers at the chamber of commerce, resulting in 
a base unit referred to as a ‘legal unit’. Statistical units as defined by Eurostat (EC, 1993), 
e.g. the enterprise, consist of one or more base units (composite unit). For tax purposes 
we also have a combination of base and composite units. Legal units that have to pay tax, 
are related to one ‘base tax unit’. The VAT units in turn are combinations of one or more 
‘base tax units’. Within our population frame, different data sources are available to 
derive the composite unit types from their corresponding base units, see for instance 
Vaasen and Beuken (2009).  

Within our population frame the relations between the administrative and units the 
enterprises are determined. For the PP however, it is also important to know whether the 
relations are complete. For instance: did we identify all VAT-units that are related to the 
legal units underlying a certain enterprise? Next to completeness, ‘uniqueness’ is also of 
importance: are all VAT-units related to one single enterprise? We summarize the 
completeness of the relations in a table as given below. In addition to this we compute the 
number of uniquely related VAT-units to Enterprise groups, enterprises, legal units and 
base tax units. Table 4.1 can be extended by showing the number of unique relationships. 

Table 4.1: Generic computation of relations within the population frame. 

Id # related # related # related # related 
Enterprise Group (EG) Enterprise Legal unit Base tax unit VAT unit 
Enterprise EG Legal unit Base tax unit VAT unit 
Legal unit EG Enterprise Base tax unit VAT unit 
Base tax unit EG Enterprise Legal unit VAT unit 
VAT unit EG Enterprise Legal unit Base tax unit 

 
Within the PP, we not only want to know the relations between units but also the extent 
to which data (response) are obtained completely. The level of completeness was 
described in a generic system as the ratio of the actual versus the maximum possible 
number of observations obtained per quarter per unit type. This maximum number is 
determined by the reporting periodicity of a unit: e.g. VAT units may report on a 
monthly, quarterly or yearly basis, depending, among other things, on the size of the unit. 

4.2 Detecting non-domestic units 
In our tax declarations we have two groups of enterprises that declare turnover in the 
Netherlands which does not originate from Dutch production. We have developed rules 
to identify those groups and exclude them from further estimation. 

The first group concerns international companies that are only represented fiscally in 
the Netherlands. Those units can be identified by variables within the VAT data sets that 
we obtain from the tax office. The decision – domestic or not – depends on the actual and 
historical values of those variables. The reason to include historical information is that 
the tax office changes the status from ‘non-domestic’ to ‘domestic’ whenever they verify 
whether the company is truly non-domestic: we want to avoid a change in status during 
the verification by the tax office. A second group concerns companies that use the 
Netherlands for the transition of goods. That is a rather difficult group to identify. 



Because the group cannot ‘unambiguously’ be identified using the tax form, we do this 
manually. A first list of units was obtained from production members of the ‘international 
trade statistics’ at SN. This list is updated each quarter. 

We analysed the relative size of the mentioned groups in 2007 and 2008 VAT data. 
The first group comprised more than 9% and the second group only 0.02 % of the total 
turnover in the Netherlands for both years. Since non-domestic units represent a large 
amount of turnover, it is crucial that they are identified correctly to avoid bias. 

4.3 Reporting errors 
In register data, differences may occur between reported and ‘true’ values (see e.g. 
Groen, 2012). Some VAT units have a very typical pattern of quarterly turnover values 
within a year. Examples of such patterns are (a) only one of the quarterly values within a 
year is non-zero; (b) one of the quarterly values is zero; (c) the values of three quarters 
are identical; (d) values of all four quarters are identical and (e) one of the quarters has a 
negative value. We discussed these patterns with the tax office, analysed them and 
concluded that in some cases the values are correct, in other cases they are artificial and 
do not reflect real turnover values.  

Ouwehand and Van Delden (2011) analysed the effect of such patterns on the 
outcomes of the PP. Analysing 2008–2009 data we found that 11% of the VAT units has 
such a pattern of which 4 to 5% is potentially artificial. Average yearly turnover of the 
units to be corrected is 0.4% per base cell. Differences in the estimated Y-to-Y2 quarterly 
growth rate when comparing corrected versus non-corrected values at base cell level were 
small. In only 3% of the base cells the absolute revision of the Y-to-Y quarterly growth 
rate was larger that 1%-point, the average (0.2) and median absolute value (0.05) of the 
revision were small also. Similar results were obtained for revisions of quarterly growth 
rate, and effects on aggregates of base cells were even smaller. We therefore concluded 
that we will only detect those patterns (in MS2), but we do not correct for them. When 
frequency of those patterns will increase in the future, we can start correcting for them. 

By comparing survey data with VAT data, we discovered that some units that 
officially are monthly reporters, in fact report 4-week turnover values in 11 of the 12 
months and one 8-week turnover value; the latter occurs mostly in November and 
December. This typically occurs in base cells within retail and wholesale trade, but not 
exclusively. Scholtus (2012) developed a methodology to detect and correct units that 
report 4-week values with an 8-week value in the fourth quarter of the year. The general 
idea of the method is that the growth rate of the months in the fourth quarter of the year is 
compared with an expected value, where computation of this expected value makes use 
of the relative distribution of the turnover over the days of the week. The observed 
growth rate of the month is compared with two thresholds to avoid detecting extreme 
growth rates that are due to erroneous values. The method has been implemented in 
production, but some branches, such as ‘building and construction’ are excluded from the 
method because the natural variation in growth rate is too large to be able to detect the 4-
week patterns reliably. 

                                                 
2 Y-to-Y means Year-to-Year 



4.4 Differences in turnover concepts 
The VAT turnover concept may differ from target turnover, depending on the economic 
activities of the unit (see e.g. Rich and Birman, 2012). There are all kinds of rules that 
may interact. In our case we analysed the VAT concepts as well and tested the relations 
between VAT data and survey data. We performed the analysis on 324 base cells, which 
is the union of 279 base cells in the STS-domain and 276 in the SBS domain. In 47 of the 
total of 324 base cells, the relationship was so poor, that we decided not to use VAT data, 
in the other 277 base cells we found a linear relationship between both. In nearly all of 
the 277 remaining base cells, VAT- and target-turnover the linear relationship has a slope 
(nearly) equal to one. In three base cells, the relationship was linear but the slope 
deviated strongly from one.  

For the base cells with a linear relationship and a slope deviating from one, we derive 

the target turnover t
iÔ  of period t of VAT unit i from its VAT turnover (*)t

iO  using a 

linear transformation (see Van Delden and Van Bemmel, 2012): 

cbOaO yt
i

yt
i /ˆ(*)ˆˆ +=  (1) 

where t can stand for a month, a quarter or a year depending on the response periodicity 
and c=1 for yearly turnover, c=4 for quarterly turnover and c=12 for a monthly turnover. 
Parameters are estimated yearly per 4-digit NACE by comparing survey data on historical 
yearly turnover from the SBS with VAT declarations. In estimating the parameters we 
correct for heteroscedasticity and include sample weights as we aim to describe the 
relation at population-level, see Van Delden and Van Bemmel (2012). 

We determined and analysed the relationship for all base cells for 2010 and 2009 
data. Thereby we were confronted with three complication factors. First, there was a 
considerable year-by-year variation in the estimated parameters, also in base cells without 
any change in legislation in that period. Second, we found base cells with a slope that was 
opposite to the one expected. Third, there were base cells where the VAT and target 
concept are identical and still we find a slope that was significantly different from one. 
Therefore, we wish to develop a method that separates measurement-error-effects from 
effects resulting from conceptual differences 

4.5 Dealing with non-responding VAT units  
For each quarter, we publish a number of releases, from about 30 days after the end of the 
quarter (flash release), till three months after the end of the year (final release). Especially 
in the flash release, there is a considerable number of VAT units that did not yet respond. 
We decided to impute missing VAT units, rather than using weighting, as it allowed us to 
use imputation models for different kinds of missing units. The imputation models can be 
found in Van Delden and Van Bemmel (2012). We impute at the level of the VAT units 
rather than at enterprise level, because at early estimates some VAT units underlying an 
enterprise have responded whereas others have not (yet). This form of ‘partial response’ 
at enterprise levels encompasses a considerable amount of observed turnover; we want to 
impute only the non-missing part. 

One crucial difficulty is to determine which of the non-responding units is still active 
and will respond later and which part will not respond at all (Van Delden and Van 
Bemmel, 2012; Vlag, 2012). Within the population frame, a non-negligible part of the 
VAT-units may be inactive. Inactive VAT-units occur within the population frame due to 



time lags in the sources from which the population frame is derived, and because 
potentially inactive units are not immediately excluded from the population frame to 
avoid a large number of ‘restarts’. Van Delden and Van Bemmel (2012) use logical 
derivation rules to decide whether units are still active or not, depending on historical 
declarations, whether the units have ceased according to the population frame and on the 
time since the last declaration.  
 
5. Implementation and concluding remarks 
 
Test reports of the PP-system were delivered in three ‘sets of branches’: (1) ‘Wholesale 
trade’ and ‘Car and motorcycle trade’ (July 2011), (2) ‘Transport’ and ‘Commercial 
services’ (Feb 2012) and (3) quarterly figures for monthly branches – of which the most 
important ones are ‘Retail trade’, ‘Construction’, ‘Manufacturing’ and ‘Energy’ (Aug 
2012). Results of the test series with data from 2010 onwards were analysed and 
compared with acceptance criteria. We found that for 76% of the base cells the estimated 
growth rates were judged to be reliable on a total of 279 base cells within the STS-
domain. In addition we found that for 60% of the base cells the estimated turnover levels 
were found to be reliable, on a total of 276 base cells within the SBS-domain. 

The approved base cells for turnover levels are since then used to calibrate SBS-
figures upon. Reduction of administrative burden and publishing STS-output with the PP-
system has been started since Q3 2011 (Wholesale trade), Q4 2011 (Transport) and Q1 
2012 (Commercial Services). Production of the other ‘approved’ base cells will follow in 
near future; we first wish to complete the integration of its output with monthly figures 
and output of non-turnover variables. The latter output is based on a system which is 
currently being redesigned. 

There are a number of reasons why the PP-estimates are not (yet) acceptable for all 
base cells. The first reason is that for some base cells, the VAT definition differs too 
much from the target definition. This reason holds for about 30% of the base cells that 
were found to be unreliable. This issue cannot be solved; we need to estimate those base 
cells by other sources than VAT. 

A second reason has to do with frame errors and their correction, where we have to 
deal with three issues. The first issue is that in some base cells, NACE code errors 
occurred in large units within the population frame, that were not corrected yet in the PP 
data set. That led to implausible growth rates and large differences in the level of 
turnover estimated by PP compared to the SBS estimate. This can be solved in future, 
when quality releases are made of the PP outcomes whenever effects of frame errors are 
corrected. The second issue is that all population dynamics (births, deaths, splits, take-
overs etc.) are accounted for in the growth rates. That may lead to large (absolute) growth 
rates in case of changes in the structure or NACE code of large companies. We have 
solved this issue, because we compute (now) two types of growth rates: growth rate as a 
ratio of two levels – as described in the current paper – and an adjusted one to estimate 
the business cycle. The first growth rate type is produced for National Accounts, to assure 
that there is no long-term bias in the estimates. The latter type will be used for the STS 
output; it is computed according to Eurostat (2006) and less sensitive for frame errors. A 
third issue is that some base cells have a considerable proportion of units with an 
erroneous NACE code which hampers a good estimation of the turnover levels. One 



solution to this third issue is to clean the population frame for these errors and recompute 
the figures. Another solution is to develop a (more) robust estimator for those base cells. 

Finally, there is a group of base cells that are potentially acceptable, but that did not 
pass the acceptance criteria. For instance for some cells the difference with the SBS-
turnover level estimate was too large. However, the corresponding SBS base cells were 
not very accurate, because the sample survey was very small. Another example is that in 
some base cells where the imputation values were affected by a few extreme response 
values. Currently, we are trying to make the imputations more robust for extreme values. 
We will re-judge those base cells in a later stage when a longer time series is available.  

Since implementation of the PP-system SN reduced about 31 thousand of the 80 
thousand forms we send yearly for the branches that produce quarterly output, using early 
2011 as the reference date. The new system is novel in the sense that it not only combines 
primary and register data, but also produces both level and growth rate data and is set up 
in such a way that both end products as well as intermediate products can be re-used by 
other processes. The advantage of this internal data re-use is that STS and SBS estimates 
can be made consistent with each other (by calibration) and with National Accounts data 
which is a quality improvement, but it also helps to (further) reduce response burden. 
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7. Appendix A. 
 
Note: Q-to-Q means quarter-to-quarter, Y-to-Y means year-to-year. 

Table 7.1: Top three quality indicators for MS3 

Ref Short / long description Criterion 
3.1 Fraction of total turnover by (sub)source  
3.1a Fraction of observed turnover per base cell and source 

category of the current release relative to the previous 
quarter. We distinguish three source categories: (i) VAT 
data (non-TopX units), (ii) survey data (special units), (iii) 
survey data (non-special units) 

Not more than 10 per cent 

3.1b As (3.1a) but now relative to the corresponding quarter of 
the previous year. 

Not more than 10 per cent  

3.2 Coverage error in VAT  
 Absolute difference of the proportion of total turnover in 

the VAT-dataset that cannot be linked to the quarterly 
population of enterprises in current release minus that of the 
same release of the previous quarter. 

Not more than 0.2%-points (one 
estimate). 
Not more than 0.05%-points 
(long-term average) 

3.3 Coverage error in population frame  
3.3a Relative number of legal units in the current quarterly 

population frame that are not related to VAT-units, relative 
to the total number in the frame. 

Not more than 1% 

3.3b Likewise to (3.3a) but now the relative number of 
employees associated with those ‘non-related’ legal units 

Not more than 0.5% 

 

Table 7.2: Top three quality indicators for MS 4* 

Ref Short / long description Criterion 
4*.1 Estimated fraction of inactive units  
4*.1a Relative to the total number in the population frame, the 

fraction of observation units3 in the current release that are 
not imputed because we assume they are inactive. 

Not more than 5% 

4*.1b As (4*.1a) but now the absolute difference of the fraction of 
the current release minus that of the corresponding release 
in the previous quarter.  

Not more than 0.5%-points  

4*.2 Revision of previous release  
4*.2a Absolute difference in Q-to-Q growth rate of the current 

release relative to the previous one, at different aggregate 
levels: base cell; 4, 3 and 2-digit NACE code. 

If estimated turnover of aggregate 
exceeds € 109  
then not more than 2 %-point 
else not more than 3%-point 

4*.2b As 4*.2a but now Y-to-Y quarterly growth rate As 4*.2a 
4*.3 Turnover response  
4*.3a Quarterly turnover response as a fraction of total turnover 

per base cell of the current release minus that of the 
corresponding release of the previous quarter, both primary 
and VAT response. 

Not more than 10%-points 

4*.3b Quarterly turnover response as a fraction of total turnover 
per base cell of the current release minus that of the final 
release of the previous quarter. 

Not more than 10%-points 

                                                 
3 The observation units are VAT-units (non-TopX part) and enterprises (TopX part). 



 

Table 7.3: Top five quality indicators for MS4. 

Ref Short / long description Criterion 
4.1 Difference with benchmark growth rate  
4.1a Difference estimated Q-to-Q growth rate and growth rate of 

an external source, for different aggregates 
Not more than 5% for base cells, 
not more than 2% at aggregation 
level of 2-digit NACE code 

4.1b Difference between the estimated Y-to-Y quarterly growth 
rate to that of an external source  

as in 4.1a  

4.2 Difference among related growth rates  
4.2.a Difference between the largest and the smallest estimated 

Y-to-Y growth rate among a group of related base cells 
If estimated base cell turnover 
exceeds € 109 
then not more than 4%-points 

4.2.a Difference between the largest and the smallest estimated 
Y-to-Y growth rate among a group of related aggregates 
within the supply and use tables 

If estimated aggregated turnover 
exceeds € 3·109 

then not more than 2%-points 
4.3 Economical explanation  
 Y-to-Y quarterly growth rate of base cells should always be 

analysed and their values should be ‘economically 
explained’ 

not necessary 

4.4  Total revision  
4.4a Difference in Q-to-Q growth rate of the final release 

relative to the first release for different aggregates: base cell 
and 2-digit NACE code. Different thresholds for (A) 
average of time series4; (B) average of absolute value of 
time series; (C) value for most recent quarter 

If estimated turnover of base cell 
exceeds € 109  
then (A) not more than 1%-point 
(plus or minus); (B) not more 
than 1.5%-point and (C) not more 
than 2%-point  
else (A) not more than 2%-point 
(plus or minus), (B) not more 
than 2%-point and (C) not more 
than 3%-point. At higher 
aggregates thresholds are smaller. 

4.4b As (4.4a) but now the Y-to-Y quarterly growth rate as 4.4a 
4.5 Revisions due to imputation  
4.5a Difference in turnover at final release minus first release, by 

category: units are part of one category in the first release 
(e.g an imputation) and part of another (e.g response) in the 
final release. The size of several categories gives insight in 
the influence of imputations on the total difference in 
turnover. 

not necessary 

4.5b Categories subdivided into imputation methods not necessary 

 

                                                 
4 Three or more quarters 
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Abstract 
 
Spatialization of statistical information is often intended as the distribution of statistical 
data within administrative areas, represented as homogeneous. In this way, the spatial 
difference between statistical data often cannot be revealed, because of the low spatial 
resolution. Given the availability of point georeferenced data, the application of 
geostatistical interpolation methods allows to produce a spatial representation of 
statistical information more adherent to the reality, and not necessarily linked to the 
administrative boundaries. Maps obtained with these techniques not only enhance the 
dissemination of statistical information at territorial level, but also represent a valuable 
tool for policy makers. In this paper the results of a study performed on economic data at 
NUTS3 level (Province) in Italy are presented. Using GIS technology, it is possible to 
explore the relationship between the distribution of statistical data and some geographical 
features in the same region. 
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1. Introduction 
 
Statistical units as defined by international manuals for official statistics, such as 
Institutional and (local) kind-of-activity units, provide information on the unit itself at the 
time of interview (as an answer to a questionnaire) and on its components (individuals, 
establishments, land, etc.). Since these units are geographically identified at a specific 
time, the hypothesis tested in this work is that they bring information on the territory they 
belong to. Thus, their individual characteristics are proxies of the territorial 
characteristics. 
Some socio-economic features (well-being, wealth, competitiveness, etc.) for 
geographical areas are defined by the theory but are not directly observable and, as such, 



strictly measurable. For other characteristics, even if directly measurable, data are not 
available over the whole territory. All of them are related to the earth surface, to the 
natural environment and to the land cover: the idea behind is that natural environment 
significantly differentiates human opportunities and its behaviour. 
Available data at the statistical units level can be used to expand information on 
administrative areas as soon as there is empirically a space correlation in the studied 
phenomena. If such a statistical relationship exists among a set of units with respect to a 
specific characteristic, a spatial analysis is possible. A representation on a map or 
cartogram will be always considered to represent in space the phenomena under 
investigation. 
Geostatistical methods are usually utilized for the analysis of natural phenomena. The 
main assumption is that point values are influenced by the values in nearest points 
(spatial autocorrelation), and the phenomenon is continuously distributed over the 
territory. Indeed, natural phenomena have often a continuous variation over the territory – 
their variation is not completely random – but they can be measured only in few specific 
points (samples). Then, several methods can be used to represent their actual spatial 
distribution from sample point data. 
Dealing with socio-economic variables, the procedure is to some extent the opposite: 
variables measured in each point are discrete by nature. They can be elaborated by 
geostatistical methods assuming both that their values are spatially dependent, and that 
the analysed phenomenon is continuously distributed over the territory. These 
assumptions are justified by the typology of the phenomenon itself: the basic hypothesis 
is that the analysed units can represent measurement points of phenomena distributed 
over the whole territory. For socio-economic data the spatial autocorrelation is not always 
verified for the whole dataset, but it should be verified for a limited group of data 
(Demetrio and Guerreschi 2010). 
The basic objective is not an “accurate” or “exact” geostatistical analysis: the estimation 
does not provide an “exact” picture of how the phenomenon is distributed over the 
territory, but rather the basic tendency and areas of strength and weakness, implicitly 
assuming that the phenomenon has a clear spatial dimension over the territory (Celata 
2005). The graphical result, undoubtedly effective, is certainly better than a thematic 
cartogram which forces the data into administrative boundaries, often arbitrarily set. 
 
 
2. Materials and methods 
 
2.1 Spatial dependence and geostatistics 
 
When we talk about spatial data we mean that each data value is associated with a 
location in space and there is at least an implied connection between the location and the 
data value. How conditions tend to persist locally, and how it is possible to divide the 
surface into regions that exhibit substantial internal similarity is known as spatial 
dependence (de Smith et al. 2011). Spatial dependence is the degree of relationship that 
exists between two or more spatial variables, such that when one changes, the other(s) 
also change. This change can either be in the same direction, which is a positive 
autocorrelation, or in the opposite direction, which is a negative autocorrelation (Cliff and 



Ord 1981). Spatial dependence leads to the spatial autocorrelation problem in statistics, 
since this violates standard statistical techniques assumption of independence among 
observations. The spatial autocorrelation is defined as the variation of a property within a 
geo-space: characteristics at proximal locations appear to be correlated, either positively 
or negatively. Spatial autocorrelation is the matter of geostatistics. 
Spatial statistics is a term commonly applied to the analysis of discrete objects (e.g. 
points, areas), and is defined by both its material (spatial datasets) and its methods. Three 
main topics can be identified in spatial statistics: i) point pattern analysis, corresponding 
to a location-specific view of the data; ii) lattice or regional analysis, corresponding to 
zonal models of space; iii) geostatistical modelling, applying to a continuous field view 
of the underlying dataset (Cressie 1993). 
Aiming to represent statistical data on a map, one of the main problem to be solved is to 
obtain information in unsampled locations from measured data. Spatial prediction models 
(algorithms) can be classified, according to the amount of statistical analysis included, in 
deterministic models - where arbitrary or empirical model parameters are used, e.g. 
Inverse Distance Weighting, Radial Basis Function – and statistical models - the model 
parameters are estimated in an objective way, following the probability theory, e.g. 
geostatistics. In general, deterministic prediction models are more primitive than the 
statistical models and often sub-optimal; however, there are situations where they can 
perform as good as the statistical models or even better. No estimate of the model error is 
available for predictions with deterministic models, while the predictions with statistical 
models are accompanied with the estimate of the prediction error. A drawback in this 
second case is that the input dataset usually need to satisfy strict statistical assumptions. 
Basic geostatistical analysis usually has the following steps: i) calculation of the 
semivariogram, a function that describes the differences (variance) between samples 
separated by varying distances, ii) estimation of parameters of the semivariogram model, 
and iii) estimation of the surface using kriging algorithm, an optimal interpolator that 
generates best linear unbiased estimate at each location, employing semivariogram model 
(Goovaerts 1997; Isaaks and Srivastava 1989). The most commonly used kriging 
algorithm is the Ordinary Kriging (OK). 
A validation of the estimation can be added. Cross validation is a technique used to assess 
how accurate an interpolation model is. One point is left out and the rest is used to predict 
a value at that location. The point is then added back into the dataset, and a different one 
is removed. This is done for all samples in the dataset and provides pairs of predicted and 
known values that can be compared to assess the model's performance. Results are 
usually summarized as Mean and Root Mean Squared errors (ME and RMSE). 
A normal distribution of the data is usually a prerequisite for the application of 
geostatistics: OK may give unacceptable results if the data are severely non-normal. 
Indicator kriging (IK) is another geostatistical approach to geospatial modeling, which 
makes no assumption of normality and is essentially a non-parametric counterpart to OK. 
IK uses indicator (0 or 1) variables to generate probabilities that a critical value was 
exceeded or not at each location in the study area, and then proceeds the same as ordinary 
kriging (Journel 1983). Notice that because the indicator variables are 0 or 1, the 
interpolations will be between 0 and 1, and predictions from indicator kriging can be 
interpreted as probabilities of the variable being in the class that is indicated by 1. If a 
threshold was used to create the indicator variable, the resulting interpolation map would 



show the probabilities of exceeding (or being below) the threshold. This allows to 
produce probability maps and risk maps. 
For the theory of geostatistics, see for example Clark (1979), Isaaks and Srivastava 
(1989), Goovaerts (1997), Houlding (2000). 
 
2.2 Dealing with outliers 
 
As said before, OK is usually applied to data that show a normal distribution. A problem 
that should be addressed, especially in socio-economic data elaboration, is the possible 
presence of outliers in the dataset. The outliers may provide some useful information 
concerning the magnitude of the phenomenon, but at the same time may unduly influence 
the results of the analysis unless some adjustment is made. A possible solution is a 
logarithmic transformation of the considered variable, that on the one hand allows to 
approach a normal distribution, but on the other hand flattens out the data, completely 
loosing the information brought by outliers. 
Winsorising (or Winsorization) is the transformation of statistics by limiting extreme 
values in the statistical data to reduce the effect of possibly spurious outliers. 
Winsorization involves replacing a fixed number of extreme scores with the score that is 
closest to them in the tail of the distribution in which they occur. That is, the extreme 
values are moved toward the centre of the distribution. Data Winsorising procedure is as 
follows: 
1. a priori identification of a threshold beyond which data are considered outliers; 
typically the threshold is set to a specified percentile of the data, to the mean plus 
standard deviation, or to the median plus the interquartile range; 
2. proper Winsorization: data exceeding the upper threshold (or under the lower one) 
are replaced by the threshold value. 
Note that Winsorising is not equivalent to simply excluding data (Trimming). In a 
trimmed dataset, the extreme values are discarded; in a Winsorized dataset, the extreme 
values are instead replaced by other values. Winsorization has the advantage to hold all 
the observations, but assigning a different weight to those in the distribution tails. This is 
particularly useful when dealing with a small-sized dataset, because it allows anyway to 
consider all samples and the associated information. 
The transformation can be applied to a single tail of the distribution or symmetrically to 
both of them. An asymmetric Winsorization introduces a certain bias in the estimation. 
 
2.3 An application example to the Province of Palermo 
 
Aiming to analyse rural development, data for the nine Provinces of the Sicily Region 
were available. Data came from ASIA-Agricoltura, the Business Register of Active 
Enterprises that includes all the enterprises with a primary or secondary activity in 
agriculture (year 2009). The process of representing data has the following steps: 
1. specification of the territorial administrative level of interest; 
2. normalization of the units’ addresses (data quality control); 
3. assignment of geographical coordinates to units, starting from addresses; 
4. correction of errors on coordinates; 
5. mapping point location, visualizing their spatial distribution; 



6. variographic analysis of data; 
7. estimation in non-sampled points by means of the appropriate algorithm; 
8. mapping estimated values over the territory; 
9. cross-validation to test the accuracy of the estimation. 
Normalization and georeferencing of the addresses are carried out by the EGON 
software, which allows to analyze territorial data and to decode them, in order to 
accurately map them. Starting from an address list, the software provides the 
geographical coordinates of the correspondent points. Because of different reasons, some 
addresses could not be recognized by the software: in this case, instead of the true 
coordinates, the software gives an approximation – the coordinates of the centroid of the 
census section, or even the coordinates of the centroid of the Municipality. If those 
“wrong” data are a limited number, they are individuated with GoogleTM Earth and the 
right coordinates are manually transcribed. If the wrong records are due to takeover errors 
and/or to data entry errors, and the addresses are not identifiable anyway, they are 
discarded and not used in the following elaborations. 
Once georeferenced the data, indicators about the presence, economic intensity and 
productivity of agro-industrial enterprises and farms, expressed as number of employees, 
agricultural revenues, total revenues, revenues/number of employees, agricultural/total 
revenues, and number of employees in agricultural activities were considered. Selected 
indicators are certainly relevant for rural development, even if not exclusive and 
exhaustive of the phenomenon. Each Province was treated separately. As an example of 
several solutions for data elaboration and representation, results from the Province of 
Palermo are reported, considering the revenues/number of employees ratio (R/N). 
The variographic analyses were performed using the software VarioWin 2.21 (Pannatier 
1995); mapping and cross validation were performed using the extension Geostatistical 
Analyst of the software ArcGIS 9.2®. 
 
 
3. Results and discussion 
 
The frequency distribution of the variable R/N show a non-normal distribution, and the 
presence of some outliers (Fig. 1a), which are not measurement errors. Thus, we are not 
in an optimal situation for the application of geostatistical methods; the variable can be 
transformed, in order to get a distribution that approach normal. Three different 
transformations were performed: a logarithmic one, a winsorization using as threshold the 
mean value plus two times the standard deviation - identifying just one outlier - and 
trimming at the same threshold. In Fig. 1 the new frequency distributions are reported. 
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Figure 1 – Frequency distribution of the variable R/N in the Province of Palermo, 
original and transformed data 

 
Considering just the frequency distribution, the logarithmic transformation gives the best 
result among the proposed ones. Winsorized and trimmed datasets show a better 
frequency distribution than the original dataset, but still far from normal. For spatial 
analysis and representation, anyway, other factors must be taken into account. 
As a first spatial approach, a deterministic interpolator - the Radial Basis Function (RBF) 
- was applied to the original dataset to predict the R/N distribution over the territory; the 
obtained map is reported in Fig. 2. 
 



 
Figure 2 – Map for the variable R/N in the Province of Palermo, spatialized by RBF 
 
The presence of spatial autocorrelation and its spatial structure for the original variable 
was also verified by means of a variographic analysis. An omnidirectional semivariogram 
(assuming that there is no anisotropy, that is the semivariogram shape does not change in 
different directions) was built, adopting a lag of 5100 m for the Province of Palermo - 
choice based on the sampling density. In Fig. 3 the obtained empirical semivariogram is 
reported, together with the one for the logarithmic transformed variable. 
 

 
a) R/N 

 
b) log(R/N) 

Figure 3 – Empirical semivariograms for the variables R/N and log(R/N) in the 
Province of Palermo, with adjusted models 

 
In both cases, the spatial autocorrelation is weak, but a model can be adjusted to the point 
semivariograms, Spherical for R/N and Exponential for log(R/N); their parameters can be 
used in the Ordinary Kriging (OK) algorithm to estimate maps. The maps for non-
transformed variable R/N and for log(R/N), with the associated estimation error maps, are 
reported in Fig. 4. 
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b) Prediction error map (R/N) 

 

d) Prediction error map (logR/N) 

 
Figure 4 – Estimated maps for the variables R/N and log(R/N) in the Province of 

Palermo, and associated prediction error maps 
 
Even if the data frequency distribution is not normal, and the spatial autocorrelation is not 
strong, comparing the map in Fig. 4a with the one in Fig. 2 it can be observed that 
contour lines arrangement is very similar, and performing a cross-validation a similar 
value of RMSE for the two maps is obtained (202.33 for the one estimated by RBF, and 
202.06 for the one estimated by OK). OK is preferable, since it provides in addiction the 
prediction error in each point of the territory. The estimation error is obviously higher 
where measured points are fewer or missing. 
Comparing the map in Fig. 4c with the formers, it should be noted that the high values 
located in the central area completely disappeared, and contour lines arrangement looks 
very flattened out towards low values. Even if the prediction error is much lower than in 
the case of non-transformed variable, and also RMSE from cross validation is 
significantly lower (185.00), this map shows a flattened variable range with respect to the 
observed data (Fig. 1a). Thus, the map of Fig. 4a is still preferable for practical purposes. 
As said before, also a winsorization and a trimming were performed on the original 
dataset, using mean value plus two times the standard deviation as threshold. To the 
empirical semivariograms for these transformed variables were adjusted two Hole Effect 
models; the plots are not reported here, because in the software used for calculation only 
the most used models (Spherical, Exponential, Gaussian) are provided. 
The map for winsorized R/N estimated by OK, and the associated estimation error map, 
are reported in Fig. 5. 



 
a) Estimated map (winsorized dataset) 

 

c) Estimated map (trimmed dataset) 

 
b) Prediction error map (winsorized dataset) 

 

d) Prediction error map (trimmed dataset) 

 
Figure 5 – Estimated maps for winsorized R/N and trimmed R/N in the Province of 

Palermo, and associated prediction error maps 
 
The map in Fig: 5a is quite similar to Fig. 2 and Fig. 4a, with respect to the general 
contour lines arrangement, while the one in Fig. 5c is more similar to Fig. 4c. Obviously, 
the value of the outlier has been lowered, thus the area with values belonging to the 
higher class is reduced. The estimation error is significantly lower than in interpolation 
with the original dataset, and similarly cross validation gives a RMSE of 76.03. 
Otherwise, in the case of the map in Fig. 5c the deletion of the outlier causes the 
complete loss of the associated information, and even if the cross validation gives the 
lowest RMSE (71.35), the estimation error is quite high everywhere. For our purposes, 
the best map could be the one in Fig. 5a. 
A different solution for prediction is the application of IK. The variable R/N was first 
transformed in an indicator variable using as threshold the value 26, proposed by the 
software. In Fig. 6 the obtained empirical semivariogram for the indicator variable is 
reported. 
 



 
Figure 6 – Empirical semivariogram for the indicator variable with the adjusted 

model 
 
The spatial autocorrelation is almost absent, but an Exponential model can be adjusted to 
the point semivariogram, and its parameters were then used in the Kriging algorithm to 
estimate a probability map. The resulting map, indicating the probability of exceeding the 
threshold of 26 in each point, and the associated prediction error map, are reported in Fig. 
7. 
 

a) Probability map 

 

b) Error map 

 
Figure 7 – Map showing the probability of exceeding the threshold of 26 in the 

Province of Palermo, and associated prediction error map 
 
It can be easily observed that the higher probability of exceeding the threshold is in the 
area at west of the city of Palermo (where a cluster of points is present). 
All these maps can be implemented into a GIS software, in order to easily compare them 
with other thematic maps of the same area, and to study the relationships between the 
distribution of statistical data and the local geography. 
 
 
4. Conclusions 
 
Estimated maps of socio-economic indicators, based on available micro-data at the 
statistical units level, represent a clear enhancement on the dissemination of statistical 



information, and become a valuable tools for policy makers that are responsible of a 
specific administrative area. Visualizing statistical information on a map is not just a 
further dimension - the space - added to the data, but an improvement of socio-economic 
information linking them to the geographical characteristics, with respect to sub- (small 
areas) and across- (macro-areas) target administrative areas. 
Moreover, the maps are useful to identify areas of policy intervention, to plan and 
evaluate actions, to perform simulations and to get future scenarios. The corresponding 
error map is a further improvement, showing the limitations and the reliability of the 
statistical information practically available at the time of policy decision. The choice of 
the interpolation method depends essentially upon the type of available data and mostly 
upon the objective of the elaboration. 
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Abstract 

The World Bank Pilot Study for Crowd-Sourced Price Data Collection through Mobile Phones 

combines the need for high-frequency data, the recent developments in the information and 

communication technologies (ICT) sector, and power of crowd in an innovative way. Crowd-

sourcing is the act of taking a job traditionally performed by designated agents, such as national price 

collectors, and outsourcing it to an undefined generally larger group of people in the form of an open 

call. Crowd-sourced data is data collected and reported by the user community using information and 

communication technologies. The objective of the pilot was to study the feasibility of crowd-sourced 

price data collection. The pilot was carried out by a World Bank contracted private company, JANA. 

The pilot method was implemented by non-professional price collectors (NPCs) as the “crowd,” 

using Personal Computers (PCs) and mobile phones as modern ICT means for collecting data. The 

NPCs were recruited using various social channels, such as Facebook and Twitter. A multilingual 

web microsite, PC and mobile phone accessible, was specifically developed for the pilot to facilitate 

all survey phases. In the pilot phase, price data was collected for 30 tightly specified food commodity 

items on a monthly basis for a period of approximately six months in eight pilot countries: Brazil, 

Bangladesh, India, Indonesia, Kenya, Nigeria, Pakistan and Philippines. After data verification and 

validation, NPCs received airtime rewards using JANA’s platform that has been integrated into the 

backend billing systems of over 235 mobile operator partners worldwide. 
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1. Introduction 

During the past few years, interest in high-frequency price data has grown steadily. This is partly due 

to recent major economic events, including the food crisis and the energy price surge, which have 

highlighted the need for timely and detailed data to inform decision making in modern globally 

interlinked economies. Thus, the need for detailed timely high-frequency data that is openly 

available to all users has increased. However, standard survey methods are struggling to meet this 

demand, due to the high cost of collecting detailed sub-national data, the time lag usually associated 

with publishing the results, and the limitations to publishing detailed data. This has led to a search 

for alternative ways to collect and disseminate price data. At the same time, the rapid development of 

the ICT sector is transforming the way people communicate and interact across the globe. Between 

2000 and 2012, the number of mobile subscriptions in use worldwide has grown from fewer than one 

billion to over six billion, of which nearly five billion are in developing countries. As a result, 75% 

of the world’s inhabitants now have access to a mobile phone. As mobile devices are becoming 

cheaper and more powerful, and network coverage and bandwidth is expanding, it is expected that 

the “mobile revolution” is currently only at the start of its growth curve. 

The World Bank Pilot Study for Crowd-Sourced Price Data Collection through Mobile Phones 

combines the need for high-frequency data, the recent developments in the ICT sector, and power of 

crowd in an innovative way. Its objective was to study the feasibility of crowd-sourced price data 

collection. The pilot was carried out by a World Bank contracted private company, JANA. The 

findings of the pilot are presented in the following sections related to project design (section 2), data 

analysis (section 3) and challenges, successes, and lessons learned (section 4). 

2. Project Design 

2.1. Country coverage 

The pilot originally covered seven countries: Brazil, China, Egypt, India, Kenya, Nigeria and 

Uganda. This country list was modified during the course of the project for various reasons: China 

was dropped from the list owing to the unclear legal landscape of operating the project; and activities 

in Egypt and Uganda were stopped given concerns around the ability to recruit and pay participants. 

Indonesia, Philippines and Pakistan were added to the pilot.  

Table 1: Country Coverage 

Country Number of Survey 

Locations 

Number of 

Supermarkets 

Language Status Months covered 

Bangladesh 47 1,282 English implemented Jan’12 – May’12 

Brazil 13 41 Portuguese implemented Jan’12 – May’12 

China - - n/a not implemented  

Egypt - - English stopped Aug’11 – Sep’11 

India 33 405 English implemented Aug’11 – May’12 

Indonesia 41 237 Indonesian implemented Sep’11 – May’12 

Kenya 41 1,447 English implemented Sep’11 – May’12 

Nigeria 35 1,023 English implemented Sep’11 – May’12 

Pakistan 49 516 English implemented Dec’11 – May’12 

Philippines 38 212 English implemented Dec’11 – May’12 

Uganda - - English stopped Oct’11 – Nov’11 

Total 297 5,163    

 



3 

 

During the survey, prices were collected from around 5,000 supermarkets in close to 300 survey 

locations, spread across the pilot countries. Survey locations covered cities of varying size for the 

entire survey period. Table 1 below provides the country coverage for the pilot study. 

In summary, the survey process gathered data successfully for at least six months in India, Nigeria 

and Kenya. By working to understand the dynamics of all the covered marketplaces, discovering and 

characterizing challenges and building strategies to combat those challenges, the project was also 

able to collect data continuously for at least four months in Bangladesh, Indonesia, Philippines, 

Pakistan and, to a lesser degree, in Brazil. 

2.2. Recruitment, Retainment and Compensation of Non-Professional Price Collectors 

The recruitment of Non-Professional Price Collectors (NPC), training and price collection survey 

was performed using a custom built website, developed in three languages (English, Portuguese, and 

Indonesian) to target focused geographies. Figure 1 depicts the project workflow and its various 

steps. 

 

Figure 1: Project Workflow 

In order to drive traffic to the website and recruit NPCs, the following tactics have been employed: 

(i) Internet and mobile advertising using social media networks including Facebook, Twitter, 

Buzzcity, and Orkut; (ii) Email campaigns; (iii) NPC referral by active NPCs; and (iv) Direct 

recruitment using online job boards. Table 2 below shows the number of active NPCs contributing in 

each country per month. In total, 4,751 NPCs submitted price data within the pilot project. 

Table 2: Active Non-Professional Price Collectors 

Country Aug ‘11 Sep ‘11 Oct ‘11 Nov ‘11 Dec ‘11 Jan ‘12 Feb ‘12 Mar ‘12 Apr ‘12 May ‘12 Total 

Bangladesh n/a n/a n/a n/a n/a 21 240 671 1,333 162 2,428 

Brazil 0 0 0 0 0 1 3 9 17 25 55 

Indonesia 0 6 0 0 0 10 43 52 60 44 215 

India 1 45 62 71 86 77 112 113 118 42 726 

Kenya 0 5 24 73 142 84 151 364 576 493 1,912 

Nigeria 0 3 3 53 65 70 221 249 274 53 991 

Philippines n/a n/a n/a n/a 5 19 40 45 59 8 176 

Pakistan n/a n/a n/a n/a 2 70 119 185 199 79 654 

Total 3 60 95 212 300 331 689 1,017 1,303 744 4,751 

The incentive structure was a crucial component with which participant behavior can be influenced. 

The original structure of value of airtime minutes paid was: $1.00 as an initial bonus for providing 

supermarket information; $0.50 for each supermarket identified up to a limit of three supermarkets; 

and $5.00 for each verified item batch submission, consisting of price observations for each available 

item, containing thus a maximum of 30 price observations. Subsequently, a referral bonus of $1.00 

was granted to existing NPC for every new referral that enlisted as an NPC and submitted price data. 

Weekly payments were limited to $20.00 per NPC in order to limit excessive payments in the event 

of fraudulent behavior. After reviewing recruitment, data submission rates, and following the change 

in the NPC workflow, the incentive structure was further modified. The incentive for item price 

Respond to 
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batch submission was increased for those countries where there was little activity: $7.00 in Indonesia 

and $15.00 for Brazil. 

2.3. Data Collected 

Data collected is broken into the three categories: (1) NPC data collected through the prequalification 

survey including Date of birth, Location, Languages spoken, Level of education, Mobile phone 

information, Level of internet access, and other contact details; (2) Supermarket data collected in the 

supermarket identification phase, including Name of the supermarket, Location information, and 

Photograph of the supermarket (optional); and (3) Price data collected during the price collection 

phase, for approximately 30 supermarket commodities. Figure 2 below shows an example of an item 

specification. The basic set of information collected covered: Price of the item identified; Weight or 

volume of the item (for standardization purposes); Additional comments (e.g. whether the item is in 

season or not); and Photograph of the item (optional). 

 

 [11] Long grain rice - Non-Parboiled 

Quantity 0.5 - 1.2 Kilogram 

Brand Well known 

Type Long grain, white rice (milled rice) 

Packaging Pre-packed 

Quality High grade 

Preparation Uncooked, non-parboiled 

Other 

features 
Not enriched, not aromatic (fragrant), not sticky 

Exclude Premium rice e.g. Basmati rice, Jasmine rice 

Figure 2: Example of an Item Specification 

To enhance the analysis process, the price collection website stored additional metadata alongside 

this primary NPC-submitted data, such as country specific currency, timing information, and fine 

grained (GPS) location information where it was available from the device used. 

3. Data Analysis 

3.1. Data Verification 

Verification of the submitted data is a semi-automated process, involving analysis and manual 

inspection. Each NPC was scored based on various behaviors and the quality of the item batches that 

they submitted. High-scoring NPCs were automatically verified, negatively scoring NPCs were 

blacklisted, and those in a neutral standpoint were manually verified. Behaviors of NPCs such as 

frequency of collection, number of batches submitted, length of time taken to submit a batch, and the 

interval between item batches were of particular interest. Potential indicators of fraud included 

registering multiple times to get around limits as well as patterns of referrals. Additionally, the 

number of entries in a batch and the number of comments indicated the quality of data input. The 

verification measures were continually reviewed and revised as more data became available and 

patterns of behavior and common failure modes became apparent. Figure 3 below shows the item 

submissions accepted and rejected for the full collection period. 
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Figure 3: Submitted and Accepted Item Batches 

3.2. Statistical Validation 

Once the data is verified, price observations for each item at country level are validated using 

statistical measures such as t-ratio, Min/Max ratio and Coefficient of Variation
1
 (CV), to flag 

potential outliers. Observations failing to pass the set thresholds of the indices were excluded from 

the datasets.  

  

Figure 4: Number of Observations and Coefficient of Variation before and after Statistical Validation 

As a result of the statistical validation, the CVs for all countries decreased substantially, leaving 

Nigeria and Indonesia with the highest price variation, and Kenya and Philippines with lowest price 

variation, as shown in Figure 4 above. Kenya and Nigeria witnessed the highest number of deleted 

observations, whereas Philippines and Pakistan had the least number of deleted observations. Brazil 

                                                                 

1
 Coefficient of Variation = (Standard deviation / Average)*100 
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exhibited an extremely high initial CV with a low number of observations, thus the resulting average 

prices were unreliable. As a result, all remaining price observations for Brazil from data verification 

were deleted during the statistical validation 

At the item level, in general more observations were excluded for items with high initial CVs by 

using the combination of above-mentioned statistical indices. After the statistical validation, CVs 

generally went down to 30-40 for most items. On average, ten percent of price observations were 

deleted during the statistical validation. Most problematic items were Tuna Steaks and Cornflakes, 

while the least difficult items were Coca Cola / Pepsi Cola, Chicken Eggs and White Sugar. 

Table 3: Percentage of Deleted Observations for all Countries for the Whole Survey Period 
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Tuna steaks 21% White rice 12% Banana 9% 

Cornflakes 17% Shrimps 12% White bread 8% 

Wheat flour 15% Instant coffee 11% Brown Potatoes 8% 

Cassava 15% Dried white beans 11% Soybean oil 8% 

Flour White 14% Orange 11% Sunflower oil 8% 

Canned sardines 14% Maize 11% Milk 8% 

Long grain rice 14% Onion 10% Chicken legs 8% 

Minced beef 13% Apple 10% White sugar 6% 

Tea 13% Palm oil 9% Chicken eggs 6% 

Cooking salt 13% Carrots 9% Coca Cola/ Pepsi Cola 6% 

3.3. Assessment of Results 

This section assesses the results from three aspects: temporally, sub-nationally, and spatially across 

countries.  

3.3.1. Temporal analysis 

Figure 5 below plots average prices in US$ for seven selected items in India that have different 

trends over the period September 2011 to April 2012. Average prices were stable over the collection 

period for most of the countries, excluding most notably tuna steaks. Price fluctuations may be 

explained by seasonality, or by the difficulty in interpreting the item definitions.  

Figure 5 also makes a comparison to India’s monthly Food CPI (2000=100) for urban workers. 

Overall, the CPI and the individual items can have similar price change patterns, as can be seen for 

many of the pilot items. 

This pilot does not aim to replace a country’s CPI – that consists of thousands of items representative 

of the national food consumption behaviors – but instead it provides flash estimates on national and 

sub-national average price changes for key international food items, whose individual price changes 

can be larger or smaller than the whole national Food CPI basket. Thus, the data collected in this 

project complements the knowledge on price fluctuations within the countries, and provides insights 

to price changes across countries.  
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Figure 5: Monthly Average Prices for India, US$ 

3.3.2. Sub-national spatial analysis 

On the sub-national level, Table 4 below shows the average prices for five large Indian cities, 

Mumbai, Hyderabad, Pune, Nashik and Jabalpur, as well as average prices for India in total and for 

the remaining sample, for the period January-March 2012. As presented in Table 1 “Country 

coverage” above, prices were collected in 33 survey locations across India. 

Table 4: Sub-National Average Prices for India, Q1 2012 
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Item Prices in US$, Q1 2012 
 

Item Prices in US$, Q1 2012 

Rice 1.53 1.41 1.65 1.54 1.59 1.45 1.41 
 

Orange 1.21 1.03 1.20 1.37 1.55 1.13 1.05 

White rice 0.81 0.69 0.92 0.83 0.80 0.74 0.75 
 

Apple 2.18 2.34 2.25 1.91 1.93 2.27 2.24 

Cornflakes 2.02 2.03 2.44 1.68 1.66 1.91 1.89 
 

Carrots 0.80 0.84 0.75 0.85 0.79 0.86 0.79 

Wheat flour 0.77 0.70 0.81 0.83 0.75 0.79 0.74 
 

Onion 0.48 0.49 0.56 0.38 0.37 0.52 0.46 

Maize Flour 1.67 1.70 1.72 1.59 1.46 1.71 1.73 
 

Maize 0.91 1.06 0.90 0.89 0.79 0.89 0.94 

White bread 0.99 0.90 1.01 1.11 1.00 0.94 0.99 
 

Potatoes 0.51 0.51 0.59 0.42 0.39 0.58 0.52 

Minced beef 3.42 3.77 3.36 3.26 3.09 3.29 3.53 
 

Cassava 0.75 0.56 0.86 0.81 0.81 0.72 0.62 

Chicken legs 2.68 2.51 3.02 2.44 2.53 2.70 2.51 
 

Dried beans 0.55 0.62 0.49 0.60 0.58 0.51 0.58 

Tuna steaks 3.49 2.95 3.26 3.85 3.83 3.33 3.29 
 

White sugar 0.80 0.77 0.82 0.83 0.80 0.80 0.76 

Shrimps 4.55 3.91 5.18 4.12 4.21 5.24 4.21 
 

Cooking salt 0.50 0.43 0.59 0.49 0.49 0.48 0.46 

Canned 

sardines 
0.94 0.84 1.00 0.93 0.81 1.26 0.88 

 

Instant coffee 2.89 3.23 2.70 2.68 2.67 2.85 3.17 

Milk 0.92 1.02 1.04 0.87 0.82 0.91 0.80 
 

Tea 0.62 0.71 0.69 0.56 0.47 0.66 0.61 

Chicken 

eggs 
0.48 0.48 0.51 0.50 0.48 0.44 0.47 

 

Coca Cola/ 

Pepsi Cola 
1.40 1.41 1.28 1.63 1.63 1.36 1.34 

Sunflower 

oil 
1.89 2.00 1.71 1.89 1.78 2.10 2.08 

 

Totals for all items 

Palm oil 1.50 1.59 1.49 1.42 1.30 1.59 1.61 

 

Overall Price 

Ratio 
1.00 0.98 1.04 0.99 0.95 1.01 0.97 

Soybean oil 2.03 2.28 1.91 1.78 1.67 2.23 2.30 
 

Total # of obs. 27694 3662 8611 2656 4244 2019 6502 

Banana 1.00 0.94 1.02 1.21 1.27 0.82 0.83 

 

Av. # of obs. 

per item 
923 122 287 89 141 67 217 
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3.3.3. Cross-country spatial analysis 

The Price Level Index (PLI)
2
 for categories of items reveals the price differentials between each 

country and another country or a group of countries. For example, in Table 5, in comparison to the 

geometric mean of the seven countries, prices for meat and fish in Bangladesh are relatively higher, 

while its PLIs for all the other categories are relatively lower.  

Overall Food PLI for Nigeria is the highest among all the countries. Kenya and Philippines have 

slightly higher PLIs compared to the geometric mean, whereas Indonesia’s price level is closest to 

the geometric mean. India and Pakistan have the lowest price levels.  

Table 5: PLI for Categories of Items for Q1 2012 (Geometric mean of countries = 100) 

Categories Bangladesh India Indonesia Kenya Nigeria Pakistan Philippines 
Geometric 

mean 

Bread and cereals 76 79 94 96 244 74 103 100 

Meat & Fish 114 80 95 126 118 92 85 100 

Milk, cheese, and eggs & 

Oils and fat 74 75 96 111 148 92 124 

100 

Fruits & Vegetables 65 77 97 115 206 60 143 100 

Sugar, jam, honey, 

chocolate, and 

confectionery 68 72 107 91 197 67 158 

100 

Non-alcoholic beverages 89 80 103 117 143 82 99 100 

Overall Food PLI 79 77 98 109 171 77 116 100 

The relationship of the price levels of the countries is quite similar to officially released statistics. 

The table below shows the comparison between results from this pilot survey and Food PLI released 

by the Asian Development Bank for 2009. Although the number of countries and the basket of items 

included in the analysis differ, the relationship between the selected countries is still comparable and 

the results from both are in line, as shown in Figure 6.   

 

Figure 6: Overall Food PLI comparison Between the Pilot and the Asian Development Bank Comparison
3 

                                                                 

2
 PLI is defined as the ratio of the Purchasing Power Parities (PPPs), which is price relatives between countries, to the 

exchange rate and is expressed as a percentage. A country PLI that is greater (less) than 100 indicates that when the 

national average prices are converted at exchange rates, the resulting country prices tend to be higher (lower) on average 

than prices in the base country of the group. 
3
 For the pilot, the PLI is for all 30 food items, based on the data for the 7 pilot countries. For the ADB study, the PLI is 

for Food and Non-Alcoholic Beverages, based on the data for the 21 participating countries in the Asia comparison. Both 

figures are recalculated to make Bangladesh as the base (Bangladesh PLI = 100). 
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4. Challenges, Successes, and Lessons Learned 

As with any pilot project, reporting the benefits and challenges is an important element for 

improving the project design and operation. The data collection survey process was challenging, 

particularly in certain countries. The main challenges encountered included: 

(1) Legal, Cultural, and Language Challenges: Local laws pertaining to the use of the Internet, 

mobile phones, data collection and its intent, as well as photography impacted the project, especially 

in China. Cultural and language barriers needed to be addressed since they can significantly impact 

the success of the data collection process. For example, the website had to be translated into 

Portuguese and Indonesian to facilitate the project in Brazil and Indonesia respectively. Furthermore, 

levels of engagement differ greatly across countries. To address this concern, market-specific 

projects and localized project websites along with individual recruitment and incentive plans were 

entertained. 

(2) Building Trust: Trust is difficult to build, yet is imperative between the NPCs and the project. 

The project had to instill a sense of trust in the NPCs to ensure utmost data quality while balancing 

with fraudulent identification measures. 

(3) Incentive Level and Structure: The incentive level and structure affected the recruitment and 

retainment of NPCs. Recruitment was challenging in countries such as Brazil where the level of 

incentive was initially not high enough to attract engagement. Further research is necessary to 

determine the level of incentive required to completely engage NPCs at a productive standpoint. 

Another issue faced was a lag in payment due to an unreliable payment network with which the 

project partnered in some countries such as Egypt.  

(4) Survey Coverage: The purpose of this pilot was to check what kind of penetration and survey 

coverage can be achieved. No predetermined survey framework was established. In the future, a 

survey framework needs to be established at the beginning of the project and specific number of 

observations per survey location need to be targeted. Also, this kind of collection method may not 

work well for social surveys that depend heavily on response rates for certain social classes, for 

example.  

(5) Managing and Analyzing Big Data: Working with a huge dataset of microdata that results from 

such a project can be challenging and it requires database and validation systems to be put in place, 

in order to ensure robustness of the data validation process. Since the data is collected using crowd-

sourcing, engaging the crowd can also be used in the validation process. “Crowd-validation” would 

entail that both data collectors and data users would participate in ensuring quality of the collected 

data. 

Despite the challenges faced, the project was successful. The pilot provided insight to the potential 

use of alternative ways to sample and collect price data across countries. During the survey, prices 

were collected from around 5,000 supermarkets in close to 300 survey locations, spread across the 

pilot countries, by over 7,000 NPCs. The developed platform proved that once efficient verification 

and validation mechanisms are in place, data users across the globe can have access to the price data 

within days after the data collection. 

The collected data showed that crowd-sourced price collection is feasible and thus the developed 

platform can have a wide variety of applications at the World Bank, international and regional 

agencies, national statistical offices and non-governmental organizations. The data produced by the 

method is cost-efficient and timely, enables high item and geographical coverage, is comparable 
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across countries and is open to users. In addition to the various uses of the data collected by 

combining crowd-sourcing and modern ICT means, this collection method benefits NPCs in low and 

middle income countries, through compensation in the form of free airtime and the feedback that 

they receive from the released data. 
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Abstract 
 
This paper contributes a quality framework for register-based data. Four quality-related 
hyperdimensions evaluate the data processing from the raw data level to the final statistics. The 
focus in this paper is on the quality assessment of different imputation steps and their influence 
on overall data quality. We suggest classification rates as a measure of accuracy of imputations 
and derive several computational approaches. Finally, the calculations are applied on data from 
the Austrian register-based census. 
 
 
Keywords: Register-based statistics, quality measurement, missing values. 
 
 
1. Basics of a quality framework for register-based statistics 
 
1.1. The principle of redundancy in register-based statistics 
A decisive quality-related concern of register-based statistics is the selection of appropriate 
data sources for the supply with required information. The principle of redundancy ensures 
satisfactory quality of attributes by collecting the information from as many data sources as 
possible. In such a setting, multiple registers deliver autonomous information and serve as 
instruments for cross-checks and validation. 
Figure 1 illustrates the principle of redundancy with an example of the Austrian register-based 
census. Seven base registers are connected to the respective topics of the census. While the red-
shaded data sources are maintained by the NSI itself, the remaining information is provided by 
external data holders. To ensure the quality of the results, these base registers are backed up by 
several comparison registers. The information of the comparison registers are provided by 35 
data holders and are mainly used for cross checks as well as the supply with information that is 
not or only partly available in the base registers (Berka et al., 2010, p. 300). Particular methods 
identify one specific base register to provide the information for a certain variable, whereas the 
comparison registers are used to confirm the values in the base registers (Lenk, 2008, p. 3). 
 
1.2. The quality assessment of administrative data 
With regard to the principle of redundancy, the NSI is not responsible for the data maintenance 
at the external data holders which contribute the large part of the required information. Hence, 
the relevance of quality assessment in the process of register-based statistics has to be 
emphasized. A quality-related analysis of register data has to satisfy several requirements such 
as transparency, accuracy and feasibility. Our approach presents a framework for the analysis 
of administrative data that derives quality indicators based on four different hyperdimensions.1  
 

                                                
1 See Berka et al. (2012) 



 
Figure 1: The principle of redundancy in the Austrian register-based census  

Register-based statistics depend on the quality of the information at the data holder. The data 
for the required variables are collected from as many sources as possible to check for 
consistency. In the Austrian register-based census this is accomplished by the combination 
of base and comparison registers. In this Figure the seven base registers are combined with 
the topics they supply. 

 
The quality framework for administrative statistics consists of three levels: the raw data (i.e. 
the registers), the combined dataset (Central Database, CDB) and the imputed dataset (Final 
Data Pool, FDP). Figure 2 illustrates the data processing, beginning with the delivery of raw 
data from the various administrative data holders. If there are multiple sources providing 
information on the same attribute, the data is connected via a unique personal key and merged 
to data cubes in the CDB. Finally, the CDB is enriched with imputations for item non-
response. This completes the register-based statistics, containing real and estimated 
information.  
We start with some considerations on the quality assessment at the three levels of the 
framework. Information on quality at the raw data level (see left boxes in Figure 2) is obtained 
via three hyperdimensions: Documentation (HDD), Preprocessing (HDP) and External Source 
(HDE). HDD describes quality-related processes in the register authority as well as the 
documentation of the data (i.e. metadata) prior to seeing the data. The degrees of confidence 
and reliability of the data holders are monitored by the use of a questionnaire containing 
several scored questions (e.g. administrative purpose or data treatment). The NSI is therefore 
able to check for data collection methods or legal enforcements of data recording which may 
significantly influence the quality of the data. 
 



 
Figure 2: Quality framework for register-based censuses  

The quality framework consists of the three levels: raw data (left), Central Database (center) 
and Final Data Pool (right). Four hyperdimensions (HDD, HDP, HDE, HDI) aim to assess the 
quality for different types of attributes at all stages of the data processing. Finally, every 
attribute i in the statistics of administrative data obtains a quality indicator qi. 

 
The second hyperdimension HDP is concerned with formal errors in the raw data. Range errors, 
item non-response and missing primary keys are detected in this step of the quality framework. 
The final result of this hyperdimension is given by the ratio of usable records to the total 
number of records. Again, this procedure is carried out for each attribute in each register. If the 
proportion of usable records for an attribute in a certain register is smaller than that of the same 
attribute within another register, the quality measure will accordingly be lower. 
Finally, the third hyperdimension HDE provides a comparison between the register-based data 
and an external source. In Austria, the microcensus is a common benchmark for representative 
surveys and is assumed to be the best comparative dataset available. Checking for consistency 
with the external source offers the third quality measure which is the ratio between the number 
of consistent values and the total number of linked records. Given these three quality measures, 
an overall quality indicator for each attribute and register can be derived as a weighted average. 
Hence, this indicator is able to capture quality-related effects from the data generation through 
to the raw data in the registers. 
The entire information from the registers is combined in the Central Database (CDB, center 
box in Figure 2) which covers all attributes of interest for the register-based statistics. Since 
there may be multiple data sources providing a certain attribute, a predefined ruleset picks the 
most appropriate information from the underlying registers. Concerning the evaluation of 
quality for the CDB we distinguish three types of attributes by their origin: 
 

• Unique attributes exist in exactly one register, e.g. educational attainment (cf. attribute 
C in figure 2). 

• Multiple attributes show up in several registers, e.g. sex (cf. attribute A in figure 2). 
The information from multiple sources is combined by a rule set to derive the most 
appropriate value in the CDB attribute. 



• Derived attributes are created based on different attributes, e.g. current activity status 
(cf. attributes F and G in figure 2). The registers do not contain any information for 
these attributes in the required specification. 

 
A detailed description of the quality assessment for the three types of attributes in the 
CDB is given by Berka et al. (2010, 2012). 
 
2. A structural approach to the quality assessment of imputations 
 
2.1. Data processing between Central Database and Final Data Pool 
In the previous section, we have examined the quality assessment on raw data level as well as 
in the Central Database. So far, item non-response has not been considered. Missing values, 
however, should be replaced by plausible information in the Final Data Pool (FDP, right box in 
Figure 2). 
Figure 3 illustrates an example of the quality assessment of a unique attribute, the educational 
attainment (EDU). The quality measurement for this attribute starts with the application of the 
three hyperdimensions on register level where the weighted average of the three 
hyperdimensions is assumed to be q

�
 = 0.89. In the case of unique attributes, the information 

from the register is directly transferred to the CDB. As a consequence, the quality indicator is 
equal to that of the register level. The quality of item non-response is set to zero on CDB level 
(see ID 004 in the center of Figure 3), since we do not have any information for this record. 
The quality for this entry is updated after the imputation process and is assumed to be qΨ = 
0.67. The entries which are not imputed have the same quality in the FDP as in the CDB. The 
average of the quality measures on FDP level results in the final quality indicator of qΩ = 0.85 
for the assessed attribute. Thus, the quality after the imputation procedure increases in 
comparison to the average quality on CDB level. 
 
 

 
Figure 3: Quality assessment for a unique attribute 

Assume the educational attainment (EDU) is only contained in one register. There is one 
missing value in the raw data, indicated by a dot. The quality measure of the missing 
observation in the Central Database equals zero. The imputed value in the Final Data Pool 
obtains the quality measured by the hyperdimension Imputation (HDI). Hence, the overall 
quality for the attribute EDU increases. 

 
This procedure is not only applied on unique attributes but on all three types of attributes. 
Moreover, it leads to the same consequence: since imputations provide plausible values for 
attributes that would otherwise deliver no information for a certain record, the quality of the 
attribute increases after the application of the imputation process. In the following section we 
will describe in more detail how the hyperdimension Imputation (HDI) is derived. 



 
2.2. Imputation process and estimating order 
First, a definition of the subject matter seems useful. The EU Commission Regulation 
1151/2010 distinguishes between item imputation and record editing.2 Item imputation refers 
to the insertion of artificial but plausible information into a data record with a missing value in 
this specific attribute. Record editing is the process of checking and modifying data records to 
make them plausible while preserving major parts of these records. However, record editing is 
often accomplished by deleting implausible values and subsequently imputing the missing 
entries. On the contrary, Chambers (2001, p. 11) does not distinguish „between imputation due 
to missingness or imputation as a method for correcting for edit failure“. The scholar argues 
that in both cases the true values are missing. 
Due to the principle of redundancy the amount of missing values in register-based statistics is 
generally considered to be rather low, since a large part of variables is covered in multiple 
registers. For instance, in the Austrian register-based census of 2011 the level of item non-
response for most attributes does not exceed 10%. Especially for demographic variables, like 
sex or age, the number of missing values is considerably lower. Generally, attributes with non-
response rates higher than 10% need special attention in the quality evaluation. The proposed 
quality assessment is intended for the evaluation of attributes with imputation rates lower than 
10%. 
Generally, the imputation procedure requires a hierarchical estimation order to connect all 
necessary steps in a chronological way. In this respect, several aspects have to be considered 
on a theoretical basis3: 
 

• In most statistics based on administrative data, a variety of registers is used in order to 
ensure sufficient quality for all required attributes. Due to possible differences in the 
data delivery (delays) it is necessary to check at which time each item can be edited. 

• The choice of predictors used for imputations should be based on their association with 
the variables to be imputed. Therefore it is imperative to analyze the highest 
correlations between the variables to develop optimal estimation models for each 
imputation step. Already imputed variables can be used as predictors to estimate other 
items and receive special interest. 

• The structured imputation procedure also provides the possibility to assess the quality 
of the imputation step, as a part of the quality framework. 

 
As an example, Figure 4 illustrates the interdependencies between the variables of the Austrian 
census topics. The hierarchical work flow is indicated by the arrows from one to another 
attribute. The relationships between variables are not confined within the subjects (e.g. LMS ← 
Age, Sex and POB), but also connect variables between the topics (e.g. EDU ← Age, Sex, 
COC and PFE). Demographic attributes, like age and sex, are the first ones in the estimation 
order, variables concerning the labor market are the last. Thus, many other variables are 
required to impute missing values in the variable occupation (OCC). 
 

                                                
2 See European Commission (2010) 
3 See Kausl (2012) 



 
Figure 4: Structured work flow of the imputation process 

POB=place of birth, GEM=size of locality, COC=country of citizenship, YAE=year of 
arrival in the country since 1980, LMS=legal marital status, CAS=current activity status, 
ME=marginal employment, FPT=full-part-time employment, OCC=occupation, 
PFE=participation in formal education, EDU=educational attainment (highest completed 
level), NOC=number of occupants, POC=period of construction, NOR=number of rooms, 
TOI=toilet/bath facilities, WSS=water supply system, UFS=useful floor space, OWS=type of 
ownership, THO=type of heating, IND=industry (branch of economic activity) 

 
2.3. Applied imputation methods 
For the quality assessment of imputations in register-based statistics (HDI in our framework), 
the distinction of methods is crucial (see Kausl, 2012). We distinguish between deterministic 
editing, statistical estimation (primarily Hot-Deck technique, but also logistic regressions) and 
statistical matching. To begin with the first, missing values in the data can be imputed by 
deterministic rules, even before applying statistical methods. Due to the principle of 
redundancy and the use of multiple registers, we are able to derive missing values from 
auxiliary data. Two examples from the Austrian register-based census illustrate such cases: 
 

• Consider missing values in the legal marital status (LMS): Information on individuals 
receiving a widow’s/widower’s pension is provided by the Central Social Security 
Register. This information is gathered to deduce missing values of the attribute LMS to 
„widowed“.  

• People younger than 15 years are classified „not applicable (persons under 15 years of 
age)“ with regard to the educational attainment (EDU). Their current activity status 
(CAS) is „persons below the age of 15“ and their marital status (LMS) is „never 
married“. 

 
We do not consider such derivations with the utmost matching probability as estimations in the 
narrower sense but rather as plausibility steps. However, there are also derivations with 



substantial uncertainty due to the lack of information. Still, in the following cases taken from 
the Austrian register-based census no specific statistical method is necessary: 
 

• The Central Population Register has information on the place of birth (POB). Missing 
values are filled up with information on the country of citizenship (COC), if the person 
has a foreign citizenship. It is reasonable to assume that people with foreign 
citizenships were born in that country even though there is considerable uncertainty 
regarding this conjecture. In the Austrian census of 2011, there was a hit ratio of 77% 
for the attribute POB with this imputation method.4 

• Suppose the marital status (LMS) is missing and there is another individual living in the 
same household. If the other person is „married“, the age difference between the two 
individuals is less than 18 years, and their sex differs, then the missing marital status is 
set to „married“. 

 
One of the most common imputation methods is the Hot-Deck technique. The basic idea is to 
aggregate individuals to groups („decks“) by attributes which are strongly correlated to the 
response variable. The distribution in the decks of the source data is transferred to the 
corresponding group of the target data. Table 1 gives an example of artificial data for the LMS. 
The distribution of the existing values is applied on the missing values. Consequently, 55.6% 
of all females aged 30 to 40 years with their main residence in Tyrol and a missing value for 
LMS will be considered as married women. Which females are set to „married“ is determined 
by a random variable that picks the individuals from the pool of all females with missing 
values. The random variable (∈[0,1]) is uniformly distributed and ascribes the imputed values 
to individuals with missing observations. 
Finally, statistical matching is another common method for imputations. Register-based 
statistics rely on unique keys for every individual in order to combine the information from 
multiple data sources. Consider a data record with a missing unique key but information on 
several other attributes, among which is the educational attainment (EDU). Statistical matching 
searches these „levitating“ observation and interconnects them with individuals who have a 
missing value for EDU but else the same characteristics. 
 
Table 1: Artificial example of the Hot-Deck technique for legal marital status (LMS) 

Sex Age Federal State Size of deck P(never married) P(married) P(divorced) P(widowed) 

Female 30-40 Tyrol 50,000 37% 55.6% 7% 0.4% 

male 50-60 Vienna 100,000 12% 66% 20% 2% 

⁞ ⁞ ⁞ ⁞ ⁞ ⁞ ⁞ ⁞ 

 
 
2.4. Quality assessment of imputation models 
In the previous section we have briefly examined different sorts of imputation methods for 
administrative data. To achieve satisfactory quality, Chambers (2001, p. 11f) contributes five 
quality-related properties that should be minded in the imputation process: 
 

(1) Predictive Accuracy: The imputed values should be as „close“ as possible to the true 
values. 

(2) Ranking Accuracy: The imputation process should preserve the order of imputed values 
(for attributes which are at least ordinal). 

                                                
4 In the existing data, the POB of 77% of all individuals with a foreign COC is located in the respective country. 



(3) Distributional Accuracy: The imputation procedure should preserve the distribution of 
the true data values. 

(4) Estimation Accuracy: The lower order moments of the distribution of the true values 
should be reproduced by the imputation process (for scalar attributes). 

(5) Imputation Plausibility: The imputation procedure should result in imputed values that 
are plausible. 

 
Not every variable can satisfy all of the five properties, since some are bound to certain scales 
of measurement. However, these conditions are a good reference point for the multiple 
dimensions of quality assessment for imputations. Generally, an overall quality measure for 
imputations requires the evaluation of two parts, the inputs of the estimation models as well as 
the output (i.e. the accuracy of the model). The inputs of the estimation models are assessed 
with the three hyperdimensions HDD, HDP, and HDE that derive a quality indicator for each 
attribute. The hierarchical estimation order plays a decisive role when the quality of input 
variables is used.  
For the evaluation of the model itself, the so-called classification rate Φ is used to get a quality 
measure for the imputations5. The benefit is that the classification rate is a general measure for 
the goodness of fit and can also be applied on the Hot-Deck technique. The basic idea is to 
apply the imputation model on already existing data of the register-based statistics. Then, the 
results of the imputation process are compared with the true values of the observations. The 
classification rate equals the ratio between the perfectly matching values and the number of all 
compared entries. 
This measure can specifically be applied on categorical variables and is shown in equation (1). 
One example for a categorical variable is the legal marital status (LMS). In this case the quality 
assessment should measure the hit ratio, i.e. the probability that the estimation model picks 
exactly the right category of the true value. 
 

Φ = 1 − ��� 	
 �(�� ≠ �∗)
�

���
 (1) 

 
For ordinal variables the distance of the imputed value to the true value is relevant, hence 
equation (2) is a modification of the classification rate Φ that measures and standardizes this 
gap. A satisfactory quality indicator has to consider the accuracy of the model which means 
measuring the contiguity of the estimated value to the true value. Assume several categories of 
the attribute educational attainment (EDU), ranging from primary to higher tertiary education. 
If the true value was higher tertiary education, an estimated value of lower tertiary education 
would be more accurate than an estimated value of lower secondary education. 
  

Φ = 1 − ��� 	
�12	�
��� − �∗����() − ���() + �(�� ≠ �∗��

�

���
 (1) 

 
For the case of numerical variables both concepts (1) and (2) can be applied6, however a simple 
correlation coefficient between estimated and true values is considered to be a more intuitive 
approach. One example for a metric attribute is the useful floor space (UFS) of a household. 
The quality assessment of imputations of numerical variables is still an ongoing task. 

                                                
5 The statistical measures to evaluate the imputation performance were adopted from Hui and AlDarmaki (2012) 
and Chambers (2001). 
6 Chambers (2001, p. 15) suggests that the methods which are developed for categorical variables could also be 
applied on scalar attributes by first categorizing them. If the arbitrariness of categorizing variables should be 
avoided, an applicable imputation performance measure has to be constructed. 



Finally, we apply the considerations of a quality assessment on the imputation methods we 
described above: deterministic editing with and without uncertainty as well as statistical 
estimation. Thus, we distinguish the following quality assessment rules: 
 

• Deterministic editing without uncertainty: The input quality equals the quality of the 
source variable, the output quality equals 1, in other words the classification rate Φ=1. 
The overall quality of the imputation yields 
  !" = #($%&'()) ∙ 1 

 
• Deterministic editing with uncertainty: The input quality equals the quality of the 

source variable, the output quality equals the classification rate Φ: 
  !" = #($%&'()) ∙ 	Φ 

 
If there are more than one source variables, the input quality is the product of the single 
quality measures of the input variables. 

 
• Statistical estimation: The input quality equals the product of the quality indicators for 

the predictors P, the output quality is again the classification rate: 
 

 !" = #(+�) ∙ #(+,) ∙ …	∙ #(+�) ∙ Φ =.#(+/) ∙
0

1��
Φ 

 
3. Results of the quality measurement of imputations in the Austrian census 
 
With regard to the suggested quality assessment for imputations, we provide preliminary 
results for the attribute legal marital status (LMS) from the Austrian register-based census of 
2011. The results in Table 2 show two different imputation methods, Hot-Deck and 
deterministic editing without uncertainty. 
 
Table 2: Preliminary results for the calculation of HDI for the legal marital status (LMS) 

Imputation method  P1 P2 P3 Φ HDI #
Ψ

 #
Ω

 

Hot-Deck* 
Attribute Age Sex POB LMS LMS   

q 0.9625 0.9994 0.7749 0.6791 0.5061   
Deterministic editing 
without uncertainty** 

Attribute Age   LMS LMS   
q 0.9625   1 0.9625   

Total*** 
Attribute      LMS LMS 

q      0.6014 0.6101 
Source: Austrian register-based census 2011. Note: LMS=legal marital status, POB=place of birth. 
* This specific selection of predictors only applies to individuals in single person households. 
** If age is under 15 years then LMS is „never married“. 
*** The results are only based on the two methods above. 
 
For the Hot-Deck technique, three predictors are used to impute the LMS for individuals in 
single person households: age, sex and the place of birth (POB). The quality indicators q result 
from the weighted average of the three hyperdimensions HDD, HDP and HDE. The 
classification rate Φ measures the hit ratio if the imputation method is applied on observed 
data. Thus, if we impute already existing entries of the LMS, the values of 68% of the 



observations match with the imputed values7. The hyperdimension HDI, which is the product 
of the quality measures of the input variables and the classification rate, equals 0.51. 
The second method is a simple derivation from the variable age. If the individual is younger 
than 15 years of age, the LMS is imputed „never married“. HD I equals the quality of the source 
variable since the hit ratio is 1. The overall quality of the attribute LMS is positively affected as 
can be seen in the last row. The quality indicator #2,456 in the CDB equals 0.6014. Remember 
that the quality of missing values is set to zero. After the imputations, the entries obtain the 
quality of HDI which results in an increase of the overall quality #7,456 in the FDP. 
 
3.1. Conclusion and Outlook 
In this paper we have contributed a structural approach for the quality measurement of 
imputations. We contribute the quality assessment for different imputation methods and 
consider as well various types of attributes. By means of classification rates we are able to 
assess the input as well as the output of multiple imputation methods. However, there are still 
ongoing tasks like the quality measurement of statistical matching and for scalar variables. 
The quality assessment of imputations is the last conceptual step in the quality framework 
contributed by Berka et al. (2010) for the register-based census in Austria. However, we 
suggest that this quality framework is primarily applied on attributes with a missing value 
percentage of less than 10%, while attributes with higher non-response rates need special 
attention. The imputed values have a slightly positive effect on the overall quality indicators of 
the variables, as preliminary results for the Austrian census show. However, the impact of 
imputations is moderate, since the number of missing values is rather low. 
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Abstract  
    

The access for scientific purposes to confidential EU microdata can be provided by sets 
of anonymised files, which are sent to the researcher’s institution or directly in the 
premises of Eurostat in the safe centre in Luxembourg. The researchers preferably like to 
work with non-anonymised microdata (of course without direct identifiers) to keep the 
full analysis potential without loss of information. And by now there is only the one 
possibility for European researchers to travel to Luxembourg to access these confidential 
data at the safe centre, what means a heavy burden, caused by the local constraints.  
There are currently several ambitions in setting up a remote access to official microdata 
in Europe. One way to guarantee decentralised access for researchers to EU microdata is 
to provide access in the in safe centres of the National Statistical Institutes (NSIs) of the 
Member States (MS) via remote connection to Eurostat. 
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1. Introduction   
 
 The ESSnet-project “Decentralised and Remote Access to Confidential Data in the ESS” 
(DARA) deals with the implementation of a remote access system from safe centres in 
Member States to the EU microdata at Eurostat. 

The aim of the ESSnet-Project DARA is to establish a secure channel from a safe centre 
within a NSI to a secure server at the European Commission’s network so that 
researchers can use confidential EU data in their own Member States without travelling 
to Luxembourg.   
Eurostat is conducting the „Vision Infrastructure Project on Secure Infrastructure for 
Confidential data access“ (VIP-SICON) to build a remote access working platform.  
The ESSnet DARA-project team has defined a concept of technical implementation and 
safety requirements for a remote access system. The usability of this system, the 
capability to analyse data and the appropriate safety requirements will be implemented by 
Eurostat. The concrete task of participating NSIs is to provide a secure channel to 
guarantee access for data users to the system at Eurostat and also to provide service and 
IT-support for the researcher on the local national level. 



 
The project has started in October 2011 with a duration of 24 months and is conducted 
with the following six institutions:  
� National Institute of Statistics and Economic Studies, France, INSEE 
� Hungarian Central Statistical Office, Hungary, HSCO 
� Office for National Statistics, United Kingdom, ONS 
� Instituto Nacional de Estatistica, Portugal, INE 
� State Statistical Institute Berlin-Brandenburg, Germany, AfS Berlin 
� Federal Statistical Office Germany (co-ordinator), DESTATIS 
 
 
2. Task of the project  
  

The topic of remote access to EU statistics is covered by two projects. One is the ESSnet 
project “Decentralised and Remote Access to Confidential Data in the ESS” (DARA) and 
the other one is the project “Vision Infrastructure Project on Secure Infrastructure for 
CONfidential data access” (VIP-SICON-Project) which is conducted with Eurostat and 
an external company to set up a platform to access and analyse the EU statistics. The 
relationship between those two projects is shown in picture 1. The VIP-SICON System is 
a framework designed for different purposes, i.e. European Group Registers (EGR), 
DARA and even more. The main goal is to set up a secure infrastructure for sharing and 
accessing EU confidential data from Member States. Within this system the confidential 
data can be viewed, processed and analysed. The focus is on various parts like IT 
infrastructure, technological aspects, security issues and procedural aspects i.e. 
guidelines, documentation of the infrastructure and the workflow.  
 

 
 
Picture 1: Relationship between VIP-SICON and ESSnet DARA 
 



Part of VIP-SICON is to provide the platform inside Eurostat. Part of ESSnet DARA is to 
define how a remote access system will look like and how it will be implemented.  
The SICON-project builds an IT system for a remote access via thin-client and sets up the 
working platform and applications for researchers to analyse the data. The task of the 
ESSnet DARA is to connect the NSIs to the central system at the server at Eurostat 
(Brandt, M. et al., 2011, Croessmann 2011). 
 
 
3. Results  
 
The results are deliverables with descriptions of the remote access system inclusive the 
workflow, a real technical infrastructure and also valuable experience that has been made 
during the first part of the project. 
The ESSnet DARA project can deliver a comprehensive “list of user and safety 
requirements for an European remote access system”. This paper describes the details 
of user requirements, the safety requirements from IT perspective and also the workflow 
that involves all parties to maintain the system. This list supports the VIP-SICON-Project 
to design the working platform for the researchers.  
During the first project year there have been drafted documents with descriptions and 
guidelines for NSI staff and researchers with the following content:  
 
� Accreditation Guidelines for Safe Centres 
� Technical connection to ESSnet DARA environment  
� Process for recognition of research entities  
� Review process for research proposals  
� Process and templates for signing confidentiality undertakings  
� Researcher management system  
� Manage user accounts  
� Data management  
� Output Checking  
� Form for research proposals  
� User manual on access to confidential data  
 
All the documents are combined to a single handbook which is for the use at the EC, the 
NSI and a separate one with essential information for the researchers.  
 
There is also a real infrastructure now that allows NSI to access a server at the European 
Commission. The safe connection between the European Commission (EC) and the NSIs 
in the Member States is guaranteed by a safe network named “Secure Trans European 
Services for Telematics between Administrations” (sTESTA) based on a secure https-
channel. Only institutions that are part of the network are able to connect to the server 
within the network of the EC. At the moment there are two NSIs connected via sTESTA 
to the server. The project is also thinking about alternative solutions for a connection to 
the SICON system.  
Once the VIP-SICON system is in place, the pilot needs to be tested. Therefore a first 
draft of a testing plan to evaluate the usability of the SICON System was developed.  



 
The main advantage of this remote access system is that no data and not even 
anonymised data will physically be transferred to the MS. The data will remain at the safe 
servers at Eurostat and will be only accessed via secure connection from Safe Centres in 
NSIs which are also in a secure environment of official statistics. From data owner 
perspective this system generates a lot of trust because a decentralised data management 
with local copies will be avoided and Eurostat is able to keep control of the data. 
It is also in progress to harmonise the goals and developments with another EU project, 
Data without Boundaries (DwB), a project that exists to support equal and easy access to 
official microdata for the European Research Community aiming researchers’ 
transnational access to official microdata through coordination of existing infrastructures 
(DwB project website). Both projects are aiming to develop and improve solutions for 
remote access in Europe. The best solution is, if the system is synchronised and 
transparent but leaves also room for flexibility to integrate other future technologies. 
Therefore an exchange and a lively communication between the two projects are going 
on. 
Next to the progress that has been made already during this short time, there are a still 
remaining questions and issues that need to be solved. 
 
 
4. Issues to solve  
    

For the remaining time of the project the drafts of the single documents need to be 
finalised. The implementation of the pilot will be conducted and tested. 
Depending on the coordination of the time schedule of the two projects VIP-SICON and 
ESSnet DARA this will be a challenging task. 
 
For the preparation phase of the pilot the way of the technical connection to the server at 
the EC was investigated. At the moment there are two NSIs connected via sTesta 
network. The other NSIs have difficulties to connect via sTesta for various reasons. 
That’s why the alternative to connect via secure VPN is also discussed and investigated at 
the moment. 
There is also the remaining question of financing this system of microdata access and 
how the administrative burden will be shared between Eurostat and Member States. 
 
 
5. Outlook  
     

A lot of investments have been made already and in the long-term, remote access seems 
to be the best option (Brandt and Zwick, 2011; Brandt and Eilsberger 2010; ESSnet DA), 
both nationally and internationally; all the more so as a method, once developed, can 
rapidly be transferred to other surveys and could allow “just in time” delivery of data. 
The technical developments have reached a phase where online access is possible from 
anywhere or will be possible soon with the relevant range.  
Remote access allows researchers to process the data at any time and (theoretically) 
location and has the advantage that the data remain in the protected rooms (and on the 



protected servers) of the statistical offices. Also, that kind of data access increases the 
networking among researchers and the scientific transparency because any researcher 
may access the data and replicate results any time. 
The possibilities offered by the technical infrastructure are far from exhausted and have 
further potential for development in the future. Nevertheless legal issues, too, must be 
settled at this point. 
The aim of the project is, to provide the bases for remote access. The project will take 
into account the methods developed in other countries and will benefit from the 
experience of international working groups.   
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Abstract 
 
In this paper it is described the development and implementation of a generalized instrument to 
improve dimensions of statistical quality such as accessibility, usability, accuracy and 
interpretability for sample surveys. 
In this context Business Intelligence technology (data-warehouse, Olap, Data mining, web 
application) can be very useful to make easier the process to get information and knowledge from 
data with the aim of improving accessibility and usability. 
Application metadata, which usually allow navigation through the available information, have been 
integrated with a set of methodological metadata. This provides a generalized metadata driven tool 
to support users with different degree of statistical literacy in the evaluation of sample survey 
estimates. The final goal is the control of critical dimensions of statistical quality: 

- Accuracy: defined as the closeness between the estimated value and the (unknown) true 
value, to asses the reliability of the estimates; 

- Interpretability: reflects the easiness for users to understand and properly use and analyze 
the data or information, for example to evaluate differences among estimates referred to 
different times or sub populations.  

 
Keywords: Data Quality, Business intelligence, Complex Sample Surveys 
 
1. Background 
 
The analysis of the results of a sample survey should always be accompanied by an assessment of 
the accuracy of the estimates, a measure of the dispersion of the estimates around the true value of 
the parameter in the population. Furthermore it should be an important requirement for national 
statistical institutes to estimate sampling errors and then to disseminate and represent them to the 
users in a transparent and clearly readable way. 
On the other hand, protocols for LFS micro data communication are very common, in this way 
many researchers can access to individual (detailed) data and produce estimates on their own in the 
complete absence of any guidance ensuring exploration of consistency except methodological notes 
and documentation. Thus a main problem arise: the reliability and consistency of the analysis 
outputs, according to the specifications and the methodological limitations related to the underlying 
sampling design. 
 
2. Methods 
 
In sample surveys, specific methods are often used to improve accuracy and to control the costs of 
survey data collection: samples are often clustered geographically, or based on multiple sampling 
stages so the form of estimators, usually calibration estimators, is no longer linear. These methods 
add further complexity to the analysis, which must be accounted in order to correctly use sample 
estimates.  To assess the accuracy of an estimator is appropriate to refer to MSE to take into account 



its variation and unbiasedness. Calibration estimator is uncorrect but, with increasing size of the 
sample, the estimator converges asymptotically to the estimator of generalized regression as 
discussed by Deville and Särndal (1992), It follows that for sufficiently large samples (such as those 
on labor force survey), we can assume that the estimator has approximately the same properties of 
the generalized regression estimator (accuracy, consistency) and that have the same sample 
variance. 
An exact computation of the estimate variance is easy only in case of simpler sampling designs.  
In all other cases the estimation is quite difficult and requires high-demand procedures in terms of 
computational complexity.  
Moreover, questionnaires are also very complex and many estimations usually are produced so the 
publication of estimations variances would be very difficult to bring up and to interpret for users. 
For these reasons regression models may be used to produce synthetic evaluations of sampling 
errors. The hypothesis is the existence of a relation between relative sampling error )ˆ( Ydε  and the 

estimation dŶ , in particular for qualitative variables a model specification which shows a good fit is: 

)ˆlog()ˆ(ˆlog 2 YbaY dd +=ε          d =1,…D    (1) 

where d is the general domain of interest. 
Models (1) are fitted for each domain of interest on a wide set of estimates, taking care to choose 
heterogeneous levels for them. 
 
Table 1. Sampling error regression model, NUTS II level, IT-LFS 2011 - Estimated values for R2  
 
 R2 
Nuts II Area 2011Q1 2011Q2 2011Q3 2011Q4 2011 
Piemonte 95,1 94,4 95,1 94,5 95,5 
Valle d'Aosta 93,6 93,2 94,0 94,1 94,8 
Lombardia 94,4 96,0 94,5 95,5 96,3 
Trentino Alto Adige 95,0 94,9 94,8 95,0 95,6 
Veneto 93,8 94,2 95,2 94,0 95,6 
Friuli Venezia Giulia 92,1 93,5 93,1 94,3 95,1 
Liguria 92,1 93,2 94,8 94,2 95,7 
Emilia Romagna 92,4 93,8 93,5 92,5 94,7 
Toscana 92,5 93,6 93,3 93,4 94,7 
Umbria 93,8 93,8 94,4 94,6 95,2 
Marche 94,5 92,8 94,9 95,2 96,2 
Lazio 94,6 92,2 92,5 95,9 96,2 
Abruzzo 92,5 94,3 93,8 92,4 94,9 
Molise 94,1 94,2 92,9 94,5 96,0 
Campania 95,5 96,1 96,5 95,6 97,2 
Puglia 96,2 94,8 94,2 93,9 96,3 
Basilicata 95,0 95,8 96,2 95,5 96,7 
Calabria 94,2 94,8 95,0 93,7 95,2 
Sicilia 94,8 94,7 95,9 95,3 96,5 
Sardegna 92,0 93,5 89,7 92,5 95,2 
Italy 96,8 96,8 97,0 97,1 97,3 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Observed and predicted values for sampling errors, IT-LFS 2011 
 
Deriving a and b parameters by this way over each domain is quite easy to evaluate for a given 

estimation dŶ , in the dth domain, the relative sampling error by applying the following formula: 

( ))ˆlog(exp)ˆ(ˆ YbaY dd +=ε       (2) 

The estimation of relative sampling errors makes it possible to define a confidence interval which, 
with a given probability α, is likely to include the actual valuedY . 

))ˆ(ˆ*ˆ*ˆ);ˆ(ˆ*ˆ*ˆ( 2/12/1 YYzYYYzY dddddd εε αα −− +−    (3) 

This method is still valid to estimate a generic population proportion Pd defined as: 

d

d
d N

Y
P

ˆ
ˆ =        (4) 

Where dN  refers to a known total of the population, used as a constraint in the calibration. 

If the estimate is a ratio where both numerator and denominator are estimates, an approximation is 
necessary :  

d
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ˆ
ˆ =        (5) 

An approximate evaluation of relative sample error for dR̂ , under the hypothesis of uncorrelation 

between dR̂ and dD̂ , can be defined as: 

)ˆ(ˆ)ˆ(ˆ)ˆ(ˆ 22
ddd DNR εεε −=      (6) 

 
3. The SAS prototype and first results 
 
The first prototype, based on SAS system, widely uses metadata to manage available information 
and makes the user able to browse it. Moreover SAS System is also the computing environment 
used to estimate variances in complex sample surveys conducted by Istat. 
“Application metadata” have been integrated with a set of “methodological metadata” that refers to 
the information needed to run variance estimation procedures: 

• stratification; 
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• sample design; 
• estimation domains; 
• non response adjustments; 
• calibration constraints; 

and their final output: 
• weights; 
• estimated parameters for regression models on relative sampling errors. 

The set of metadata also includes a general formalization for ratio estimates that allows to calculate 
separately numerator and denominator relative sampling errors. We also define a classification for 
ratios in order to distinguish between those having estimates (5) or known population total as 
denominator (4). This classification allows to apply the correct method for evaluating relative 
sample error, using the formula (6) or (2), respectively. 
 
 

 
 
Figure 2. Methodological Metadata Structure 
 
The method choice is not unique since the denominator can become an estimate even for a 
proportion of a total. An example is given by using Italian Labour Force Survey for the estimation 
of the activity rate by region and age classes, in this case the denominator consists of a known total 
considered in calibration procedure. However, if the user applies a filter, specifying the analysis for 
married individuals, the denominator becomes an estimate (the amount of married individuals) and 
the formula (6) is required instead of (2). A constant reference to the methodological metadata 
during processing allows even in this case the correct application of the methods described above. 
Estimates, once they have been calculated, are compared with known population totals and the 
correct formula to evaluate the relative sample error can be applied. 
Procedures have been written in SAS macro language and shared in a server through SAS/AF 
forms. 
These forms provide graphical interfaces for the users and allow them to define the parameters of 
the analysis, while each selection is automatically translated in SAS or SQL instructions. Many 
client applications can connect to the server and call these procedures. Working groups deemed 
them really useful in estimates validation phase, making estimation comparison easy and effective. 
 
 



 
 
Figure 3. Selection of parameters 
 
The time needed for data processing is quite short, since to carry out the estimations accessing 
microdata survey datasets is the most complex step of the algorithm. All subsequent steps, 
performed by SAS data step or SQL instructions, are extremely fast since performed by 
manipulating and transforming estimations and integrating them with metadata. Finally output is 
obtained using PROC tabulate and it reports estimations, their confidence interval and an evaluation 
of estimations accuracy. These outcomes are obtained applying the methods quoted above and 
synthesized through a graphical presentation. Procedures have been developed for Italian Labour 
Force Survey and Multipurpose Social Surveys to support researchers in evaluating accuracy and to 
improve interpretability of data. 
 
 



 
 
Figure 4. An example of the output of the procedure 
 
4. The development in a Business Intelligence framework 
 
The next goal should be to extend metadata information in a business intelligence framework in 
order to efficiently manage OLAP processing and to enable roll-up and drill-down operations. 
Business Intelligence (BI) refers to computer-based techniques used in spotting, digging-out, and 
analyzing business data to gain an advantage on market competitors. 
However, our attention is focused on BI technological framework (data warehouse, Olap, Data 
Mining, web application) with the objective of improving several dimensions of data quality. 
The improvement of accessibility to a common set of validated statistical microdata could be one, 
the easier to achieve, of our scopes. The capability of self-service reporting might significantly 
extend the audience of users with different degree of statistical literacy. 
They could navigate and produce analysis through self-reporting data by simply using a web 
browser, avoiding duplicated and/or inconsistent loading and transformation data procedures. 
Applying standard data warehouse tools can not offer sufficient guarantees of respecting specific 
dimensions of data quality. In particular they do not take into account any evaluation of estimates’ 
accuracy and outcomes coherence with sampling design and objectives. 
Integration of metadata concerning sample design and variance estimation outcomes can be useful 
to override these critical aspects of analyzing sample survey microdata using data warehouse tools. 
Developing in this technological framework the capabilities described above, that can take into 
account estimation accuracy, could improve this important aspect of sample survey data quality and 
their interpretability.  
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Abstract  
 
In the paper we use experiences from Statistical Office of the Republic of Slovenia to 
discuss some questions related to the problem of transition from the classical stove-pipe 
oriented production to the integrated processing systems. Although such orientation 
certainly presents the right direction for the future development, there are many pitfalls 
related to such transition. We describe our redirection from the plans for comprehensive, 
fully integrated system to a revised system with the certain degree of disintegration, 
which turned out to be more flexible and effective. The theoretical discussion is 
supplemented with the example from the area of data editing and imputation. 
 
 
Keywords: metadata driven systems; process metadata; generic applications 
 
 
1. Introduction   
 
Production of accurate and reliable statistical results has always been a demanding, time 
consuming and consequently quite expensive task. This is especially true in the case of 
official statistics where due to possible political and administrative consequences the 
reliability of the statistical outputs is of special importance. On the other hand, the official 
statistics usually targets the large populations and complex phenomena inside these 
populations, which makes the whole task even more demanding. With the constant 
pressure for budget cuts, the official statisticians are hence more and more facing the 
challenge of producing the statistics of high (or at least sufficient) quality with the 
significantly reduced resources.  
 
One fact that certainly acts in favor of these efforts is the enormously rapid development 
in the IT area, meaning the development of hardware equipment as well as the 
development of a wide range of software tools, which are certainly at disposal to a larger 
and larger extent. So there is no surprise that also in the area of the official statistics in 
recent years a lot of effort has been made in the direction of efficient use of all these new 
tools and applications in order to make the whole production cycle less burdensome and 
most particularly less expensive.  
 
It was somewhere at the beginning of the new millennium when the ideas of fully 
integrated systems for the statistical production became very popular (see Van der Veen 
2007 and Zeila 2004). The general idea of these systems was to build the comprehensive 



IT environment which would support the whole statistical production cycle and could, 
with a minimum number of adjustments, serve for the purposes of all (or at least of most) 
of the different statistical surveys. These systems would with one “big leap” enable 
transition from the classical stove-pipe oriented production to the modern generalized and 
standardized statistical production. Now after more than a decade of research and 
development in this direction it is perhaps time for critical reflection of these ideas and 
critical analyses of the concrete results that were achieved by following these ideas.  
 
This paper aims at giving a modest contribution on this topic by describing the concrete 
experiences from the Statistical Office of the Republic of Slovenia (hereinafter SURS). In 
the first part of the paper we briefly describe our attempts towards the fully integrated 
system and explain the main obstacles that we faced during these attempts. The central 
part of the paper is then dedicated to the description of the main features of the adjusted 
strategic approach which was defined by using the previous experiences and is based on a 
certain degree of disintegration of the whole system. We give some conclusions and 
directions for future developments in the last part of the paper. 
 
 
2. Integrated system at SURS 
 
In 2007 SURS started a large project which aimed at creating a complex, fully integrated 
system which would be able to cover the whole production cycle for a vast majority of 
statistical surveys. This integrated system was planned to develop and integrate the 
following main elements:  

� Renewed and enhanced Statistical Business Register, which should become a 
central point for storing and maintaining the exhaustive set of information for 
all the statistical units targeted by our statistical surveys.  

� A single and commonly used database of questionnaires, questions, concepts 
and variables.  

� New infrastructure for electronic data collection and enhanced system for 
respondent’s management.  

� Generic, metadata driven system for the whole cycle of the statistical data 
processing.  

 
The project lasted two years and required a lot of internal as well as some external 
(outsourced) resources. At the end of the project we had to admit that the results of the 
project only partially met the high expectations. There were some useful tools created 
during the projects, which could be (with some additional input) well used in the 
statistical production. However, the project certainly failed in the aim of creating a fully 
integrated system which would link together all the particular tools that were provided 
through the project. There were several reasons for only partial success of project 
implementation. The most obvious, as pointed out by the posterior analyses, were:  

� It was too complex a project with regards to the financial and human resources 
available for its implementation.  

� Two-year duration of the project was certainly too short a period to create such a 
complex system.  



� Some elements of our statistical infrastructure were not really in the state which 
would enable transition to such a complex system.  

 
Besides above stated reasons, in fact “the usual suspects” for the insufficient project 
success, there was also one consideration which was more and more frequently raised 
towards the end of the project: “Are such fully integrated systems really the best 
development orientation?” In other words: “Do such integrated systems really assure the 
modernization towards the flexible and (cost) effective statistical production system?” In 
the following sections of the paper we will try to discuss this issue in greater detail. On 
the basis of our experiences, we will show what were our main reasons to give up the 
idea of a fully integrated system and turn to some slightly different solutions, which still 
keep some important features of the “old system” (e.g. metadata driven approach), but 
certainly use a certain degree of disintegration which will in our opinion certainly 
contribute to larger flexibility and generality of the system.  
 
To make the discussion “reasonably complex”, we mostly focus on that part of statistical 
production in which the data are transformed at the micro level. Usually this part of the 
process is known as “editing & imputation” procedures (hereinafter E&I procedures). We 
will use this part of the statistical process to show the main differences in both 
approaches. 
 
 
3. Towards a disintegrated system 
 
3.1 The case of E&I procedures 
 
The E&I procedures were in the integrated system planned to be based on the following 
assumptions:  

� There is a single, unique database of microdata for all the statistical surveys which 
would be included in the system. The only way to make such a database feasible 
is to organize the data according to the “normalized data model”, meaning that 
each value of a particular variable for a particular unit is written in a separate 
record and the name of the variable is just one of the attributes of the record.  

� Each variable (basic or derived) which is supposed to be used in the E&I 
procedures should be previously registered in the register of questionnaires, 
questions, concepts and variables, which is again a single and unique database for 
all the statistical surveys in the system.  

� The reference metadata for the survey should be available and accessible through 
the usage of the single, unique metadata database (metadata repository). Such a 
repository in fact operationally already existed before the beginning of the project.  

� Processing metadata (rules for execution of the E&I procedures) are recorded in a 
single, unique database of the processing metadata.  

� There is a generic (SAS) program, which is able to carry out the actual E&I 
procedures on the basis of the information available in the above listed databases.  

 
The architecture of the planned system is presented in the following figure: 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Schematic presentation of integrated system for E&I procedures 
 
As can be seen from the description and enclosed figure, the main problem of the system 
was that it required several large and rather complex systems to be successfully 
integrated, to then communicate smoothly and to provide the user friendly way to manage 
and to navigate it. In fact the main conclusion that was drawn out of the analyses of the 
project results was that the operability of the whole system depends on too many sub-
systems and that for the more effective further development we certainly need to 
disintegrate it into smaller components.  
 
Therefore, at that point we decided to build up a new strategy for modernization and 
standardization of our production system. We decided that we will break the integration 
system into a set of smaller generic solutions, which should be designed in a way that 
they enable easy and flexible linking of inputs and outputs of the individual components 
to the whole statistical process. These components, which we also call the building 
blocks, should provide the generic software solution for the certain part of the statistical 
chain and should be designed in a way that they can act much more independently than 
the procedures in the (previously planned) integrated system. The main features of these 
building blocks could be summarized as follows: 

� They are designed on the basis of harmonized, transparent and widely accepted 
methodological principles, which have been determined before the actual creation 
of the particular building block.  

� They should be opened to such extent that it would no longer be required that all 
the inputs come from one unique, comprehensive database. In other words: these 
building blocks can be plugged to different databases in different environments 
(e.g. ORACLE, SAS) as long as the databases follow some basic rules for the 
organization of the data.  

� They are still designed as fully metadata driven systems, meaning that 
information which determines the parameters for the execution of the processing 
for the concrete survey and concrete reference period should be provided outside 
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the core computer code. No information referring to concrete survey execution 
should be incorporated into the general program code but should be provided by 
the subject-matter personnel through the special metadata tables.  

� The process metadata can also be provided in different databases in different 
environments, but each of these (metadata) databases must follow the strict rules 
of its structure (tables and variables).  

 
The main object that presents the input in the building block is a table, where all the 
microdata, which aimed at being processed, are captured. In the current execution of the 
system, this table has to be a SAS (work) table. Also the output of the building block is a 
SAS table. Therefore, we always need a small ad-hoc program which prepares such a 
table and an ad-hoc program which transfers the output table back to the database. A 
simplified schematic presentation of functioning of such a building block is presented in 
the following figure: 
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Figure 2: Schematic presentation of functioning of the building block 
 
One building block usually covers only a small part of the statistical production chain. 
Therefore, the inputs and outputs of these components must in the final stage be linked 
together. A simplified schematic presentation of the whole process is presented in the 
following figure: 
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Figure 3: Linking inputs and outputs of the building blocks 
 
To deal with the E&I procedures, three building blocks were developed, each of them 
responsible for the following procedure: Logical controls; Deterministic corrections of 
erroneous data1; Data imputation for missing and inconsistent data. These building blocks 
can then be linked together in the E&I process by using arbitrary sequence of the basic 
sub-processes. The typical E&I process can hence begin with the deterministic 
corrections, followed by imputations and then by one more (final) correction. Each 
version of the data is controlled by using the set of pre-defined logical controls. The 
process for this particular case is presented in the following figure: 
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Figure 4: Chaining building blocks in E&I process 
 
The Corrections and Imputation components always produce a new version of data, while 
the Logical control component only produces output as the summary of failed controls. 
Although this component doesn’t produce new microdata, its output represents important 

                                                 
1 With the deterministic corrections we here refer to the simple systematic corrections, expressible in ”IF-
THEN” form (e.g. IF V1<0 then V1=0), as well as individual corrections which are performed at the level 
of a particular variable for a particular unit. 



input in the subsequent component. Namely, most of the process metadata for corrections 
and imputations should be created on the basis of the results of the logical controls. 
 
3.2 Process metadata 
 
The whole metadata driven system for the building blocks was already thoroughly 
described in some previous papers (see Seljak 2009; Seljak and Blazic 2011), so we here 
provide only a short illustrative example. As mentioned, the whole system is to a very 
large extent based on the process metadata. To illustrate the structure and syntax of these 
metadata, we present a simple example of process metadata for one of the imputation 
rules. Suppose that we want to impute the missing values for the variable Occupation 
(OCC) in the table called TABLE1. We decide that we will use the hot-deck method in 
two steps. In the first step we will search for the donor inside the same municipality 
(MUN). Since we will require a minimum of 10 donors in the imputation cell, some 
missing values will probably not be imputed in the first step. Therefore, we will use 
another step in the process, where we will search for the donor inside the region (REG) 
and decrease the minimum number of donors to 5. The matching variable for the hot-
deck method will in both cases be age of the person (AGE). The basic metadata for this 
procedure are given in the following metadata table: 
 
Table 1: Metadata for imputation procedures 
Table Variable Cond_imput Cond_donor Step Method 
TABLE1 OCC OCC Is Null Not (OCC Is Null) 1 HD1 
TABLE1 OCC OCC Is Null Not (OCC Is Null) 2 HD2 
 
Short description of the fields: 
 
Table:   Name of the input SAS table which is to be processed 
Variable:  Name of the variable which is to be imputed 
Cond_imput: Condition which determines for which units the imputation procedure will 

be performed 
Cond_donor: Condition which determines which units can serve as the suitable donors 
Step: Step of the imputation process 
Method: Version of the hot-deck method 
 
The method field needs some further explanations. In fact, users can create an arbitrary 
number of their own versions of the hot-deck method. Since each newly created version 
of the method can be used to impute several variables, the rules for these versions are 
given in a separate table:  
 
Table 2: Metadata for imputation method 
Method Strata Match_Var Min_donor 
HD1 MUN AGE 10 
HD2 REG AGE 5 
 
 
Short description of the fields: 



 
Method: Version of the hot-deck method 
Strata: Stratification variables that determine the definition of imputation cells. If 

several variables are included, they should be separated by “,” 
Match_var: Matching variable 
Min_donor: Minimum number of donors inside the imputation cell  
 
 
4. Reintegration of the system 
 
Using the highly abstractive description of the disintegrated system, we can claim that 
there are only three basic objects that this system is based on: tables, variables and rules. 
Such a highly generalized and open system is surely highly flexible and provides a 
suitable tool for building up a statistical process. However, there are also some quite 
obvious shortcomings of such an open system. These shortcomings are mostly connected 
to the process metadata management procedures. As we already indicated in the previous 
sections, the database of process metadata has a strictly determined structure, but it can 
for each particular survey be placed in different databases and even in different 
environments (e.g. ORACLE, MS Access, SAS). In fact for most of the so far included 
surveys the process metadata were stored inside the MS Access databases. The reason for 
this was mainly the fact that subject-matter specialists, who are predominantly in charge 
of managing these metadata, prefer this environment due to its simplicity and user 
friendliness.  
 
The problem with such a scattered system of process metadata is that it is impossible to 
create an effective general application for managing and controlling the inserted 
metadata. As it was pointed out in the analyses after the first period of the usage of the 
disintegrated system, the most problematic part was the significant number of errors in 
the process metadata. Since the fields for inserting rules are at the moment entirely open 
fields, most of these errors were errors in the syntax of the rules (e.g. bracket errors) or 
errors in consistency between rules and variables. All the building blocks in fact 
incorporate a certain number of checks which control consistency of the provided 
metadata (e.g. check if the variable to be imputed is in the input data table), but all these 
checks can only be performed subsequently, during the execution of the process.  
 
In order to enable the creation of a better system for process metadata management and 
navigation, we decided to perform a certain degree of the re-integration of the whole 
system. The aim of this re-integration is certainly not to build again the fully integrated 
system as initially designed, but to re-integrate only to such a level which would on one 
hand enable creation of the general management tool but would on the other hand keep 
the high flexibility of the system.  The following re-integration actions were decided to 
be carried out:  

� To build one single, unique database of process metadata. This database would be 
created in ORACLE and managed by the .NET application, which would enable 
user friendly management of the process metadata.  



� To connect the system with the metadata repository, where the data on surveys 
and survey instances are stored.  

� To enable the management application access to data on variables in incoming 
tables. These data can enter the application through two different channels: from 
the register of variables, if the survey has registered its variables there, or from 
some other location where the data tables structures are stored.  

 
A simplified schematic presentation of the planned re-integrated system is presented in 
the following figure: 
 
 

c 

… 

Different 
microdata 
databases 

General SAS 
program 

 

 

c 

c 

Ad-hoc  
program 

Database of 
processing metadata 

Metadata 
repository 

Ad-hoc  
program 

Application for management 

c 

 

Data on 
tables and 
variables 

 
Figure 5: Schematic presentation of the reintegrated system 
 

With this system we add two additional basic objects to the abstract description model: 
surveys and survey instances. Information on these objects is now exclusively available 
through the metadata repository, meaning that the basic condition to insert a certain 
survey instance into the system is that it is already registered in the metadata repository. 
On the other hand, we still kept the microdata in different databases. As we already 
described, the only condition for these databases is that they follow some basic general 
rules.     
 
The partly re-integrated system is at the moment in the development phase and currently 
represents one of the most important development challenges for SURS. We plan to put 
the new system into production in 2014. 
 
5. Conclusions 
 
In the paper we gave an overview of the recent developments at SURS in the field of 
generalization and modernization of the statistical process. As in most of the NSIs, the 
main goal of these developments is to replace the classical stove-pipe oriented production 



with some more effective production system which would be based on generic software 
solutions. We used our own experiences to critically discuss the idea of a fully integrated 
system and showed how in our case this idea was replaced with a slightly different 
approach, which still retains many important features of the initially planned system but 
is built on a certain degree of disintegration. The following main conclusions could be 
drawn from our experiences:  

� The “big-bang approach” of moving directly from the classical stove-pipe system 
to the fully integrated system turned out not to be the best approach.  

� The development of smaller generic solutions, called the building blocks, which 
could be easily plugged into the production system and therefore enable the 
successive transition to more generic solutions turned out to be a more effective 
approach.  

� After creation of a certain number of building blocks and their successful testing 
in the regular production, the whole system should be re-integrated to a certain 
level again. 

� The step-by-step approach is preferable to the “big-bang leap” plan.  It is 
important that after each stage of the development the outcomes are critically and 
thoroughly analysed. The following action plan should be setup on the basis of 
the results of these analyses. 
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Abstract  
 

This study evaluates the linkage of the ALWA survey with administrative labor market 

data from the German Federal Employment Agency. Selectivity in linkage success is 

examined based on survey and paradata. The results are informative for data users and 

practitioners of record linkage. Probabilistic record linkage substantially increases the 

number of observations without introducing additional selectivity to the linked sample 

compared to the result of deterministic matching. Manual matching further increases the 

number of observations at the cost of more pronounced selectivity of the resulting 

sample. Selectivity of the successfully linked data is mainly driven by the age, the 

immigrant background and the employment status of respondents. 
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1. Introduction 

 

For various research questions and methods of inference in the social sciences, rich data 

sets are required. Since survey and administrative data sets have their respective 

advantages, a combination of both sources enhances the potential for research. 

Furthermore, record linkage has several advantages from a survey methodological 

perspective. By omitting aspects from a survey interview that can be supplemented from 

other data sources, the length of the questionnaire can be reduced in advance. This 

reduces survey costs and the burden for respondents, which in turn might make interview 

terminations or panel attrition less likely. Record linkage may also lead to improved data 

quality, for instance by validation of survey data (e.g., Jäckle et al. 2004) or analyses of 

measurement error or nonresponse bias (e.g., Sakshaug and Kreuter 2012). 

These potentials can only be realized fully if linkage rates are sufficiently high and if we 

understand and are able to control for selectivity that may arise at different stages of the 

record linkage process. First, the consent of respondents to the linkage might be refused. 

Second, the success of the actual linkage depends on the available information to identify 

a respondent in administrative records and on the quality of these identifiers. 
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The goals of the study thus are, first, to demonstrate the research potential for data users 

by answering the following questions: What is the number of observations in the linked 

data set available for substantive research on each step of the linkage process? Is there 

selectivity in the linked data, and if so, in which way is the sample selective? On which 

stages of the linkage process does selectivity arise? Second, advice for practitioners of 

record linkage is provided by showing what may be gained from probabilistic and manual 

linkage compared to mere deterministic record linkage in terms of numbers of 

observations, and if and how this additional effort influences the selectivity of the linked 

sample. 

Apart from answering these questions, the study contributes to the literature by being the 

first German study to examine record linkage selectivity and success based on personal 

and address data of respondents instead of based on previously known and unique 

identifiers like Social Security Numbers. 

 

 

2. The process of record linkage 
 

The two data sets linked in this project are the German ALWA survey (see Kleinert et al. 

2011) and the Integrated Employment Biographies (IEB) (see Jacobebbinghaus and Seth 

2007) of the Institute for Employment Research (IAB). The combined data, termed 

ALWA-ADIAB (see Antoni and Seth 2012), are provided by the Research Data Centre 

(FDZ) of the German Federal Employment Agency at the IAB. As the population of 

interest in the ALWA survey consisted of individuals living in Germany regardless of 

their labor market status, the sample was drawn from registers of the residents’ 

registration offices of 250 German municipalities. The resulting sample of addresses did 

not contain a unique identifier related to the records of the Federal Employment Agency. 

Record linkage is therefore not performed by means of an unique identifier such as the 

Social Security Number but on the basis of the ambiguous and error-prone identifiers 

name, sex, date of birth and address. 

The addresses of consenting respondents were provided by the survey institute, whereas 

addresses from administrative records were provided by the IAB department IT Services 

and Information Management. Data retrieval considered all people who had been 

registered in any data source of the Federal Employment Agency at any time during the 

year 2007, the year in which the ALWA sample was drawn and the field phase started. 

Given the considerable amount of data that resulted from this procedure, the retrieval of 

administrative records was restricted beforehand to the birth cohorts of the survey 

population. 

Before the records from both data sources were actually compared, extensive 

preprocessing was conducted to clean up typographical errors, to minimize the amount of 

differences in the spelling of names, places and street names as well as to fill in missing 

information in postal codes or place names. These steps of standardization were done 

consistently for both the administrative and survey address records. 

The actual comparison of address records started with deterministic matches on the 

complete match key, i.e. by an exact character-by-character comparison of all identifier 

variables mentioned above. To increase the amount of successful matches, probabilistic 

record linkage was used in an additional step (see Herzog et al. 2007). It computes the 



degree of similarity between two records from different data sources over all identifiers. 

The comparison with the Jaro-Winkler string comparator metric and blocking on the 

postal code was done by using the software Merge ToolBox (MTB, version 0.7). MTB 

and its documentation can be retrieved from the German Record Linkage Center (see 

http://soz-159.uni-duisburg.de/linkage). 

Probabilistic matching parameters (m- and u-probabilities) have been chosen according to 

prior experience with IAB data. Based on the decision rule proposed by Fellegi and 

Sunter (1969) pairs of records are classified into links, potential links and non-links after 

comparison. Pairs that are classified as links are directly used for the retrieval of 

administrative data. Those that are classified as possible links are subsequently coded as 

either links or non-links by hand. See Antoni (2013) for the decision rules that were 

applied during the stage of manual matching. 

During each of these steps, some observations are lost for the final research data due to 

lack of consent or of success in record linkage. The remaining numbers of observations 

on each stage is documented in Table 1. Consent for record linkage was given by 9531 

(92%) of the respondents. For 53% of the consenters, deterministic matches on the 

complete match key could be found. Together with matches that could successfully be 

identified by probabilistic record linkage, this figure reaches 83%. When considering 

manual matches as well, 86% of all consenters and 79% of all respondents are included in 

the linked data. 

 

Other than Table 1, all tables and analyses below do not include the 227 cases of foreign 

language interviews, leading to a total of 10177 observations. If interviews could not be 

conducted in German, shorter Turkish and Russian interviews were done instead. These 

questionnaires also included the question of consent, but they lack several aspects that are 

important for the following analyses. 

 

 

3. Empirical analyses 
 

To get a first impression of selectivity of matching success rates in ALWA, a descriptive 

analysis is in order. Descriptive statistics for the whole survey population on all 

explanatory variables considered later on are given in Table 2.
1
 While multivariate 

analyses allow ceteris-paribus statements regarding the influence of single variables, the 

following descriptive results are informative in terms of how certain groups from the 

overall survey population are represented in the data set on each step. 

                                                 
1 All tables hereafter were produced using estout.ado (see Jann 2005: 2007). 
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Table 3 compares those rates over different subgroups of respondents. The p-values 

resulting from Pearson χ
2
-tests indicate significant differences between groups. Consent 

rates are computed based on all German language interviews, whereas match rates are 

computed based on consenting respondents only. That way any selectivity that may arise 

from the second stage onward can be distinguished more clearly from an eventual 

consent bias. 



 

As the process of linkage itself can be subdivided into the different stages of 

deterministic, probabilistic and manual record linkage, their resulting matches may yield 

different selectivity. The respective results for these stages are depicted in separate 



columns to discern whether subsequent steps of the linkage process introduce additional 

selectivity compared to the previous one or vice versa. The second column shows 

deterministic match rates by subgroup; the third column shows rates of successful 

matches by either deterministic or probabilistic record linkage; the final column shows all 

matches by adding the manual matches as well. 

Overall, 92% of the German language interview respondents gave consent. Among those, 

53% could be matched to register address records by deterministic record linkage and 

80% either by deterministic or probabilistic record linkage. This figure increases to 86% 

when including the manual matches as well. These values slightly differ from those in 

Table 1 because at this stage only those cases are included that are part of the estimation 

sample used in the multivariate analyses. 

The results for subgroups show that the youngest respondents and those born in East 

Germany are significantly over-represented on all stages of the matching process. The 

gender structure is similar to that of the overall survey population up to the step of 

probabilistic linkage. Manual matches seem to have added more matches for female 

respondents relative to male respondents. Although Germans and foreigners are about 

equally represented among the deterministic matches, foreigners show significantly 

higher probabilistic linkage rates than Germans, with 85% compared to 80%. This is even 

more pronounced after adding the manual matches. Respondents with a native language 

other than German are matched with significantly higher rates than German native 

speakers. The relative scarcity of foreign names in the address data seems to have lead to 

a higher manual linkage success for foreigners compared to that for native Germans. 

When considering the labor market status of the respondent the picture is even less clear. 

Whereas self-employed are weakly represented among all linked respondents (73%), 

unemployed consistently are the most successfully matched respondents on any stage of 

linkage (68%, 87% and 94%). This implies that the selective processes at different stages 

counteract each other for some groups of respondents while they amplify each other for 

other groups. 

The descriptive analyses of possible selectivity of consent and linkage success are now 

complemented by multivariate analyses. As the research questions aim at the 

determinants of successful record linkage, separate probit regressions with different 

dichotomous dependent variables are estimated. Since respondent consent is a 

prerequisite for record linkage, all models will be based on the sample of consenters 

rather than the whole survey population. 

To examine differences in matching success between the subsequent steps of linkage, 

Model 1 in Table 4 uses an indicator for a deterministic match as the dependent variable, 

and Model 2 uses an indicator for a successful match by either deterministic or 

probabilistic record linkage. Finally, in Model 3 the dependent variable denotes 

successful matches by either of the methods, i.e. it also includes manual matches. 

Linkage success is negatively related to the age of the respondent across all stages of 

linkage. This might be due to more old-fashioned names among older respondents that 

make errors or missing information in either of the address sources more likely. 

However, this should be controlled for by variables directly considering the rareness of a 

respondent’s name in the survey address data. Another explanation might be that 

respondents in the reference group of the 18 to 24 year olds are predominantly found in 

dependent employment, in dual vocational training or in registered unemployment while 



older respondents could be more likely to have moved on to being self-employed or civil 

servants. In that case, the influence of the respondent’s age could be confounded by that 

of her current labor market status. 

 

 
 



A counterintuitive picture also emerges when considering the nationality and native 

language of the respondent. While there is no significant relationship between the 

nationality and deterministic or probabilistic linkage success, respondents with a 

nationality other than German are much more likely to be linked after including the 

manual matches in Model 3. Manual review of possible matches might have increased the 

coverage of people with names that are rarely used in Germany. The conventionality of 

the respondent’s name might also be related to her native language. Consequently, 

German native speakers are much less likely to be matched deterministically than 

respondents with another language background. The general result is that respondents 

with a migration background are more likely to be matched successfully across different 

stages of linkage. These are good news given that they are under-represented among the 

ALWA participants compared to the general population. 

Family related variables are also relevant for linkage success though not consistently 

across the different stages. Having a partner in one’s household is negatively related to 

linkage in Models 1 and 2. This might indicate that respondents who are in partnerships 

are more likely to have a partner that is the sole bread-winner in the household. In these 

cases the respondent would be more likely to be out of the labor force and thus not 

registered in the address data of the Federal Employment Agency. An alternative 

explanation comes to mind when considering the fact that linkage success is no longer 

related to the existence of a partner in the household in Model 3. In some cases the 

manual comparison of potential matches obviously revealed that respondents had 

changed their last names due to marriage and coded these cases as manual matches based 

on the remaining identifiers. This shows that the additional step of manual matching is 

worthwhile particularly when the cultural knowledge of the reviewers involved allows 

them to consider reasons for deviations between address pairs that could not be 

considered by other linkage techniques. The existence of children in the household is 

positively related to linkage success, but only in Models 2 and 3. A possible explanation 

is that children increase household expenditures, which increases the necessity of own 

income. This applies all the more for lone parent households. This increased need of 

income makes dependent employment more likely. 

While there is no clear relationship between linkage success and the educational level of 

the respondent in Models 1 and 2, this changes in Model 3. When including manual 

matches, respondents with a vocational training degree are more likely to be matched in 

either of the stages than respondents without any schooling or training degree in the 

reference group. As with other variable groups before, this might reflect a higher 

likelihood of the respective group of being in dependent employment rather than being 

self-employed or in full-time education. 

As could be expected, respondents that were in labor market states that are registered in 

the data of the Federal Employment Agency in 2007, i.e. unemployed or those in 

dependent employment, are linked most successfully across the stages of linkage. The 

highest income class shows the lowest likelihood of being matched, whereas all other 

groups show no systematic differences from the reference group. The most likely 

explanation is that self-employed respon- dents with above-average income misreported 

their actual employment status as dependent employment or that they have been 

classified incorrectly during data editing or preparation. Apart from the stage of 



deterministic matching, respondents that consented to record linkage but refused to 

answer the question on personal net income are not less likely to by matched than others. 

Dummy variables on the rareness of the respondent’s name in the survey address data are 

highly significant in Models 1 and 2 but not in Model 3. Respondents with unique first 

names or for whom both parts of their names are unique are less likely to be matched 

deterministically or probabilistically. A unique last name alone does not significantly 

influence linkage success though that might be due to the low number of observations in 

this cell. In Model 3, none of these dummy variables is significant individually. Manual 

review of address pairs seems to be better able to deal with very rare or misspelled names 

than the steps of deterministic and probabilistic matching. 

When comparing the determinants of success across the different stages of linkage, the 

picture is ambivalent. The additional step of probabilistic record linkage did not 

counterbalance the influence of most of the control variables, but characteristics related 

to the migration background do no longer significantly influence linkage success. The 

latter finding is corroborated by a Wald test, which shows that foreign nationality and a 

German native language are not jointly significant in Model 2 (χ
2
(2): 1.38, p: 0.503). The 

important message at this point is that probabilistic record linkage at least did not 

introduce additional selectivity for the linked respondents compared to the result of the 

deterministic linkage. 

Adding the manual matches leads to considerable changes in the relationship between 

some respondent characteristics and the likelihood of finding someone in the register 

address data. This is particularly remarkable as these manual matches only amount to 324 

additional cases, which is a rather low proportion of the total number of 8243 successful 

matches. Formal tests show that the relationships between certain respondent 

characteristics and linkage success indeed changes more strongly and more often from 

the probabilistic stage to the manual stage than from the deterministic stage to the 

probabilistic stage. This is measured by a comparison of coefficients across Models 1 to 3 

based on seemingly unrelated estimation (see Zellner 1962) and subsequent Wald tests on 

equality of related coefficients.
2
 

As the pairwise comparison of all related coefficients between the respective models 

involves a large number of distinct hypothesis tests, the level of acceptable alpha-error 

has to be corrected. This problem of multiple testing is accounted for by correcting the p-

values using the method of Bonferroni (see Korn and Graubard 1990). Detailed analysis 

of the single p-values reveals that not all of the changes in coefficients that were 

accompanied by changes of significance levels are indeed statistically significant. The 

changes in coefficients regarding the respondent’s nationality, her family related 

characteristics and her refusal of income information thus are not practically relevant. 

 

 

4. Summary and conclusions 
 

Linked survey and administrative data sets provide additional research opportunities by 

unifying their respective wealth of variables. In the case of the ALWA survey, this was 

achieved with a comparatively low loss of observations over the different stages of the 

                                                 
2 The results are not presented in this paper. They are available from the author upon request. 



process. The remaining number of observations should be sufficient for a multitude of 

research questions that are usually examined using survey data. This study demonstrates 

potential sources of bias related to linkage success, thereby providing potential data users 

with the means to assess and counteract any influence on their own empirical work. The 

main drivers of selectivity in terms of linkage rates are the respondents’ age and 

employment status. 

The results show that the step of probabilistic record linkage after the standardization of 

addresses and the deterministic record linkage increased the number of matches between 

survey and administrative records substantively. Linkage rates could be increased by 30 

percentage points; nearly 3000 respondents could be added to the linked data set. 

Descriptive and multivariate analyses demonstrate that these additional observations 

overall did not increase selectivity of the resulting sample. Thus, the effort invested in the 

additional step of probabilistic record linkage has been worthwhile as it further increased 

the research potential of the linked data set. 

For the step of manual record linkage the results are somewhat less promising. Additional 

324 matches could be found through a rather time-consuming process of manual 

comparisons of promising record pairs previously identified by the probabilistic step of 

record linkage. The fact that this step increases the linkage rate among the consenters 

only by around 3 percentage points is not surprising as the rates achieved by deterministic 

and probabilistic linkage have already been very high and only very few record pairs 

have been found as being promising enough to enter the manual process. The influence 

that these few additional links had on the structure of the combined data in terms of 

socioeconomic characteristics is somewhat more worrisome, given that the influence of 

several respondent characteristics significantly changed after the classification of these 

cases as matches. Most notably, the negative relationship with the respondent’s age got 

more pronounced whereas a positive relationship arose with the educational level of the 

respondent. Reasons of these changes will be subject to future research. 
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Abstract  
 
Over the past years, the use of administrative data in both official statistics and academic 
research has grown. This development has made the problem of assessing the quality of 
administrative sources for statistical use increasingly important. Two of the main aspects 
of this are validity and reliability of measurement. Although this problem is often 
mentioned in qualitative terms, so far, not much research has been done on methods that 
assess the validity or reliability of administrative variables in a quantitative way. The 
objective of this paper is to describe a quantitative method for estimating validity and to 
present results obtained with this method in a simulation study. 
 
 
Keywords: administrative data; measurement model; simulation study. 
 
 
1. Introduction 

 
Over the past years the use of administrative data has grown, both in official statistics and 
academic research. As a result, it has become increasingly important to assess and 
compare the quality of administrative sources for statistical use (Bakker and Daas 2012). 
Two important aspects of this are validity (absence of bias) and reliability of 
measurement. In general, the concept that is measured for administrative purposes may 
differ to some extent from the concept that is needed for statistical purposes. If these two 
concepts are substantially different, one should expect the administrative variable to have 
a low validity for statistical use. Although this problem has been recognised in recent 
years, so far, not much research has been done on methodology for assessing the validity 
or reliability of administrative variables in a quantitative way. 
An approach that is sometimes used in practice proceeds by linking and comparing 
administrative data to data from a reference source (e.g. a survey) that are – implicitly or 
explicitly – assumed to be error-free. Obviously, this assumption greatly simplifies 
matters: it implies that a value in the administrative data set is measured correctly if, and 
only if, it matches the corresponding value in the reference data set. It seems doubtful, 
however, that any data set obtained under real-world conditions can be assumed to be 
completely free of measurement error. Therefore, this approach may be used as a first 
approximation at best, provided that the validity of the reference data is high. In the same 
line is the more common reverse approach of using an administrative source for reference 
data to assess the quality of survey data. Without the assumption of error-free reference 



data, the above set-up can be used to assess differences in measurement between sources 
rather than errors of measurement in one source, which may be useful in its own right 
(Groen 2012). In the remainder of this paper, however, we are interested in obtaining 
direct estimates of the validity of administrative variables when error-free reference data 
are not available. 
More precisely, we consider the situation that a second data source is available but that 
the validity of these data is not high enough to warrant their use as error-free reference 
data (not even as a first approximation). Bakker (2012) suggested that the classical test 
theory can be applied in this context to estimate the validity of administrative variables as 
well as survey variables. This requires linked data from at least two sources (surveys 
and/or registers) that are supposed to measure the same concepts. The validity of the 
observed variables for measuring these concepts is estimated through a linear structural 
equation model with a measurement component (Bollen 1989; Saris and Andrews 1991). 
In this way, the amount of measurement error is estimated for each variable in each 
linked data source. A more detailed description is given in Section 2 below. 
This method could be used in practice when different potential (administrative) sources 
are available for measuring a particular statistical concept. This situation is encountered, 
for instance, in the production of a register-based census (see e.g. Berka et al. 2012). By 
estimating and comparing the validity of the different sources, one obtains useful 
information for choosing the best available source. Obviously, other quality criteria 
should enter into this decision as well. Another potential application is to use the 
estimated validities of different measures to combine them into one new measure with a 
higher validity. 
Structural equation modeling is a well-established technique for assessing the validity 
and reliability of survey data, in particular in the context of questionnaire design 
(Andrews 1984; Saris and Gallhofer 2007). However, the present application to 
administrative data is somewhat different. In particular, applications in the context of 
questionnaire design typically include at least three versions of each survey item (being 
different with respect to the wording of the question, the response scale, etc.), which 
means that each concept in the model is measured by three or more indicators. In the 
application considered here, by contrast, each concept is measured at most twice: once in 
a register and once in a survey. 
It is therefore important to gain insight into the usefulness and limitations of this method 
when applied to administrative data. To this end, we performed a simulation study 
(Scholtus and Bakker 2013). The results of this simulation study are summarised in 
Section 3 below. A conclusion follows in Section 4. 
 
 
2. Estimating Validity through Structural Equation Modeling 
 
The classical test theory (e.g. Novick 1966) distinguishes two aspects of measurement 
quality: reliability and validity. According to McCall (2001, p. 308), reliability “refers to 
whether the measurement procedures assign the same value to a characteristic each time 
it is measured under essentially the same circumstances.” Reliability is associated with 
random measurement error. Note that a perfectly reliable measure may still be biased. 
Validity, on the other hand, “refers to the extent to which the measurement procedures 



assign values that accurately reflect the conceptual variable being measured” (McCall 
2001, p. 309). Validity is associated with systematic measurement error, i.e. bias. In the 
present paper we will focus on estimating validity. 
Consider the following simple measurement model for a variable y  that is supposed to 
measure a conceptual variable η : 
 ελη +=y ,                  (1) 
where it is assumed that ε , the measurement error, has mean 0 and is uncorrelated with 
the concept η . In addition, we assume that both y  and η  are standardised to have zero 
mean and unit variance. We take the absolute value of the factor loading ||λ  as a 

measure of the validity of y  for measuring the concept η . In regression terms, 2λ  
represents the fraction of the total variance in y  that is explained by η . Clearly, a higher 
fraction of explained variance corresponds to a more valid measurement process. The 
values 1±=λ  and 0=λ  occur in the special cases of perfect measurement and absence 
of correlation between y  and η , respectively. 
Obviously, a single instance of model (1) cannot be estimated, as we do not have access 
to the scores of the latent variable η . Estimation may become possible if we 
simultaneously consider several variables that measure several concepts, as well as the 
causal relations between these concepts. It is convenient to formulate this in terms of a 
linear structural equation model (SEM) with a measurement component (Saris and 
Andrews 1991). 
Mathematically, an SEM consists of the following systems of equations: 
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 kkiykky εηλ += )( ,   pk ,,1K= ,           (3a) 

 lljxllx δξλ += )( ,   ql ,,1K= .           (3b) 

System (2) describes the causal relations between the latent variables in the model, being 
endogenous concepts mηη ,,1 K  and exogenous concepts nξξ ,,1 K . The coefficients ii ′β  

and ijγ  represent the direct effects from i′η  to iη  and from jξ  to iη , respectively. There 

is no direct effect from iη  to itself, so 0=iiβ . In addition, the iζ  are disturbance terms 

that are assumed to be uncorrelated with nξξ ,,1 K . 

The remaining equations (3) describe the relations between the latent variables and the 
observed variables that measure them. The observed variables corresponding to the 
endogenous and exogenous concepts are denoted by pyy ,,1 K  and qxx ,,1 K , respectively. 

For our present purpose, we can assume that each observed variable ky  (resp. lx ) is a 

direct measure of a single concept )(kiη  (resp. )(ljξ ). As is clear from (3), the 

measurement model then consists of qp +  instances of the basic model (1). As before 

with model (1), we assume that the iη , jξ , ky , and lx  are standardised. 

Formulating an SEM requires that a user specifies, in addition to equations (2) and (3), a 
pattern for the covariance matrices of the exogenous concepts jξ , the disturbances iζ , 

and the measurement errors kε  and lδ . This means that the user indicates, for each of 



these matrices, which elements are to be fixed to a constant (often 0) and which are to be 
estimated. 
For a given data set, the model parameters of an SEM can be estimated from the observed 
joint covariance or correlation matrix of pyy ,,1 K  and qxx ,,1 K  (Bollen 1989; Jöreskog 

and Sörbom 1996). For the analysis of an SEM, it is important that all parameters of the 
model are identified. Bollen (1989) discusses various criteria for establishing model 
identification as well as measures of model fit. A common test of overall model fit uses a 
statistic 2X  that is (under an assumption of multivariate normal data) asymptotically chi-
square distributed for correct models. 
For our present application to estimating validity, we assume that there are (at least) two 
linked data sets available that are supposed to measure the same concepts. The relations 
between the observed variables and the concepts that they are supposed to measure, as 
well as the relations between these concepts are modeled as an SEM. We also assume 
that previous substantive research provides plausible intervals for the structural 
parameters in the model, i.e. the direct effects ii ′β  and ijγ  between the latent concepts. 

Having estimated the model parameters and assuming that the model fits the data 
sufficiently to not be rejected, we may now assess the validity of the observed variables 
for measuring the associated concepts as follows (Bakker 2012). First, the estimated 
structural effects ii ′β  and ijγ  are inspected and compared with their expected values from 

previous research. If the estimated effects are implausible, we have to conclude that at 
least some of the latent variables in the model do not correspond with the theoretical 
concepts that they are supposed to represent and the method fails. On the other hand, if 
the estimated effects are plausible, then we are confident that the latent variables in the 
model represent the posited theoretical concepts. In analogy with the basic model (1), we 
then take || ykλ  (resp. || xlλ ) as a measure of the validity of ky  (resp. lx ) for measuring 

the concept )(kiη  (resp. )(ljξ ). 

To illustrate the above, Figure 1 shows an example of an SEM in the form of a path 
diagram. In this diagram, ovals represent latent variables and rectangles represent 
variables that are observed. This particular example, which comes from Bakker (2012), 
contains five concepts: age, gender, educational attainment, occupational level, and 
hourly wages after taxes (on a logarithmic scale). The structural relations between these 
concepts are known collectively as an earnings function model. This model has been 
well-studied in the sociological literature (cf. Bakker 2012 and the references therein). 
The author successfully applied the model of Figure 1 to estimate the validity of variables 
in two data sets: a survey (the OSA supply panel 2004) and a register (the Social 
Statistical Database at Statistics Netherlands; SSD). Each concept was measured in both 
sources, apart from occupational level which was only measured in the survey. Linked 
data were available for a sample of 574=N  employed persons between 15 and 50 years 
of age. We refer to Bakker (2012) for a discussion of the data sources and the procedure 
used to link the survey data to the register data, as well as detailed results. Here, we 
merely report the estimated validities, rounded to two decimals (Table 1). Note that the 
model could not be used to estimate the validity of measurement for occupational level, 
as there was only one indicator for this concept. 
 



 
Figure 1: Path diagram of an SEM for estimating the validity of register and survey 
variables; adapted from Bakker (2012). 
 
Table 1: Estimated validities in the model of Figure 1; taken from Bakker (2012). 
concept OSA survey SSD register 
age (ξ1) λx1 = 1.00 λx2 = 1.00 
gender (ξ2) λx3 = 1.00 λx4 = 1.00 
educational attainment (η1) λy1 = 0.82 λy2 = 0.94 
occupational level (η2) λy3 = 1.00a – 
ln hourly wages (η3) λy4 = 0.95 λy5 = 0.87 

a This parameter was fixed to 1 to have an identified model. 
 
 
3. Simulation Study 
 
3.1 Introduction 
 
To investigate the robustness of the method of Section 2 for estimating validity in various 
situations, we performed a simulation study. We generated a large number of data sets 
with synthetic measurement errors according to various known mechanisms. 
Subsequently, we estimated the validity of the observed variables in these synthetic data 
sets through an SEM. As the distribution of the measurement errors was known in this 
study, the appropriateness of the estimated validities could be assessed. In the present 
section, we briefly summarise the set-up and results of the simulation study. More details 
can be found in Scholtus and Bakker (2013). 
 
3.2 Set-up 
 
In all simulations, we used the model of Figure 1 for estimating validity. Thus, the 
observed data consisted of ),,,,,,,,( 432154321 xxxxyyyyy  and the underlying concepts 

were ),,,,( 21321 ξξηηη . We considered three types of data sets: (i) completely synthetic 



multivariate normal data with a sample size of 600=N ; (ii) the same, with a sample size 
of 60000=N ; (iii) real-world data with additional synthetic errors ( 574=N ). 
Throughout, we used R to generate data and analyse the results and we used the 
maximum likelihood (ML) estimation procedure in LISREL 8 (Jöreskog and Sörbom 
1996) to fit the SEMs. 
To generate multivariate normal data sets, we took the estimated structural parameters 
from Bakker (2012) as a starting point. These estimated parameters imply a covariance 
matrix for the latent variables in the model; see e.g. Bollen (1989). We first generated 
scores for ),,,,( 21321 ξξηηη  from a joint multinormal distribution with mean 0 and the 

above implied covariance matrix. Independently, we also generated random measurement 
errors ),,,,,,,,( 432154321 δδδδεεεεε  from a joint multinormal distribution with mean 0 

and a prescribed covariance matrix 
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Simulations were done with a variety of choices for the elements in εΘ  and δΘ . Having 

generated the above latent scores and error terms, we computed scores for the observed 

variables from the expressions (3a) and (3b), setting kkyk εθλ −= 1  and llxl δθλ −= 1  to 

standardise the observed variables. By construction, the theoretical validities of ky  and 

lx  are then given by ykλ  and xlλ , respectively. 

For the simulations with realistic data, we started with the original data that were 
analysed by Bakker (2012). Additional errors were introduced into this data set by means 
of a random hot deck imputation method. Hot deck imputation is a commonly used 
solution for missing data; see e.g. De Waal et al. (2011). It involves the replacement of 
each missing value by an observed value from a randomly drawn record in the same data 
set. In a slight deviation from the normal use, we used this technique to randomly replace 
observed values by (potentially) different observed values, thus introducing artificial 
errors into the data set. Different amounts of measurement error were obtained by varying 
the fraction of imputed records for each variable. 
Having obtained a data set in one of the above ways, we computed the sample correlation 
matrix and estimated the SEM of Figure 1. We first considered cases for which this SEM 
is correctly specified with respect to the data generating process. We obtained a large 
number of different cases by varying the theoretical validities of individual variables. For 
each different case, we performed 100 simulations to account for the random nature of 
the data generating process. 
As mentioned above, for the normally distributed data, the theoretical validities follow 
immediately from the specified error variances, i.e. the diagonal elements of the matrices 

εΘ  and δΘ . For the realistic data, however, it is not immediately obvious how the 
imputation fractions can be related to theoretical validity. Actually, it can be derived 
(Scholtus and Bakker 2013) that applying hot deck imputation to a variable for %100×π  
of the records in a data set has approximately the same effect on the observed correlation 
matrix as introducing normal errors for that variable according to model (3) with an error 

variance of 2)1(1 πθ −−= ; equivalently, θπ −−= 11 . Hence, by a heuristic argument, 



the theoretical validity corresponding to an imputation fraction π  is approximately equal 

to πθ −=− 11 . 
We also considered cases for which the SEM of Figure 1 is misspecified. In particular, 
this SEM assumes that the measurement errors are uncorrelated across variables. This 
assumption may be inappropriate depending on the context. Therefore, we examined the 
effects of two types of misspecification due to correlated errors; these are shown as path 
diagrams in Figure 2. In the left-hand panel, there are correlated errors in two variables 
that measure the same concept. In the right-hand panel, there are correlated errors in two 
variables that measure different concepts. 
For the normal data, correlated measurement errors were obtained by the same procedure 
as before, this time with a non-zero element in an off-diagonal position of εΘ . For the 

realistic data, a slight modification was made to the hot deck imputation method so that it 
produced correlated measurement errors; see Scholtus and Bakker (2013) for more 
details. We performed simulations with positive and negative correlations of 0.1 and 0.5. 
 

                    
Figure 2: Path diagrams of two types of model misspecification. A dashed double-headed 
arrow represents a non-zero correlation in the data generating model that is fixed to zero 
in the analysis model. 
 
3.3 Results 
 
We will focus here on the results with normal data. The results for the realistic data sets 
(with 574=N ) were mostly in line with those obtained for normal data (with 600=N ). 
The main difference was that we found the 2X  statistic to be less appropriate as a fit 
measure in the non-normal case; this seems reasonable, as this statistic actually assumes 
that the data are normally distributed. The reader is referred to Scholtus and Bakker 
(2013) for detailed results, including those for the simulations with realistic data. 
In our simulations with correctly specified models for normal data ( 600=N ), we found 
that the quality of the validity estimates actually depended on the validities of the 
observed variables themselves. For variables with a moderate to high validity (say 

7.0≥λ ), we obtained stable and approximately unbiased validity estimates. Moreover, 
as the theoretical validity became lower, a clear loss of precision could be seen in the 
validity estimate. As an illustration, Figure 3 shows box plots of simulation results for 
two situations. It can be seen that the spread in the estimated validities across 100 
simulations is much larger for variables with a relatively low validity. 
 



          
Figure 3: Box plots of estimated validities of four observed variables in 100 simulations 
(multinormal data, N = 600). In the left-hand panel, the theoretical validities are (0.95, 
0.95, 0.9, 0.9) from left to right. In the right-hand panel, they are (0.95, 0.95, 0.3, 0.3). 
 
For variables with a low validity (say 7.0<λ ), the validity estimates became more 
erratic: although they still tended to agree with the theoretical validity on average, large 
deviations occurred for individual estimates. Interestingly, this effect tended to be ‘local’, 
in the sense that the inclusion of a single variable with a low validity did not have much 
effect on the quality of the validity estimates for the other variables in the model; this 
‘local’ effect can also be seen in Figure 3. This property is particularly convenient if one 
wants to compare data sources that may have very different validities. Furthermore, 
increasing problems with convergence of the estimation routine in LISREL and with 
negative estimates for variance parameters were encountered as the theoretical validity of 
(many) variables in the model became lower. 
The above results were obtained with a moderate sample size ( 600=N ). For a correctly 
specified SEM, it is in fact known that ML estimation produces consistent estimates for 
the model parameters under rather general regularity conditions (Bollen 1989, p. 416ff.). 
Hence, for large samples, the estimated factor loadings should agree closely with the 
theoretical validities, even if these validities are low. The simulation results with 

60000=N  confirmed this: stable and approximately unbiased estimates were obtained in 
all cases and no problems with convergence or negative variance estimates occurred. 
With the first type of model misspecification (unrecognised correlated errors in two 
variables that measure the same concept), we found biased validity estimates for the two 
directly involved variables and biased estimates for structural parameters related to the 
involved concept. All other parameters, including the validities of the other variables, 
were estimated correctly. Thus, this type of model misspecification appears to have only 
a ‘local’ effect on the resulting estimates. In addition, we found that the 2X  statistic 
could not be used to detect this type of misspecification. Scholtus and Bakker (2013) give 
a theoretical explanation of these findings under certain conditions. It can be derived in 
particular that, for the situation in the left-hand panel of Figure 2, the validity estimates 



for 1y  and 2y  are expected to be biased by a factor )/(1 2112 yy λλθε+ , where 12εθ  

denotes the covariance parameter that was erroneously fixed to zero. 
With the second type of model misspecification (unrecognised correlated errors in two 
variables that measure different concepts), the simulation results showed that all validity 
estimates (as well as all other model parameters) remained approximately unbiased. This 
includes the validities of the two variables directly involved in the misspecification. We 
also observed an increase in the 2X  statistic in the presence of this type of 
misspecification. With correlations of +0.5 or –0.5, this increase was sufficient for the 
model to be rejected at conventional significance levels. This was not the case, however, 
with correlations of +0.1 or –0.1. 
 
 
4. Conclusion 
 
As outlined in Section 2 and illustrated by Bakker (2012), estimates of the validity of 
administrative and survey variables can be obtained through an SEM. To apply this 
method, data measuring the same set of concepts should be available from two different 
sources (surveys, registers) that can be linked at the record level. In addition, one should 
have prior knowledge about the expected direct effects between the concepts. Assuming 
that these prerequisites are met, the method can be applied in principle. In Section 3, we 
have investigated the suitability of the resulting validity estimates in various situations by 
means of simulations. It should be noted that, while this simulation study focused on one 
specific example of an SEM, Scholtus and Bakker (2013) give some theoretical 
arguments that establish the same results for a more general class of SEMs. 
In summary, we can say that the method discussed here provides approximately unbiased 
and stable estimates of the validity of administrative and survey data for a sample size as 
small as 600=N , provided that the SEM is correctly specified and contains variables 
with moderate to high validities. A partial misspecification of the measurement model 
due to correlated errors may produce biased validity estimates for the involved variables, 
but (for the types of misspecification considered here) this bias is not propagated to the 
rest of the model. 
It should be noted that this ‘local’ property does not hold for misspecifications in general. 
In particular, it is known that the bias due to an omitted path in a factor model or due to a 
misspecification in the structural part of an SEM can spread to parameter estimates 
throughout the model (Bollen et al. 2007). The latter type of misspecification is less 
likely to occur in the context considered here, since we require that the structural part of 
the model has been well-studied in previous research. Therefore, in this simulation study 
we only looked at the effects of misspecifications in the measurement component. 
Technically, the measurement model (1) or (3) provides estimates of indicator validity 
rather than true score validity (using the terminology of Saris and Andrews 1991). 
Estimating true score validity, or indeed reliability, requires a more complex 
measurement model. In the context of survey data, such a model can be estimated in a so-
called multitrait-multimethod study (Scherpenzeel and Saris 1997). It remains an open 
question how this methodology could be adapted to the context of administrative data, 
where a researcher has much less control over the data collection process. 



It should also be noted that by standardising the observed variables as we have done here, 
information is lost about differences in the observed means of variables in different 
sources. This is in fact important information in the context of official statistics, where 
population totals are often the main parameters of interest. Observed means can be taken 
into account in an extended form of the SEM (Bollen 1989). More research is needed on 
how to use this information for inference about validity. 
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Abstract  
    
Interviewers have a substantial impact on data quality. Their motivation to deviate from 
prescribed routines is analyzed. Thereby, the focus is on falsifications of survey data. 
Based on approaches from cognitive psychology and principal agent theory data based 
indicators are constructed which should differ between real and falsified interview data. 
A multivariate cluster analysis is applied to a set of such indicators to identify 
interviewers who are more likely to have contributed falsified data and might be subject 
to a follow up in a fieldwork setting. A heuristic optimization algorithm is used for the 
clustering instead of sequential procedures. Data obtained from an experiment are used to 
evaluate the performance of the indicators and of the multivariate method. The 
experiment used two payment schemes for the interviewers – per interview and per hour. 
It is also analyzed to what extent the payment scheme affects interviewers’ behavior with 
regard to falsifications. 
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1. Introduction  
    
Survey data quality might be negatively affected in many different ways. Several issues, 
such as sampling, non response, wording and structure of questionnaires or motivation of 
interviewees have been subject to intensive analysis. In this contribution, we focus on 
another source of contamination of survey data, namely deviant behavior of the 
interviewers in a face to face setting, in particular the situation when interviewers fill in 
part of or even complete questionnaires themselves instead of properly conducting the 
full interview. Although there exists substantial anecdotal evidence on the prevalence of 
this problem, statements about data problems related to interviewers’ deviant behavior 
are seldom found in the literature. A possible reason for this lack of coverage might be 
the associated risk of generating doubt about the data quality. Also contributions dealing 
with method for identification of deviant behavior are rather scarce (see Bredl et al. 
(2013) for a literature review). 
 
On the other hand, it appears obvious that even a small proportion of falsifications in 
survey data might affect further empirical analysis to a non trivial extent. Given the 
interviewers’ knowledge about the surveyed population, it is not too surprising that 
estimates of unconditional means or variances are often found to be only marginally 
affected by falsifications. However, as shown, e.g. by Schräpler and Wagner (2003), even 
a small proportion of fabricated data can be sufficient to cause strong biases in 
multivariate statistics.  
 
The issue of interviewers’ deviant behavior is taken into account in actual survey 
practice. However, reliable methods for detecting falsifications are expensive, e.g. the 
random re-interview. Thus, it is important to apply such methods to a subsample of the 
data comprising those data which are most likely to have been subject to some type of 
falsification. We present an approach to generate such focused re-interview samples 
making use only of the available data from the survey. Of course, if additional 
information is available, e.g. metadata, it might be used to complement the analysis. 
 
In this paper, we present recent results of a German Research Foundation (DFG) funded 
research project dealing with ex-post detection of falsified data in face-to-face surveys. 
While the methodological approach builds on the multivariate indicator based cluster 
method suggested by Bredl et al. (2012), a closer theoretical analysis of interviewers’ 
motivation is used to identify indicators which might help to discriminate between 
falsifiers and interviewers actually conducting their interviews. Our hypotheses 
concerning these indicators are mainly based on theories of cognitive psychology and of 
respondents’ (assumed) motivation to answer survey questions. Furthermore, we assume 
that falsifiers use stereotypes about potential respondents, since detailed individual data 
about respondents’ opinion and behavior are not available to them. Finally, also aspects 
from principal agent theory are taken into account. As a result the set of potentially useful 
indicators becomes much larger than the four indicators discussed by Bredl et al. (2012).  
 
Besides extending the set of indicators and improvements of the clustering method, we 
also report on the results of three experimental studies run in the framework of the 
research project (Menold et al. 2013). While the first two studies, which might be 
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considered as a pretesting phase, are only briefly sketched, the main focus of this paper is 
on the third experiment with a large number of interviewers and conducted interviews. 
This experiment also included a variation of the payment scheme for the interviewers. A 
part from reporting the findings from these experiments, we will also provide some 
comments on the robustness of the results. 
 
The remainder of this paper is structured as follows. Section 2 presents the theoretical 
background used to derive indicators of interviewers’ deviant behavior and describes 
those indicators. Section 3 describes the experiments and the results obtained for the 
indicators. The multivariate clustering procedure is introduced in Section 4, which also 
provides results of its application to the experimental data. Major conclusions and an 
outlook to further research are presented in Section 5. 
 
 
2. Theoretical Framework and Indicators 

 
The proposed method relies on finding data based indicators which help to discriminate 
real data from those produced by falsifiers. For the selection of such indicators it is 
important to understand interviewers’ motivation with regard to deviant behavior and 
how they actually act when producing falsifications. Given the lack of reports on 
falsifications in the literature, we have to resort to behavioral theories which might be 
useful for describing deviant behavior in this context. We complemented the first two 
pretesting experiments with cognitive interviews to find out more about the actual 
motivation and procedure of falsifying interviewers. The theoretical analysis and the 
selection of indicators also builds on the insights gained from these cognitive interviews. 
 
While there is a substantial amount of literature on respondents’ behavior in an interview 
setting, the behavior of interviewers appears to be less well studied. Nevertheless, some 
results regarding respondents’ behavior, e.g., motivated by results from cognitive 
psychology (e.g., Tourangeau et al. 2000) or by research on respondents’ motivation to 
answer survey questions (Krosnick and Alwin 1987) can be adapted for the interviewers’ 
perspective as well. In fact, we assume that interviewers are confronted with a decision 
problem where their actual action cannot be easily observed, i.e., a typical principal agent 
situation. Thus, they face a tradeoff between not following all instructions given and the – 
possibly – high cost in doing so. The cost of cooperation include working time (including 
travel time to respondents’ household), demoralisers such as bad or too long 
questionnaires, asking sensitive questions or visiting risky neighborhoods. When 
deviating, they are faced with a (perceived) risk of detection and the associated cost 
(dismissal, criminal proceedings). Obviously, the interviewer can influence the risk of 
detection by the way he or she falsifies data. It is our aim to understand how this is done 
and whether statistical methods can help to uncover such falsifications. 
 
We continue with the assumption that if interviewers decide to deviate, they aim at 
reducing the risk of being discovered by providing faked data which satisfy the survey 
agency. Consequently, the “satisficing model” introduced by Krosnick and Alwin (1987) 
with regard to respondents can also be used as frame to explain the differences between 
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real and falsified data which then serve as a source for indicators to identify falsified data. 
In this setting, satisficing describes a behavior trying to minimize cognitive effort when 
filling in the questionnaire. As a consequence, we might expect more often the selection 
of the “do not know” category if available or response patterns such as extreme or middle 
responding in item batteries. Furthermore, we assume that falsifiers might resort to use 
stereotypes (Hippler 1979; Schnell 1991) about potential respondents, e.g., when detailed 
individual data about respondents’ opinion and behavior are not available to them. 
 
When considering data based indicators which might proof helpful for the classification 
of interviewers, we distinguish two types of indicators, formal and content-based. Formal 
indicators are based on differences in response behavior between real respondents and 
falsifiers. This class has the major advantage that it depends just on the questionnaire 
structure, in particular, on the type of questions asked, i.e. allows for a straightforward 
application in different surveys. In principle, it should be even possible to develop tools 
for constructing questionnaires which at the same time also generate procedures for the 
calculation of such formal indicators once the data are collected. Content-based indicators 
focus on the differences regarding the substance of responses to specific survey 
questions. Therefore, content-based indicators depend heavily on the particular survey 
setting. Consequently, they appear to be less versatile in their application. Nevertheless, 
some general ideas might be easily adopted across a wide variety of surveys in social and 
economic sciences.  
 
Let us start with a short description of some formal indicators which are used in our 
empirical application. Given the assumptions about the motivation of falsifiers, we might 
expect the avoidance of the “others” category in semi-open questions (Bredl et al. 2012) 
as well as responding to filter questions in a way to avoid subsequent questions (Hood 
and Bushery 1997). Consequently, in the case of filter and semi-open questions we 
expect falsifiers showing higher satisficing (less effort) than real respondents. This is 
measured by the indicators SEMI-OPEN (relative frequencies of choosing the “others, 
please specify” category) and FILTER (frequency of choosing the option allowing to skip 
part of the questionnaire), respectively. However, falsifiers might also reduce satisficing 
(higher effort) in regard to other types of questions. These opposed tendencies result from 
the two conflicting motivations of falsifiers: to save time and to avoid detection. In 
combining these two conflicting tendencies falsifiers try to save time, only if a legitimate 
response by reduced effort is possible. Accordingly we expect less satisficing in regard to 
response tendencies, i.e. extreme and midpoint responding style, acquiescence, rounding, 
primacy and recency effect. Furthermore, we expect less item non-response (INR) overall 
(Bredl et al. 2012; Shaeffer et al. 2005) and with regard to open-ended questions (OPEN). 
Another indicator is given by the variances. We expect lower variances in the falsified 
data. This is due to less extreme responding by falsifiers and the usage of stereotypes to 
compensate for a lack of information about the respondent (Reuband 1990, Schnell 
1991). 
 
Content-related indicators used in the study are the frequency of choosing non-existing 
response options in the Vocabulary and Overclaiming Test (VOCT, Ziegler et al. 2013) 
and in a question about magazines read on a regular basis. For both questions part of the 
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given response options were fictive. Another content-related indicator for falsification 
found in our previous studies is, that falsifiers tend to underestimate past political activity 
of respondents. 
 
Due to space constraints, we cannot discuss and present all indicators in detail here. They 
can be found in Menold et al. 2013. 
 
 
3. Experimental Evidence 

 
The development and evaluation of the indicators was based on two preliminary 
experimental studies (Menold, Storfinger and Winker 2011; Menold and Kemper 2011). 
For these studies the experimental design was similar to the one proposed by Hippler 
(1979). Confirmed data from the German General Social Survey (ALLBUS) 2008 are 
used as benchmark. Mainly students were asked to generate falsified data. They received 
a small set of socio-demographic indicators, behavioral and opinion information from 
real ALLBUS and were asked to complete the questionnaire themselves. To develop our 
indicators and to test our assumptions concerning different indicators, we subsequently 
compared the real ALLBUS data and the data produced by the “falsifiers”. Furthermore, 
cognitive interviews have been conducted with some falsifiers to obtain a better 
understanding of strategies used for generating the falsified data. 
 
The results presented in this paper are based on the third experimental study based on a 
much larger sample. Both real and falsified data were collected within the experimental 
setting. Thus, a specific questionnaire could be used including the type of questions 
necessary to construct the indicators which have been found useful in the preliminary 
steps of the analysis. For the experiment, N=78 students have been recruited. In a first 
phase, they completed each about 10 real face-to-face interviews. In order to make sure 
that all interviews were actually conducted, they have been tape recorded and all 
recordings have been controlled. In a second step, the interviewers had to produce 
fabricated survey data in the lab. Thereby, the procedure was the same as the one 
described above, i.e. they obtained some basic information about one of the real 
respondents (of course, from a person interviewed by someone else) and had to complete 
the questionnaire. In this way, we obtained a data set of N = 710 falsified interviews 
corresponding to each of the N = 710 real interviews.  
 
The experiment is set up in a way to mimic a scenario with experienced interviewers as 
the students run 10 real interviews prior to start working on the falsifications. 
Furthermore, there was an incentive given to produce “good” falsifications. If their 
falsifications were not detected by our multivariate method, students could gain a price. 
Finally, we used two different treatments with regard to remuneration of the interviewers. 
In one group, payment was per completed interview, while it was per hour in the second 
group. 
 
To test whether indicators are sensitive to falsification, we conducted a between-subject 
Multivariate Analysis of Variance (MANOVA) of false vs. real interviews. In addition, 
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we compared the differences between real and falsified data concerning indicators used 
on the aggregated interviewer level as they are used for the cluster analysis. As a result, 
we found significant differences for all except one indicator between real and false data. 
In most cases, the sign of the difference points in the direction expected based on 
theoretical reasoning.  
 
We found significant less extreme responding, less acquiescence, as well as lower 
primacy and recency effects in falsified data than in real data. The results for INR showed 
fewer unanswered items on the part of the falsifiers, although this result is not significant. 
Next, falsifiers used filter questions to avoid responding additional questions significantly 
more often and provided responses to “other, please specify” category in semi-open-
ended questions significantly more seldom than real respondents. In these instances, they 
reduced their cognitive effort by using legitimate options provided in the questionnaire. 
In contrast to our expectations, open-ended questions were more seldom completed by 
falsifiers. They also exhibit more often a middle responding style in rating scales.  
 
Also some content-based indicators differ significantly between real and falsified data. In 
contrast to real respondents, falsifiers identified more often not existing terms in the 
vocabulary test (VOCT) and used more often fictive newspaper titles in providing 
information about reading behavior. Finally, falsifiers strongly underestimated real 
participants’ past political participation. 
 
The different payment schemes applied in the experiment are found to affect the outcome 
for some indicators. For example, it is found that INR was lower if the participants were 
paid per hour and not per completed interview. At the same time, the difference between 
real respondents and falsifiers for this indicator becomes more pronounced for the 
payment per interview condition although it still did not become significant. Also the 
number of reported past political activities increased in both groups when payment per 
hour was provided. And while extreme responding does not differ in a significant way 
between real respondents and falsifiers in the payment per hour setting, the difference 
becomes highly significant in the payment per completed interview setting.  
 
When concentrating on the effects of the payment scheme for falsifiers only, we find that 
falsifiers tend to answer the questions in a way that they could extent the interview 
duration (and therefore increase their total paying) when paid per hour. For instance, 
falsifiers significantly use more often filter questions to skip a part of the questionnaire 
when paid per hour than when paid per completed interview. 
 
Overall, the results point out that motivation of interviewers is a relevant factor which 
can explain the differences between real and falsified data. In addition, the identified 
effects of payment methods should be taken into account both for the application of 
multivariate methods to identify falsified data and for further theoretical analysis of 
interviewers’ behavior. 
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4. Cluster Analysis 

 
Although most of the indicators exhibit significant differences between real and false 
data, a reliable identification of falsifications based on individual indicators does not 
appear feasible given a substantial overlap between both groups. Thus, either a high share 
of false positives (i.e. interviewers erroneously assigned to the group of falsifiers) or a 
high share of undetected falsifiers will result (see Menold et al. 2013, p. 41). 
Consequently, the multivariate method proposed by Bredl et al. (2012) is applied. The 
idea of this cluster procedure is a grouping of the interviewers into two groups, where one 
group should comprise the honest interviewers and the other the supposed falsifiers. 
Obviously, also with such a multivariate approach a perfect grouping is not to be 
expected in real applications. Therefore, we assess the performance of the clustering 
procedure by investigating the number of correctly assigned interviewers and the number 
of false positives and false negatives.  
 
While the results in Bredl et al. (2012) are based on a traditional sequential optimization 
algorithm, we follow their suggestion to use a method aiming at a globally optimum 
cluster. This could be achieved by Bredl et al. (2012) by means of full enumeration of all 
possible cluster solutions given the small number of interviewers involved. However, for 
our experimental setting, the globally optimum cluster has to be approximated by means 
of a heuristic optimization approach. We make use of an implementation of the threshold 
accepting (TA) algorithm for this purpose (Winker, 2011). Instead of using a sequential 
fusion method as in hierarchical clustering, it relies on an iterative improvement of a 
given solution with regard to a given fitness criterion. The criterion used in the present 
analysis is the sum of squared distances within each cluster. Thus, the algorithm starts 
with a randomly assignment of the interviewers, represented by the vector of indicator 
values corresponding to their interviews, into two groups. Then, in each iterative step, 
one element is randomly selected and transferred to the other cluster. If this modification 
improves the fitness of the solution or at least does not reduce fitness by more than a 
predefined threshold, it is accepted. It can be shown that this algorithm can provide the 
globally optimum cluster for a given fitness criterion for appropriate parameter settings 
(threshold sequence) and a number of search steps going to infinity.  
 
Using all available indicators, two clusters result. One comprises 70 interviewers 
including 61 falsifiers, i.e. 78% of all 78 falsifiers in the sample, while the other cluster 
has 86 elements including 69 honest interviewers, i.e. 88% of all honest interviewers. 
Given that the method does not make use of any a priori information about the 
interviewers, not even about the number of supposed falsifications, the result is quite 
convincing. Focusing follow up interviews on the “at risk” cluster would definitely 
improve the survey quality substantially. We also considered subsets of indicators, in 
particular those exhibiting the highest discriminatory power in the univariate analysis. 
However, no further improvements, i.e. with regard to both false positive and false 
negatives could be obtained except of a small improvement when just excluding INR. 
Thus, it appears that, in general, exploiting all information available in the indicators by 
means of a multivariate analysis is a promising route for a data based identification of 
potential falsifications in survey data. 
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We also applied the cluster method to two subsamples of the data. The first one 
comprising all interviews conducted under payment by completed interview, the second 
under payment by hour. The results are qualitatively similar to the full sample for the first 
case, when 75% of all falsifiers and 85% of all real respondents are correctly assigned.  In 
contrast, the payment per hour setting allows for an even more clear-cut separation of the 
two groups. In this scenario, 84% of the falsifiers and 95% of the real respondents are 
correctly assigned. This improved performance might be due to the fact that honest 
interviewers and falsifiers differ more noticeably in some indicator values when paid per 
hour. For instance, as mentioned above, falsifiers and honest interviewers produce a 
lower share of non-response when paid per hour. But falsifiers reduce their share more 
than honest interviewers resulting in an increasing difference.  
 
It might come as a surprise that detection of falsifications becomes easier when both 
honest interviewers and falsifiers receive incentives to spend enough time on the 
questionnaires (payment per hour). However, it has to be noted that in the experimental 
setting the decision to falsify was imposed exogenously. In a real setting, a payment by 
hour scheme might not only influence the quality of falsifications, but also the decision 
on whether or not to deliver real data. This aspect has to be taken into account both for 
future experiments in this field as well as for a further analysis of falsifiers’ motivation 
and behavior.  
 
There are a number of straightforward extensions of the analysis, which is subject of our 
current research. First, one might analyse the performance of the clustering method for 
different objective functions or when a fixed limit on the size of the falsifier cluster is 
imposed. Both ideas can be easily implemented in the heuristic optimization setting. The 
goals of imposing a sequentially increasing number of elements in the falsifier cluster 
would be to assess whether the share of false positives is smaller at the beginning of the 
procedure and whether a point of saturation might indicate the actual number of 
falsifications in the sample even more precisely than the unrestricted cluster approach. 
Second, it will be analyzed how the performance deteriorates when interviewers decide to 
falsify only part of the questionnaire.  
 
 
5. Conclusion  

 
Interviewers might deviate from prescribed routines when cost of adhering becomes too 
high. The motivation to deviate is reflected in statistical properties of the generated data 
which can be used for identifying “at risk” interviewers. The experimental evidence has 
shown a high discriminatory power of some of the proposed indicators and an even better 
performance of a multivariate clustering approach making simultaneous use of several 
indicators.  
 
Considering a large number of indicators in a multivariate setting has the additional 
advantage that it becomes quite difficult if not impossible for the deviant interviewer to 
reproduce the multivariate distribution of these indicators in his falsified data even if he is 
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aware of the indicators used. In particular, if indicators are based on a comparison of the 
values for one interviewer with those of the remaining ones (and not with a fixed 
benchmark as, e.g., in the case of Benford’s law), a replication will become impossible. 
Consequently, the method should stay effective even if the interviewers are aware of the 
technical details of the construction of indicators and the multivariate clustering method. 
 
Obviously, further research is needed to find out to what extent the results of this study 
can be generalized. For example, in real settings the share of falsifiers is (hopefully) 
much smaller than in our experiment. A simulation based analysis by Storfinger and 
Winker (2013) suggests that the discriminatory power of the method improves for a 
smaller share of falsifiers in the data set. Nevertheless, further experiments and – if 
accessible – analysis of real data is necessary to confirm this tendency.  
 
Finally, it is strongly recommended to put more emphasis on the motivation and behavior 
of interviewers both in research and field work. Their contribution is essential for 
obtaining a satisfactory data quality. The incentive structure for the whole process of 
collecting data has to be studied and – where necessary – modified in order to improve 
data quality and integrity for empirical research in the social sciences. 
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Abstract  
    

In 2012, the implementation of an electronic statistical business data preparation and 
transmission project (e-statistics) in Statistics Lithuania was completed. The employees 
of economic entities (respondents) are able to prepare and submit statistical information 
in various ways: online, offline and by importing statistical data from the business 
management systems (BMSs), which already store the data needed for various reports. 
For statistical data submission from BMSs the standard was developed. Respondents 
have the possibility to submit the statistical data described according to the standard from 
the BMSs or accounting systems used in respondents' enterprises. E-statistics also has an 
integrated environment for preparation of partially prefilled reports by using the 
statistical data submitted of economic entities' to other public authorities. The single 
contact point principle is ensured because enterprises have no need to repeatedly submit 
the same information to different institutions.    
 
Keywords: BMS, respondents, system, statistical reports 
 

 
1. Introduction  
    

Every year Statistics Lithuania (SL) receives more than 0.5 million statistical 
questionnaires (reports), filled out by about 50 thousand economic entities, mostly 
business entities. The major problem related to the submission of data to SL, faced by 
economic entities, is as follows: economic entities often have to submit the same data to 
several authorities at different time and in different form. Moreover, the filling out of 
reports is a long and complicated, time-consuming process. Most economic entities have 
business management systems (BMSs), already storing the data required for filling out 
statistical questionnaires, but still they have to spend time on transferring these data from 
their BMSs to statistical questionnaires. To solve this problem, the public electronic 
service, comprised of the following: (a) a system which would afford an opportunity for 
respondents to submit statistical data directly from their BMSs, (b) a system for receiving 
statistical business data from administrative sources (State Tax Inspectorate, State Social 
Insurance Fund Board, Customs Department), (c) authentication of respondents has been 
developed. 
 
 
2. Project E-statistics  



 
The main objective of the project "Electronic compilation and transfer of statistical 
business data" (e-statistics) is to develop a public electronic service for business entities, 
which would correspond to the fifth e-government maturity level and enable the 
compilation and transfer of statistical business data in electronic form, via the Internet.  
E-statistics is the continuation of a project "Introduction of electronic questionnaires 
(reports) at Statistics Lithuania". The project E-statistics is oriented towards all business 
entities in operation in the country, submitting statistical data to SL. 
 
After implementation of the project the staff of economic entities has an opportunity to 
produce and submit statistical information in various ways: 
1. Online: After the user is authenticated and connects to the portal of SL, s/he may select 
the statistical questionnaire required, enter the data, check them, and save an interim or 
final version of the report. 
2. Offline: Using free software for filling out questionnaires, the user fills out an 
electronic questionnaire on his PC, checks the data entered using preloaded tools, and 
saves the questionnaire on his PC. After the user is authenticated and connects to the 
portal of SL, s/he, using the tools available on the portal, sends the questionnaire, saved 
on his PC, to the data warehouse of SL. 
3. Automatic generation of statistical reports: Users were afforded an opportunity to link 
the data from their BMSs to the boxes of the questionnaire. Statistical data generation 
modules, created in the system, will subsequently generate statistical reports according to 
a set order. Depending on the contents of a statistical questionnaire and data available in 
BMSs, complete or incomplete (partially filled out) reports will be generated. The user  is  
automatically informed about the opportunity to check through and approve the report 
generated. S/he will be able to check the data generated, complement, verify and approve 
them. 
 
 
3. Architecture of the system  
 
The system is supported by integration environment, where statistical data on economic 
entities, submitted to other public authorities and are required for checking data 
submitted by respondents to SL, generation of partially filled out reports and further 
production of statistical information is stored. The public electronic service foresees a 
user authentication, information and monitoring tool. For authentication, respondents can 
use various tools: authentication tools of electronic banking systems, electronic signature, 
authentication service developed in the framework of a project of the Information Society 
Development Committee of the Republic of Lithuania "Development of capacity for the 
interaction - interoperability - of  information systems of public administration 
institutions", traditional ways of authentication (username / password, secret key). The 
architecture of the system can be shown in figure 1. 
 
 



 
 

Figure 1. E-statistics architecture 
 
The service recipients will be informed about deadlines for the submission of statistical 
reports, acceptance status, new tasks, and various updates to the system. The system will 
also inform users by system messages, email and (or) SMS. 
 
Moreover, the system is capable of an extensive monitoring. On the portal, respondents 
will be able to view the history of submission of their statistical reports, reporting 
calendar, etc. SL specialists will be able to form various reports on the results of 
reporting, system processes, their history, etc. The development of this public electronic 
service is an important step in the data collection area, beneficial both to business 
enterprises submitting statistical data and to SL. 
 
It is important to observe that communication and feedback with  both respondents and 
developers has to be maintained in all stages to achieve better understanding and to turn 
the system into a more user-friendly one. With this in view a country-wide 
communication campaign was held in 2012 and continuous consultations and feedback 
has been currently maintained 
 
 
4. Standard for statistical data submission from BMSs  
 
One of the ways to reduce the burden for respondents is the use of the data (indicators) 
required for various statistical reports that are available in respondents' BMS and 
accounting systems. After an analysis of statistical reporting forms, the indicators which 



should be obtained from respondents' BMS and accounting systems were identified. 
Those indicators were subsequently grouped by business accounting area. Moreover, 
eight BMS and accounting systems that are most common among the Lithuanian 
enterprises were analysed. Almost all such systems store data on assets, equity, liabilities, 
income, expenditure, profit, profit distribution, fixed assets from balance sheets and profit 
(loss) statements and labour indicators from payroll sheets. Besides, the said indicators 
are legally regulated and standardised.  
 
After the results of the analysis had been summarised, a standard for data exchange with 
BMS and accounting systems was proposed. The developers and distributors of such 
systems wishing that the data stored in them are compatible and accepted by the E-
statistics will have to prepare special statistical data generation modules, which will 
generate sets of indicators meeting the above-mentioned standard from BMS and 
accounting systems.  
 
The data exchange standard is comprised of an XML scheme defining the data structure 
and data sets in XML format. The standard contains a description of indicators, a 
description of classification, and a set of indicators. 
In the description of indicators, the names of indicators, calculation rules, periods, units 
of measurement, possible dimensions are provided; moreover, it is indicated which 
statistical reports contain those indicators. 
In the description of classification, necessary metadata - types of periods, statistical 
reports, meanings of dimension classification, etc. - are provided. 
A set of indicators, corresponding to the XML scheme, should be generated by a 
respondent's BMS and accounting system. In the set of indicators, the values of the 
indicators defined in the description of indicators in certain periods and for certain sets of 
dimensions from the description of classification should be provided. 
 
E-statistics is able to accept data in an established format from a respondent's BMS and 
accounting system, partially fill in with them a statistical report, and submit the prefilled 
report to the respondent, who will finalise its completion and submit it to the system.  
 
4. Conclusions 
 
The development of E-statistics is an important step in the data collection area, which is 
beneficial both to business enterprises submitting statistical data and to Statistics 
Lithuania. The project will create the value added by contributing to saving time and 
resources both for business entities, submitting statistical data, and for SL, supervising 
data submission. The project is of great relevance also because it would enable the 
implementation of a single contact point principle, since economic entities would not 
have to repeatedly submit the same data to different authorities. In the project, it is 
proposed to realise an innovative solution - submission of statistical data directly from 
BMS. Constant communication and feedback among economic entities, developers and 
relevant staff in Statistics Lithuania facilitates mutual understanding of the objectives and 
stimulates wider application of the system. 
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Abstract  
 
Statistical data often contain high cardinality categorical variables, which are often 
hierarchically structured. An example of such a variable is the classification code of 
economic activity (NACE). In official statistics practice, there is a growing need for tools 
to explore and analyse such high cardinality categorical hierarchical data, since tabulation 
of such datasets is rather time-consuming and tedious. In this paper we propose the 
tableplot as a candidate tool to explore high cardinality data. The tableplot is an 
innovative visualisation method for exploring large statistical datasets that helps visually 
to explore  relationships between variables, outliers and odd data patterns. We illustrate 
the suitability of the tableplot on the Dutch insurance policy record administration, which 
is a large data source with high cardinality hierarchical variables. 
 
Keywords: [Visualisation, Large Statistical Data, Official Statistics] 
 
 
1. Introduction 
 
The tableplot is a method to visualise large datasets, where numerical variables are 
plotted column-wise as bar charts and categorical variables as stacked bar charts. Recent 
research illustrated that this method is particularly useful to explore relationships between 
variables, detect outliers, and observe odd data patterns (Tennekes et al., 2011 and 
2012a). Therefore, for national statistical institutes, tableplots are very useful to assess 
the quality of administrative data sources (Daas et al., 2012 and Tennekes et al. 2013), 
and to analyse and monitor survey data during statistical production processes (Tennekes 
et al. 2012b). 
Two case studies by Tennekes et al. (2012 and 2013), in which the use of tableplots for 
the Dutch virtual census and the Dutch Structural Business Statistics were explored, 
showed the strength of plotting categorical frequencies. The correlation between census 
variables such as gender, marital status, and household status and (the sorting variable) 
age can intuitively be visualised. In addition, these case studies revealed that it is often 
worthwhile to transform numerical variables into discrete categorical variables, as the 
tableplot shows the data distribution within each row bin for these derived categorical 
variables. Examples of such categorized variables are age groups, turnover classes and 
numbers of persons employed in classes. 
The categorical variables that were investigated contain up to a dozen of categories 
(consider for instance level of education and household status). Visualising these 
variables in a tableplot is rather straightforward, since each category can be mapped to a 



distinct colour using a qualitative colour palette. However, in official statistics practice 
categorical variables often contain hundreds of categories and are typically hierarchically 
structured. Examples are the economic classification code (NACE), collective bargaining 
agreement code, and field of education classification.  
In this paper we present two techniques to visualise high cardinality categorical data, that 
can also be used together. The first technique is to cluster categories in a small number of 
groups, for instance defined by hierarchical top levels. The second technique is to assign 
the categories to a rainbow palette. Applicability of both solutions will be illustrated with 
unprocessed data from the Dutch insurance policy record administration.  
The tableplot has been implemented in R (R Core Team, 2012), and is freely available as 
the tabplot package (Tennekes and de Jonge, 2013). 
This paper is outlined as follows. In Section 2, we describe the tableplot, and propose 
methods to incorporate the visualisation of high cardinality categorical data. We apply 
these methods in Section 3, and give some final thoughts in Section 4. 
 
 
2. The tableplot 
 
2.1 Description 
 
We describe the tableplot with the Dutch Virtual Census (VC) case study that is 
elaborated by Tennekes et al. (2013). The tableplot of the VC is depicted in Figure 1. It is 
constructed as follows: 
 

1) the records in the dataset are sorted according to the values of an important 
numerical variable, in this case age; 

2) the records in the dataset are binned into a certain number (in this case 100) of 
equally sized row bins; 

3) per row bin, the mean value is calculated for numerical variables, and category 
fractions are determined for categorical variables, where missing values are 
considered as a separate category; 

4) the tableplot is depicted column-wise with a bar chart of mean values for each 
numerical variable and a stacked bar chart of category fractions for each 
categorical variable. 

 
The tableplot in Figure 1 illustrates, among many other things, that gender is equally 
distributed along age except for elderly people. It also reveals some peculiarities in the 
data. For instance, there are many unknown levels of education for the oldest part of the 
Dutch population, but also for the youngest part. 
Note that all numerical variables can be transformed into categorical variables. The 
advantage of plotting such a derived categorical variable is that the data distribution per 
row bin is shown. This is illustrated by the variable Age11 defined as age in 10 year 
classes. According to the top row bin of the second column of Figure 1, approximately 
0.5% of the Dutch population is at least 90 years old, and only a very small part is over 
100 years old. The categorical representation of numerical variables is also described in 
the Structural Business Statistics case study by Tennekes et al. (2011, 2012). 



 
 

Figure 1. Tableplot of the Dutch Virtual Census. 
 
 
 
 
2.2 High cardinality categorical data 
 
The cardinality of a discrete variable is the number of distinct categories. Obviously, it is 
not straightforward to plot categorical variables with more than say one hundred 
categories in a tableplot. Besides the fact that the number of legend lines is limited, it is 
hard to design a colour palette with that many distinct colours. To put this even stronger, 
most people cannot differentiate between more than a dozen colours. 
Figure 2 shows the colour palettes that are embedded in the tabplot package (Tennekes 
and de Jonge, 2012). The 16-colour palette Set8 is the result of a brave attempt by 
Wijffelaars (2008). Palettes Set1 and Set7 are specially developed for colour-blind people 
by respectively Okabe and Ito (2002) and Lumley (2012). The HCL palettes are based on 
the Hue-Chroma-Luminance colour space model (see Zeileis et al., 2009), and are also 
used by default in the popular R package ggplot2 (Wickham, 2009). The other palettes 
have been developed and tested on users by Brewer et al. (2003). 
Since the maximum number of distinct colours in these colour palettes is 16, we consider 
a categorical variable with more than 16 categories as a high cardinality variable. 
There are basically two techniques that enable the visualisation of high cardinality 
categorical data in a tableplot. These techniques can also be used together. 
 
 



Figure 2. The colour palettes in tabplot. 
 
The first technique is to reduce the number of categories by clustering them into a smaller 
number of groups. This can be done for categorical variables that are ordered or 
hierarchically structured. For an ordered variable neighbouring categories are merged, 
preferably uniformly so that the resulting categories represent an equal number of 
original categories. For a hierarchically structured variable each category will be replaced 
by a super category, which is actually equal to aggregating to a higher level. 
Unfortunately, this technique has the drawback that it does not show the fine grained 
frequencies of the underlying categories. This is in particular the case for a very small 
number of groups, say less than 8. The details may be important but cannot be noticed 
using this aggregation. The second technique is to assign the categories to a continuous 
qualitative colour palette, also known and referred to as a rainbow palette. Such a palette 
can be created by a discrete colour palette added with gradual in-between colours, or by 
distraction from a colour space model, such as the Hue-Chroma-Luminance model 
(Zeileis et al., 2009). Using a rainbow palette we can assign any number of categories to 
it. This is illustrated in Figure 3. 
 
 

 
Figure 3. Rainbow palettes created from the Set1 palette 
 
The rainbow technique is strongly recommended when the number of categories exceeds 
16, i.e. the maximum number of colours in the implemented qualitative palettes (Set8 in 
Figure 2). Clustering is only recommended when a suitable clustering scheme is 
available. 
 



2.3 Tableplot implementation in R 
 
The tableplot method is implemented in R as the tabplot package (Tennekes and de 
Jonge, 2012). This package contains detailed documentation with reproducible examples, 
as well as a vignette document. We will restrict this paragraph to a few notes on the 
handling of categorical data in the tabplot package. 
By default, categorical variables with over 50 categories are automatically clustered to 50 
categories to increase the plotting speed. The default number of 50 can be changed with 
the argument max_levels. When categories x to and including y are clustered into one 
grouped category, this category will be labelled “x…y”. 
The next step is that the categories are assigned to the colours of a colour palette. For 
each categorical variable, a colour palette from Figure 2 can be chosen by the argument 
pals. If there are more categories than colours, then there are two options to resolve this 
issue. Either the colours of the palette are repeated, or a rainbow palette is created. The 
former is only appropriate when the surplus of categories is only a few. By default a 
rainbow palette is used when there are 20 or more categories (this number can be 
changed with the argument change_palette_type_at). 
The final step is the setup of the layout. Since the legend has a limited height (which can 
be set by legend.lines), it may not be possible to print all category labels. If there is not 
enough room, only a few categories are printed. 
 
 
3. Case Study 
 
The insurance policy record administration (IPA) contains information on wages, social 
security benefits, including retirement benefits. Incomes of entrepreneurs without 
employees are not included. The IPA is owned and maintained by the organisation 
responsible for the implementation of social insurance and benefits (UWV). It is an 
important source for Statistics Netherlands, most prominently for the labour and income 
statistics. 
Figure 4 shows the unprocessed IPA of March 2010. The dataset is sorted on income. 
The other shown variables are gender, birth year (shown as categorical variable), NACE 
code of the corresponding company or organisation, salary, working hours, extra salary, 
and size class of the company or organisation, which is derived from the number of 
persons employed.1 Notice that there are about 19.5 million records while the Dutch 
population is only 16,6 million people. The reason is that a lot of people have multiple 
records, e.g. multiple jobs. 
Figure 4 is the result of plotting the IPA without manual preprocessing of the data. As 
described in paragraph 2.3, the categories of a high cardinality categorical variable, in 
this case birth year and NACE code, are by default clustered into 50 grouped categories, 
where the notation “x...y” is used to indicate a grouped category that contains categories 
x up to and including y. 

                                                 
1  The number of persons employed for size classes 00, 10, 21, 22, 30, 40, 50, 60, 71, 72, 81, 82, 91, 
92, and 93 are respectively 0, 1, 2, 3-4, 5-9, 10-19, 20-49, 50-99, 100-149, 150-199, 200-249, 250-499, 
500-999, 1000-1999, and 2000 or more. 



Apparently, birth year varies from 1753 to 2007 in this file. It is clear that some of these 
historic birth years are data errors. However, records of little children, and even babies, 
may exist in the IPA, since orphan benefits are included. 
The rainbow colour palettes used to plot birth year and NACE code is useful to discover 
global patterns. The two swipes in the middle are caused by retirement benefits, which 
are fixed amounts of incomes. For the variable birth year, the bins in this area are 
predominantly coloured yellow to lilac, which corresponds to birth years from 1920 to 
1945. In other words, most people in this area are over 65 years old, which is the 
retirement age in the Netherlands. 
The variable size class contains 15 categories, and can therefore be assigned to a 
qualitative colour palette, in this case Set8. It is an easy task to link the colours used in 
the tableplot to the corresponding categories in the legend, especially because the colours 
in the chart are stacked from left to right in the same order as in the legend. 
 
 
 
 
 

 
Figure 4. Tableplot of the unprocessed IPA of March 2010. 
 



Figure 5 shows the same dataset as shown in Figure 4, but with manually clustered birth 
year and NACE code. For age, ten years classes are used, and for NACE code the main 
NACE groups indicated by the letters A-U. Since there are 22 NACE categories, a 
rainbow palette is used here. The result is that data patters are easier to analyse than in 
Figure 4. Furthermore, the information shown in Figure 5 still has almost the same depth 
of detail as in Figure 5. 
 
 
 

Figure 5. Tableplot of the unprocessed IPA of March 2010, with manually clustered birth 
year and NACE code. 
 
 
Figure 5 shows the same dataset as shown in Figure 4, but with manually clustered birth 
year and NACE code. For age, ten years classes are used, and for NACE code the main 
NACE groups indicated by the letters A-U. Since there are 22 NACE categories, a 
rainbow palette is used here. Notice that although the same palette is used as in Figure 4, 
there are differences in colour due to the different clustering scheme. The result is that 
data patterns are easier to analyse than in Figure 4. Furthermore, the information shown 
in Figure 5 still has almost the same depth of detail as in Figure 5. 
For the labour statistics, only the part of the IPA that contains wages is used. Therefore, 
all non-wage incomes are omitted in next versions of the IPA. Figure 6 is a tableplot of 
the analysed version of IPA of March 2010, which contains 9.0 million wages. The two 



large swipes in Figures 4 and 5 that are caused by retirement benefits are not present in 
Figure 6. Also the gold and brown coloured NACE codes, respectively Financial and 
insurance activities and Public administration and defence; compulsory social security in 
Figure 5 are much smaller in Figure 6. The sector Wholesale and retail trade is relatively 
larger in Figure 6, since there are a lot of jobs in this sector. 
 
 

Figure 6. Tableplot of the analysed IPA of March 2010. 
 
 
4. Discussion 
 
Rainbow palettes are particularly useful when categorical variables are ordinal, because 
the ordinal categories are mapped linearly onto the hue scale of the rainbow palette We 
considered a sequential colour scale for ordinal variables, but this colour scale is 
problematic for high cardinality variables: it is perceived as a density measure, which it is 
not. 
A hierarchical structure is not linear and the mapping of such a variable to a colour 
palette is not straightforward. 
The used palette in Figure 4 does not respect the hierarchical structure of the NACE code. 
We tackled this problem by clustering it to categories of a fixed hierarchical level (i.e. the 
level of the 22 main NACE categories). Although these categories are still not ordinal 



(i.e. the order of main NACE codes is arbitrarily chosen), applying a rainbow palette is 
useful since 22 different colours can be extracted from it. 
In order to show categories of different hierarchical levels, a more refined qualitative 
colour palette is needed. One approach would be to cluster the colours of a rainbow or 
HCL based palette, so that colours of one cluster are similar to one another, and different 
from colours in other clusters. For NACE codes, this approach may be overkill, since it is 
already difficult to differentiate the 22 rainbow colours that are assigned to the main 
categories. For hierarchically structured variables with fewer categories per hierarchical 
level, this approach will likely be more beneficial. Further research on this topic is 
recommended. 
The tableplot implementation in R, i.e. the package tabplot, facilitates a graphical user 
interface, where basic options can be chosen, such as the plotted variables, the variable 
on which the data is sorted, and the number of row bins (Tennekes and de Jonge, 2012). 
A more interactive graphical user interface is implemented as the R package tabplotd3, 
which is still in an early stage of development (De Jonge and Tennekes, 2012). In this 
interface, users have mouse-over information of specific bin values, and the can 
intuitively zoom in on the data. Such features are needed to explore high cardinality 
hierarchically structured categorical data into more detail. 
Overall, we can conclude that it is possible and useful to explore high cardinality 
categorical data visually, in particular when there is a suitable aggregation scheme at 
hand. However, further research on the mapping of hierarchically structured categorical 
variables to qualitative colour palettes is needed. 
 
 
References 
 
Brewer, C.A., Hatchard, G.W., Harrower, M.A. (2003). ColorBrewer in Print: A Catalog 

of Color Schemes for Maps, Cartography and Geographic Information Science 30(1): 
5-32. 

 
Daas, P.J.H., Ossen, S.J.L., Tennekes, M., Burger, J. (2012). Evaluation and visualisation 

of the quality of administrative sources used for statistics. Paper for the European 
Conference on Quality in Official Statistics 2012, Athens, Greece. 

 
Jonge, E. de, Tennekes, M. (2012). tabplotd3: Tabplotd3, interactive inspection of large 

data. R package version 0.1-1. Available at: URL=http://CRAN.R-
project.org/package=tabplotd3 

 
Lumley, T. (2012). dichromat: Color schemes for dichromats. R package version 1.2-4. 

Available at: URL=http://CRAN.R-project.org/package=dichromat 
 
Okabe, M. and Ito, K. (2002). Color Universal Design (CUD) - How to make figures and 

presentations that are friendly to Colorblind people. Available at: URL= 
http://jfly.iam.u-tokyo.ac.jp/color/ 

 



R Core Team (2012). R: A language and environment for statistical computing. R 
Foundation for Statistical  Computing, Vienna, Austria. Available at: URL= 
http://www.R-project.org/. 

 
Tennekes, M., Jonge, E. de, Daas, P.J.H. (2011). Visual profiling of large statistical 

datasets. Paper presented at the 2011 New Techniques and Technologies for Statistics 
conference, Brussels, Belgium. 

 
Tennekes, M., Jonge, E. de, Daas, P.J.H. (2012). Innovative visual tools for data editing. 

Paper presented at the United Nations Economic Commission for Europe (UNECE) 
Work Session on Statistical Data Editing, 2012, Oslo, Norway. 

 
Tennekes, M. and Jonge, E. de.  (2012) tabplot: Tableplot, a visualization of large 

datasets. R package version 1.0. Available at: 
URL=http://code.google.com/p/tableplot/. 

 
Tennekes, M., Jonge, E. de, Daas, P.J.H. (2013). Visualizing and Inspecting Large 

Datasets with Tableplots, Journal of Data Science 11 (1) 43-58. 
 
Wickham, H. (2009). ggplot2: elegant graphics for data analysis. Springer New York. 
 
Wijffelaars, M. (2008). Synthesis of Color Palettes. Master's thesis. Supervisors Wijk, J. 

van, and Vliegen, R. 
 
Zeileis, A., Hornik, K. and Murrell, P. (2009). Escaping RGBland: Selecting colors for 

statistical graphics. Computational Statistics & Data Analysis, Vol. 53, No. 9. pp. 
3259-3270 

 
 
 
 
 
 
 
 
 
 
 
 



Data Privacy in confidential administrative micro data: 
the importance of disclosure control 

 
Daniela Hochfellner1, Dana Müller2, Alexandra Schmucker3 

1Institute for Employment Research, e-mail: Daniela.Hochfellner@iab.de 
2 Institute for Employment Research, e-mail: Dana.Müller@iab.de 

3 Institute for Employment Research, e-mail: Alexandra.Schmucker@iab.de 
 
 

Abstract 
 
The demand of comprehensive and innovative data is constantly growing in social 
science. In particular data of social security agencies become more and more attractive 
because of their special advantages. In contrast to survey data, administrative data offer a 
census with highly reliable information over long time periods. These data are restricted 
in their usage and are subject to confidentiality of social security. To make them 
accessible for researchers they either have to be anonymised before usage, or research 
output has to be released after disclosure review procedures. This results in a conflict of 
high potential for research purposes versus maximal data protection at the same time: Our 
paper discusses the trade-off between maintaining a high capability of research potential 
while protecting data, as well as the satisfaction of these demands at the Research Data 
Centre of the Federal Employment Agency at the Institute for Employment Research in 
Germany. 
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1 Introduction  
 
The importance of research data for the scientific community and policy consultation is 
indisputable. Demand for comprehensive datasets, supplemented by additional 
information from other data sources, is growing constantly. In contrast to survey data, 
administrative data are censuses in which highly reliable information is collected, usually 
over long periods of time. Also common problems that arise with survey data, such as 
non-response and panel attrition do not occur. This makes them a highly valuable 
resource for social science. Data access is possible in different ways. A common 
approach of national statistical institutes and similar institutions is access within the 
secure facility of Research Data Centres (Lane et al. 2008). The Research Data Centre 



(FDZ) of the Federal Employment Agency (BA) at the Institute for Employment 
Research (IAB) makes restricted administrative micro data, called social data, available 
for research purposes that are especially suitable for analyses in the field of labour market 
research (Heining 2010)1. According to researchers’ interests (e.g. rich data sets, 
investment in time and money) as well as in compliance with data protection, the FDZ 
offers different ways of data access, such as on-site use, remote execution, and 
anonymous micro data.  
All social data underlie special protection of data privacy in the field of social security, as 
these data constitute mandatory information that is required for calculating contributions 
and entitlements associated with social insurance (e.g. pension insurance). From a legal 
point of view, two conflicting constitutional principles oppose each other here: on the one 
hand the right to informational self-determination and on the other hand the academic 
freedom that is established in Germany's Basic Law. In practice, however, this results in a 
dilemma between the data having the largest possible research potential and the existence 
of maximum data protection. Increasing the amount of information in the data, will 
definitely allow for more detailed analyses, but at the same time increase the risk of 
disclosure. There are various international research collaborations working on the 
development of technical solutions regarding data confidentiality (e.g. Ritchie 2008, 
Hundepool et al. 2010), as well as methodological research endeavours improving 
statistical disclosure control procedures (e.g. Lenz et al. 2006; Drechsler and Reiter 
2009). However, the implementation of these new techniques depends on national data 
privacy laws (e.g. Heining and Bender 2012). Hence, data access restrictions and 
disclosure measures always have to be embedded in the respective legal context in which 
they are applied. 
This paper outlines data protection regulations in Germany and how their requirements 
are implemented in the Research Data Centre (FDZ) of the BA at IAB. The strategies 
used by the FDZ, such as the preparation of standard data products and rules for 
disclosure review, are described in detail. 
 
 
2 Legal background 
 
Since the decision of the Federal Constitutional Court regarding the census in 1983, the 
constitutional basis of data protection in Germany is the right to informational self-
determination. Every individual may in principle determine the use and disclosure of her 
personal data. The register-based data of the FDZ are subject to this law. Because they 
comprise mandatory information, they are additionally protected by the German social 
code of law which is more narrowly defined. Individuals underlie the legal obligation to 
accept the processing of their personal data. Firms, too, are obliged to reveal information 
during the social security notification procedure. This requires legal justification for data 
usage, storage, transmission, and disclosure.  
German law also grants the scientific community the right to use social data when 
specific conditions apply. These conditions are defined by standardised data protection 

                                                 
1 In addition to the administrative data, a substantial amount of data is also available from large-scale 
surveys, some of which are supplemented by information from the register-based data. The same conditions 
apply for the use of these data as for social data. 



regulations. The task of the FDZ is to guarantee the compliance with these regulations. In 
practice this means that every research output or data product has to undergo disclosure 
review before being released to ensure individuals cannot be identified. Information 
which is classified at high disclosure risk is not limited to direct identifiers such as 
names, addresses, or social security numbers. Characteristics or combinations of 
characteristics that enable identification of individuals indirectly are also critical (Lane et 
al. 2008). The risk of identifying firms is far greater, as additional information about 
firms is easy to access publicly. Especially large establishments can be identified easily 
by combining industry and spatial information. Therefore the micro data is anonymised 
before being released to research institutions. For labour market research studies which 
need very detailed information restricted data are provided at special separate 
workplaces2 or can be analysed by means of remote execution3. 
 
 
3 The FDZ data disclosure portfolio 
 
The task of the FDZ is to safeguard anonymity of the statistical units being analysed. This 
is always associated with the aggregation level of the information that has to be 
protected. In general, the spectrum of degrees of anonymisation ranges from the original 
data product to aggregated statistics. Restrictions on data access depend on the degree of 
anonymisation. Aggregated statistics may be publicly available on the internet, whereas 
restricted data are only transmitted with approval and verification if it is absolutely 
necessary. This correlation is outlined in Figure 1. 

Figure 1: Degree of anonymisation and data access 
 

                                                 
2 The computers for guest researchers at the FDZ are configured PCs that have no access to the internet and 
do not permit the transfer of data to external storage media or printers. 
3 Researchers prepare programs with the help of test data. The FDZ runs the codes on the original data and 
the results are sent to the researcher after disclosure review. 



Figure 1 shows the broad range between original data and aggregated statistics and 
between unrestricted and restricted data access. These aspects determine the scope of 
action of data disseminators in Germany. As the FDZ makes available neither original 
data nor aggregated statistics, it has a somewhat smaller radius of action. In this 
framework the FDZ can respond flexibly to different requirements. The higher the degree 
of anonymisation, the more flexible ways of data access are existent. Sensitive 
information requires strongly regulated data access. For all different kind of data access 
possibilities the FDZ ensures data security by means of various procedures that were 
developed in collaboration with the legal department of the IAB. In order to coordinate 
this, the FDZ implements a portfolio approach following Lane et al. (2008) and Ritchie 
(2011). Basically we distinguish between measures implemented prior to data usage, and 
those that take place following data usage. Prior data usage access is regulated and 
stipulated by data use agreements. Also data are anonymised depending on the kind of 
data access. Afterwards the results of analyses conducted using the restricted data 
undergo disclosure review to verify compliance with data protection legislation.  
 
 
3.1 Disclosure control before data usage 
 
Lane et al. (2008) suggest a portfolio approach to achieve data protection while granting 
data access to researchers. They distinguish data protection according four subfields, 
namely technical, organisational, statistical, and legal protections. The FDZ adapts this 
portfolio approach in principal. However, the practical implementation is aligned 
according the German law and therefore deviations from the theoretical strategy are 
necessary. The following sections describe the practical implementation according Lane 
et al. (2008) by the FDZ. 
 
 
3.1.1 Eligibility of data usage 
 
In accordance with the German legal regulations, the use of FDZ data is linked to certain 
conditions. In order to clarify whether these conditions are met, a request for data access 
has to be submitted. The following requirements have to be met in the application: the 
study has to be in the field of employment research and of public interest. The most 
important aspect is whether it is absolutely necessary to use the restricted data. Proof 
must be provided that the research objective cannot be achieved with any other data that 
are available more easily (e.g. aggregated data). In addition to the formal examination, a 
description of the research project is also required. It is needed to verify whether the 
research project is feasible with the requested data. The FDZ advises the applicant on the 
specific research potential and quality aspects of the data4. 
 
 

                                                 
4 Detailed information regarding requests for data access as well as information on how to prepare the 
requests can be found on the FDZ website: http://fdz.iab.de/de/FDZ_Data_Access.aspx. 



3.1.2 Regulations on data access 
 
After the data request has been approved, data use agreements are concluded in which the 
conditions for using the data are regulated. The data usage is only permitted for a specific 
project with defined contents within the period stipulated in the agreement. Furthermore, 
the individuals who are entitled to access the data are also specified. This group of 
persons is to be kept as small as possible. In addition, the data use agreements contain 
bans on disclosing data to third parties, linking the data to other micro data, and 
identifying individuals. The data use agreements differ depending on the modality of data 
access. For instance, in data use agreements for transmitted anonymous micro data the 
research institute is obliged to delete all micro data after the end of the contracted period. 
The data use agreement for on-site use contains guidelines regarding rules applying 
during on-site research. In addition to the conditions on data usage, all data use 
agreements also contain information regarding penalties for misuse. 
 
 
3.1.3 Anonymisation of micro data 
 
Besides the restrictions on data access, data protection is already taken into account 
during data generation. One of the key tasks of the FDZ besides compiling and 
documenting research data is the practical implementation of statistical disclosure control 
(see Ritchie 2011). This is understood as safeguarding the confidentiality of information 
about statistical units, e.g. individuals or businesses. Various studies investigated 
methods of data anonymisation so far, for instance the project ‘Factual Anonymisation of 
Business Micro Data – FAWE’. It was created as a feasibility study to test new methods 
of anonymisation, e.g. creating synthetic data (Drechsler and Reiter 2009) or different 
methods of data-perturbing (Lenz et al. 2006). As a result of this project the FDZ 
provides a synthetic anonymised data set (Drechsler 2011). But Lenz et al. (2006:16) also 
address the disadvantages of working with manipulated data. “Besides, we realised that 
there are far reaching reservations among the scientific community about the application 
of data-perturbing anonymisation measures. Users seemingly prefer a clear reduction of 
information (e.g. suppressed regional information) to modifications in numerical values 
(…)”. With the aim of operating user friendly the FDZ decided to apply approved 
methods described in the following.  
Anonymous micro data are defined as data in which information content is reduced to the 
extent that disclosure would only be possible with a disproportionate amount of time, 
expense, and effort. One important step of safeguarding data is to provide the researchers 
only with population samples, as this reduces disclosure risks substantially. In addition to 
drawing samples, the FDZ implements further data anonymisation. In restricted data, 
identifiers such as name, address, social security numbers or establishment numbers are 
deleted and the attributes of sensitive variables, for example nationality or detailed 
industry classifications, are aggregated. In some cases it is necessary to decide which 
variables should be aggregated. If, for example, regional information is to be retained in 
the data, other variables (such as establishment information) have to be strongly 
aggregated or not included. In general the recommendations made by Mueller et al. 
(1991) are taken into account when generating the anonymous micro data.  



 
 
3.2 Disclosure control after data usage 
 
Aggregated data in which it is impossible to identify either individuals or establishments 
- including large establishments and industry leaders - are classified as absolutely 
anonymous. However, results from aggregated micro data displayed in table form are not 
automatically considered absolutely anonymous. If, for example, individual cells contain 
only one person, then an aggregated table is not classified as anonymous. As problems 
like this frequently arise when analysing restricted data, these results have to undergo 
disclosure review. The control of research outputs cannot be integrated entirely into a 
standardised and automated procedure. Instead, the statistical disclosure control always 
has to refer to the individual case at hand (Ritchie 2011). Hence the software package τ-
ARGUS (Schulte Nordholt 2001) developed for the statistical disclosure control of tables 
published by national statistics institutes is not applicable at the FDZ. This involves FDZ 
staff screening all research output and releasing it before the researcher can publish. The 
review is conducted in accordance with certain criteria and rules. Among experts there 
are generally accepted rules that are always to be used (Brandt et al. 2010). The following 
sections describe how this statistical disclosure control should be implemented 
theoretically and is in practice at the FDZ. 
 
 
3.2.1 Theoretical differentiation of analysis results 
 
Research output can be classified as ‘safe’ or ‘unsafe’. This differentiation is used to 
estimate the disclosure risk of the respective research output. Results that are classified as 
‘safe’ do not indicate any risk of disclosure. In contrast, there is a residual risk of de-
anonymisation if output is considered as ‘unsafe’. This output has to be made ‘safe’ 
before being released to the researcher. For this purpose, cell content is deleted until the 
tables of results are absolutely anonymous. Hence, statistical disclosure control 
transforms research output classified as ‘unsafe’ into completely ‘safe’ output. The FDZ 
classifies regarding following aspects in accordance with Brandt et al. (2010): 

• The data material used, 
• The type of analyses conducted, 
• Restrictions of the data material to certain variables or inclusion of certain 

variables, and 
• Applied data transformations. 

Output that is generally safe consists for instance of coefficients from multivariate 
estimations within a large population sample. In most studies research output cannot be 
classified as ‘safe’, for instance descriptive evaluations. Output that is regarded as 
‘unsafe’ displays 

• Statistical indicators, such as means, 
• Individual data points, e.g. scatter plots (these may permit conclusions to be 

drawn about an individual), 
• Percentiles, and 
• The number of observations. 



Both ‘safe’ and ‘unsafe’ classified output has to undergo disclosure review, but only in 
the latter some output has to be deleted. Disclosure review requires FDZ staff to 
reconstruct every single step of data manipulation. Therefore, the researcher has to follow 
specific guidelines for structuring programs to make the classification of output easier. 
 
 
3.2.2 FDZ guidelines for disclosure review 
 
It is not possible to execute full automatic disclosure review. However, the FDZ works 
with a specially developed perl program script which scans output files for insufficient 
numbers of observation, and deletes them accordingly. At current state it only works for 
selected Stata commands and output, such as summary statistics and tables, but it is 
adapted and developed continuously. All remaining output has to be reviewed manually 
and deleted where necessary.  
Results based on 20 observations and less are classified as critical and therefore deleted. 
This minimum requirement applies for both establishment and individual data. It also 
applies for every kind of statistical indicator for instance means, percentiles, dummies, 
and graphical output5. This threshold was selected for the following reason: the FDZ 
releases every output independently and so does not compare the results with those of 
previous analyses. The higher threshold prevents the disclosure of information in the 
presence of multiple outputs. However, the researchers are bound by contract not to re-
calculate deleted results by comparing multiple output files.  
When deletion of output is necessary a distinction is made between primary suppression, 
which prevents the identification of information in a cell of a table, and secondary 
suppression, which prevents the identification of information via subtotals and/or 
marginal totals. Table 1 illustrated this procedure. The example was created using the test 
data6 of the IAB Establishment Panel. It displays the number of establishments with and 
without a works council for different establishment size classes in eastern Germany. 
Panel 1 contains the original table. Panel 2 contains the same table after disclosure 
review.  
In table 1 there is one cell containing less than 20 observations, which makes suppression 
necessary. In order to retain as much information as possible, the marginal totals are only 
deleted if necessary. In this example the cell associated with a value of 142 would be 
suppressed. However, this is not yet sufficient to receive a ‘safe’ output file, as the 
deleted values may be re-calculated by the marginal totals and the remaining values in the 
table. Two further cells have to be suppressed. It is not necessary to delete the entire 
value in case of multi-digit numbers, but mandatory to delete the last full digit. There is 
no rule defining which values are deleted in secondary suppression. This decision lies 
within the person reviewing the research output. Generally an attempt is made to remove 
the next smallest value. In the example at hand this would be the value 39 and the value 
547 accordingly. 

                                                 
5 A detailed description of all disclosure procedures can be found in Hochfellner et al. (2012). 
6 The test data of the IAB Establishment Panel are intended to enable researchers to write and test analysis 
programs prior to remote data access. The test data were generated by drawing a subsample and performing 
data swapping while simultaneously retaining important data structures. This renders the test data ineligible 
for analysis. 



 
Panel 1: prior  Panel 2: after 
       
 Work council   Work council 
Number of 
employees Yes No Total 

 Number of 
employees Yes No Total 

1-4 43 1,380 1,423  1-4 43 1,380 1,423 
5-9 39 547 586  5-9 3* 54* 586 

10-19 89 487 576  10-19 89 487 576 
20-49 250 590 840  20-49 250 590 840 
50-99 255 245 500  50-99 255 245 500 

100-199 290 110 400  100-199 290 110 400 
200-499 283 65 348  200-499 283 65 348 
500-999 142 16 158  500-999 14* / 158 

Total 1,391 3,440 4,831  Total 1,391 3,440 4,831 
Table 1: Example for primary and secondary suppression of research output 
 
Furthermore, we control for dominance suppression which hinders identification of 
dominant establishments. The risk of an establishment being identified in the analysis 
increases, for example, when detailed information on economic activities or detailed 
regional information is used. The results are checked for cases of dominance using the 
following measures: the minimum number of observation is also set at 20 units for the 
number of establishments when detailed analyses of the workforce are pursued. We 
further follow the guidelines of the BA (2012). The sole use of samples instead of 
populations, and the monitoring of the researcher’s programming also ensure that no 
dominance cases can be identified.  
Displaying statistical indicators, such as means, is regarded as problematic. In this case, 
the indicators are only classified as safe when the calculation basis comprises at least 20 
observations. One special case is the display of means of dummy variables. With binary 
coded variables their values are distributed between two categories. Due to a skewed 
distribution it is possible for only three individuals to fall into one of the categories, even 
when the total number of observations is above 20. This output is considered as ‘unsafe’ 
because the assignment of only a small group of individuals in one category can be 
identified, by using the mean. In order to be able to identify and test these cases, it is 
mandatory to display not only the number of cases but also the minimum, the maximum 
and the standard deviation whenever means are displayed.  
There are far other analysis methods besides the data queries mentioned. As the aim of 
this paper is to present the basic procedure followed by the FDZ when execution 
disclosure reviews, we dispense with explanations regarding other analysis possibilities at 
this point.  
 
 
4 Outlook 
 
The usage of restricted micro data requires the analysis in a safe environment. Therefore, 
the FDZ is constantly working on improving the provision of data to researchers in 



Germany and abroad in compliance with data protection legislation. Therefore the FDZ 
has established additional locations in Germany and the US to facilitate data access for 
researchers within the externally funded project ‘Projekt FDZ in FDZ’ [‘RDC in RDC’] – 
PfiFF (Heining and Bender 2012). The data held by the FDZ can be analysed on-site not 
only in Nuremberg, but also at the Research Data Centres of the Statistical Offices of the 
Länder in the German cities of Berlin, Bremen, Dresden and Düsseldorf, and at the 
Michigan Center on the Demography of Aging (MICDA) in the Institute for Social 
Research (ISR) at the University of Michigan. In addition to that, work is being carried 
out to facilitate access to micro-data for researchers across Europe in the EU project Data 
without Boundaries (DwB)7. At the FDZ we are currently in the process of automising 
job submission and are working on the use of the JoSuA software8 provided by the 
International Data Service Center (IDSC) of the Institute for the Study of Labor (IZA). 
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Appendix: Index of German data protection laws 
 
Bundesstatistikgesetz (BStatG) – Gesetz über die Statistik für Bundeszwecke vom 22. 

Januar 1987 (BGBl. I S. 462, 565), zuletzt geändert durch Artikel 3 des Gesetzes vom 
7. September 2007 (BGBl. I S. 2246). 

 
BVerfG. Urteil v. 15.12.1983, Az. 1 BvR 209, 269, 362, 420, 440, 484/83. 
SGB X. Zehntes Buch Sozialgesetzbuch – Sozialverwaltungsverfahren und 

Sozialdatenschutz – (SGB X), in der Fassung der Bekanntmachung vom 18. Januar 
2001 (BGBl.I S. 130), zuletzt geändert durch Entscheidung des 
Bundesverfassungsgerichts vom 23. November 2010 (BGBl. I S. 1718). 

 
Sozialgesetzbuch (SGB) Erstes Buch (I) – Allgemeiner Teil (SGB I) vom 11. Dezember 
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die weitere Bereinigung von Bundesrecht vom 8. Dezember 2010 (BGBl. I S. 1864. 

 
Sozialgesetzbuch (SGB) Drittes Buch (III) – Arbeitsförderung (Artikel 1 des Gesetzes 

vom 24. März 1997, BGBl. I S. 594), zuletzt geändert durch Artikel 12 Absatz 8 des 
Gesetzes vom 24. März 2011 (BGBl. I S. 453). 
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Abstract 
    

The OECD is currently undertaking a project (‘DELTA’) with the aim of making its 
statistical data open, accessible and free. In the context of this project, ‘open’ means that 
data content is machine-readable, retrievable, indexable and re-usable. 
This paper provides background to the DELTA project and describes the steps being 
taken to implement an Application Programming Interface (API) to provide machine-to-
machine access to the OECD statistical data warehouse “OECD.Stat” via a number of 
formats along with the challenges involved in standardising the statistical content from 
the 800+ datasets. 
The paper describes the steps being put in place to encourage re-use of OECD data and 
re-use by OECD of external innovation through Open innovation process and 
community. 
The paper examines links to the related DELTA project work streams to make data 
accessible and free and links to the Knowledge Information Management (KIM) 
Ontology Management and Semantic Infrastructure project via linked data. 
 
Keywords: OECD.Stat, API, Web Services 
 

 
1. Background to the OECD DELTA Project 
Statistics are of strategic importance to the OECD both as an input for internal analysis 
and also as a product for dissemination to a wider audience in their own right. 
Taking into account the importance of statistics as a publication output, a review of the 
OECD Publishing Policy was carried out during 2011. Among other issues, the review 
covered the following points related to the dissemination of statistics:  

• An assessment of OECD’s publishing policy benchmarked against that of other 
International Organisations 

• Technologies used in disseminating publications and data 
• An assessment of the quality of publications and the services provided  
• The overall accessibility of OECD datasets 

 
Following the Publication Policy report a number of recommendations were proposed to 
make OECD statistics “open, accessible and free”. The OECD Council welcomed this 
proposal and as a result the DELTA project was initiated to implement these aims.  
 
The DELTA Project was given the objective to deliver on the Council decisions to 
“increase dissemination and usage and to maintain a viable, sustainable cost recovery 



model”. Subsequently 3 project work streams were established: “Open”, “Accessible” 
and “Free”. These can be defined as follows: 

• Accessible: Develop a new, more user friendly, statistical portal “data.oecd.org”, 
as a single, central gateway to access all OECD statistical data. 

• Open:  Provide open data services for OECD statistical data. 
• Free: Make all data freely available. 

 
This paper describes the “Open” work stream. 
 
2. DELTA Project – Open Data  
Openness is one of the key values that guide the OECD vision for a stronger, cleaner and  
fairer economy. Making data open is an important part of this and to this end a number of 
open benchmarks in the project have been defined as follows: 

• Completeness – content should include data, metadata, sources and methods. 
• Primacy – datasets should be primary and not aggregated and include details on 

how the data was collected. 
• Timeliness – data should be automatically available in trusted third-party 

repositories upon publication. 
• Ease of access – data made available via a simple Application Programming 

Interface (API) 
• Machine Readability – data and metadata provided in machine-readable standard 

plus documentation. 
• Non-discrimination – No special permissions required to access data. 
• Use of common standards – Stored data can be accessed without a special 

software license. 
• Licensing – Creative Commons CC-BY (Licensees may copy, distribute, display 

and perform the work and make derivative works based on it only if they give the 
author or licensor the credits in the manner specified by these). 

• Permanence – Information made available remain online with archiving over time 
together with notification mechanism. 

• Usage costs – Free. 
 
2.1 Open Data Project goals 
 
Data today can be extracted only via downloads from OECD.Stat. The ODWS will make 
them available to other web sites directly for creating custom data visualizations, live 
combinations with other data sources etc. 
 
The goals of the Open Data project are: to make OECD data machine-readable, 
retrievable, indexable and re-usable; to increase the dissemination and impact of OECD 
data via open data services for its statistical data; and, to encourage re-use of OECD data 
by external innovation communities, 
 
In terms of deadlines, the first version of the Open Data project providing a sub-set of 
OECD data should be available by Q1 2014. The full DELTA version of Open Data will 



be available by Q2 2015. 
 
The DELTA Open Project has 3 main deliverables:  i) a full set of “Open-ready” data and 
metadata; ii) a set of Open Data Web Services and iii) an interface for managing the 
OECD Open Innovation Community. 
 
2.2 “Open-Ready” Data and metadata. 
 
For data to be considered “Open-ready” the existing data and metadata content of the 
OECD corporate data warehouse OECD.Stat will be required to meet certain criteria of 
structure and content necessary for machine-to-machine access. The criteria for Open-
readiness include: 

• OECD.Stat data content must include units of measure and scale which are 
structured and consistent across datasets.  

• Variable labels must be sufficiently clear when taken out of context of the full 
dataset such that they are self-explanatory.  

• All datasets must have structured statistical metadata to help users understand the 
data 

• Data should be stored at unit level (actual values) 
• Common dimensions (Time, Country etc) should be used 
• Common dimension names (i.e. “Subject”) should be used 

 
To achieve this, data owners will carry out a self-assessment of all OECD.Stat data 
content to gauge the state of open-readiness for each dataset. This will involve analysing 
the metadata content according to the criteria.  
 
2.3 Open Data Web Services (ODWS) 
 
In parallel to the data assessment exercise, the Open Data Web Services will be 
developed. This will involve building a set of Web Services to provide machine-to-
machine access to OECD.Stat data via a number of formats. 
 
In addition an interface to manage user registration and access to the Web Services will 
be designed and developed as part of the OECD.Data.Org statistics portal. 
 
This will involve defining the technical standards for data to be machine-readable that 
meet the needs of both expert and non-expert audiences. Application Programming 
Interfaces (API) will be developed to make the data and metadata in OECD.Stat available 
to systems outside the organisation via a number of formats. These services will be made 
available to the public via an Open Data Interface (ODI) together with the necessary 
technical and other documentation for developers. 
 
2.4 Open Data formats.  
Data and metadata will be made available to external users in as many output formats as 
possible to maximise data access. The project will start with formats including: 
SDMX/JSON, Restful API, OData, XLS and CSV. Additional formats will be added as 



needed over time. These formats have been chosen for the reasons described below. 
 

a) Excel/CSV  
Excel and CSV are already widely used exchange standards so including them as 
output formats was a fairly obvious decision. 

 
b) SDMX/JSON  

JavaScript Object Notation (JSON) is a text-based open standard designed for 
human-readable data interchange and has become one of the most popular 
industry-used open data formats on web sites today. JSON has a number of 
advantages, including:  

• Simplicity - JSON is a simple and ‘lightweight’ format with a smaller 
grammar and can map directly onto the data structures used in modern 
programming languages. 

• Interoperability - JSON has the same interoperability potential as XML. 
• Openness - JSON has the same open capabilities as XML 
• Readability - JSON is much easier for human to read than XML. It is 

easier to write and is easier for machines to read and write. 
 

The Statistics Data and Metadata eXchange standard (SDMX) provides a standard 
model for statistical data and metadata exchange between national agencies and 
international agencies, within national statistical systems and within organisations. 
OECD is a member of the SDMX Sponsor Group (together with the Bank of 
International Settlements, European Central Bank, Eurostat, International 
Monetary Fund, United Nations Statistics Division and World Bank). SDMX data 
extracts from OECD.Stat are already provided via a web service; this will be 
adapted as an API using the SDMX compact version. 

 
c) Open Data (OData) 

OData is an open protocol for sharing data  
 
Future formats could include Google Data (a REST-inspired technology), Google Dataset  
Publishing Language (DPSL) or Google KML , a Geospatial file format. 
 
An interface will be developed to allow users to access the Open Data Web Services and 
associated technical documentation and to register their intention to use the data and sign 
a Terms of Agreement.  

 
 

3. Linked Data and the OECD KIM project 

The OECD Knowledge and Information Management (KIM) has been established to 
integrate information and centralise access to all OECD content (corporate content 
management, record management, authoring, etc.). KIM was launched in parallel to the 
DELTA project and is concerned with developing semantic enrichment and centralized 
taxonomy linked data support. 
 



A long-term goal of the project is to create linked data sources with the Resource 
Description Framework (RDF) using existing vocabularies to map data to related subjects 
and generating a collection of “triples” (consisting of a subject, a predicate and an object) 
known as a “triple-store”. Each component of the triple has a Unique Resource Identifier 
(URI) enable data to be linked to related sources. 
 
Creating a triple-store from the OECD.Stat data warehouse will be a huge task and work 
investigating the possibilities has only recently started (at time of writing the tools have 
not yet been selected), but the long-term goal is to conform to the Tim Lee-Berners “5 
star” level of open data, where the various levels of openness are described below: 

• No star - data is not available under an open licence, even if it is available on-line. 
• One star - data is accessible on the Web. It is readable by the human eye, but not 

by a software agent (PDF) 
• Two  stars - data is accessible on the Web in a structured, machine-readable 

format  (Excel) 
• Three stars - users do not need proprietary software Re-users can manipulate the 

data in any way, without being confined to a particular software producer (CSV). 
• Four stars - data is now in the Web as opposed to on the Web through the use of a 

unique URI allowing for bookmarking and linking (RDF with URIs). 
• Five stars - data is linked to other data, fully exploiting its network effects and is 

interconnected so its value increases exponentially. Data is discoverable from 
other sources and is given a context e.g., through links to Wikipedia (RDF with 
URIs with semantic properties). 

 
The vision of the Semantic Web is to extend principles of the Web from documents to 
data. Data should be accessed using the general Web architecture using, e.g., URI-s; data 
should be related to one another just as documents (or portions of documents) are 
already. This also means creation of a common framework that allows data to be shared 
and reused across application, enterprise, and community boundaries, to be processed 
automatically by tools as well as manually, including revealing possible new 
relationships among pieces of data. 
 
 
4. The OECD Open Innovation Community 
 
The Open Innovation Community will consist of an interface for managing Open 
Innovation Community (OIC) content and involves designing, building and maintaining 
this interface to provide the following: 

• Information describing  the open platform 
• Registration services 
• Examples of products developed using the open platform 
• Open Services available with associated technical documentation  
• OIC Blog 
• FAQ 

 



5. Conclusions 
 
The OECD is currently engaged in a major project to improve access to its statistical data 
and metadata with the overall goal of making it more findable, usable and open. This 
involves collaboration from statistical experts, database managers, IT, publications and 
communications staff. The outcome will represent the next generation of data 
dissemination and sharing which builds on the work in the last 10 years to develop the 
OECD corporate data warehouse OECD.Stat. 
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Abstract  
 
Providing policymakers and the wider audience with facts and figures about the social 
situation and quality of life in the Netherlands. That is the core aim of the “Social State of 
the Netherlands” report. This report has a long standing tradition in the Netherlands and 
fits into the social monitoring tradition. In the report the most important life domains are 
described in detail, using indicators from various sources. Each chapter provides the 
reader with the current state of affairs, using both descriptive (‘objective’) and evaluative 
(‘subjective’) indicators. The report also presents the SCP Life situation Index (SLI), 
which was created to integrate indicators about the wellbeing and welfare of the Dutch.  
Together, the Social State of the Netherlands and the SCP Life Situation Index present a 
complete and summarizing picture of the Netherlands  - Beyond GDP. 
 
 
Keywords: Life situation, happiness, index construction 

 
 
1. Social monitoring in the Netherlands: a long standing tradition  

 
In The Netherlands there is a long tradition of social monitoring. From the 1970s 
onwards reports are published regularly about the wellbeing and welfare of the Dutch. 
Key players in producing these reports are The Netherlands Institute for Social Research  
(SCP), The Netherlands Bureau for Economic Policy Analysis (CPB) and the 
Netherlands Environmental Assessment Agency (PBL). Together these institutes form a 
network of research organizations whose key goal is to inform politics and policymakers. 
Though these institutes are largely publicly financed, they are independent and compose 
their own research agenda. Though policy relevance is a core value, all research has to be 
scientifically sound. All important policy domains are covered by the three research 
institutes: social, economic and environmental issues are all dealt with by (at least) one of 
them. Statistics Netherlands (CBS) produces a lot of official statistics, with a broad 
scope, that are used by the research institutes. 
 
The most important reports of the three research institutes include the following titles: 

• Social and Cultural Report (Veldheer et al, 2012). This report, published by SCP, 
gives an overview of important social and cultural trends and governmental 
policies in the Netherlands. Since the year 2000, every edition has a specific 
theme, like social cohesion,  generations or peoples own responsibilities in a 
welfare state.  
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• Social State of the Netherlands (Bijl et al. 2012), since 2001. This report describes 
developments in the quality of life of the Dutch population as a whole as well as 
that of social groups. It is published by SCP. 

• Macro Economic Outlook (CPB 2012a) and Central Economic Plan (CPB 
2012b). In these publications CPB presents its analyses and projections of both 
the Dutch and worldwide economy for the current year and the year to come. The 
Central Economic Plan is published every spring, the Macro Economic Outlook is 
published jointly with the Annual Budget at the Opening of the Parliamentary 
Year in September. Both forecasts provide a basis for extended social-economic 
decision-making in the Netherlands. 

• Nature Outlook (PBL 2011). Published every four years, this report aims to 
provide a source of inspiration to support government authorities and societal 
organisations in formulating the long-term policy for nature and the landscape. 

• Assessment of the Human Environment (PBL 2012). In this comprehensive study 
PBL describes the developments in the quality of the human environment and 
indicates which progress has been made regarding the policy tasks related to the 
environment, nature and spatial planning. 

 
As SCP is oriented towards the social and cultural side of society and PBL towards the 
environmental side, their reports  have a ‘beyond GDP’ scope more or less by nature. 
Maybe the reports of the economists of CPB are more oriented toward GDP itself. 
However, CPB too has published reports and chapters about education, health, housing 
and about the broader measurement of welfare and happiness (CPB 2009, CPB 2007). 
In 2008 Dutch government asked the three research institutes together with Statistics 
Netherlands to develop a Sustainability Monitor. This Monitor describes the quality of 
life in the Netherlands here and now and looks at the opportunities for future generations 
to achieve their welfare goals. Quality of life is described by indicators for individual 
well-being (like health, housing, leisure time, education and trust) and a set of 
environmental conditions (such as safety, natural environment and air quality). A 
distinction is  made between descriptive factors (what is the situation in a specific area) 
and evaluative factors (how satisfied are people with their situation). The opportunities 
available to future generations are discussed from the perspective of the available 
resources, which are described in terms of capital (social, human, economic and natural) 
(CBS, SCP, PBL, CPB 2011). 
 
 
2. Beyond GDP - relevant for policy purposes 
 
The Netherlands Institute for Social Research (SCP) was established in 1973. This 
establishment was the expression of the need that was felt in the Netherlands in the 1970s 
to look beyond GDP. Economic performances were good and there was a growing need 
to look at the distribution of the increasing wealth and at the situation of deprived groups. 
To be able to do that, more and better information and data about the circumstances, 
quality of life and life situation of people was needed. This was the beginning of what 
later became known as the social indicators movement. Since the 1970s the availability 
and the scope of statistical data has greatly improved. Nowadays the possibilities to 
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describe social trends within countries and even between them is much greater than it 
ever was. 
 
In the 1980s there was another sign of policy needs to look beyond GDP in the 
Netherlands. At the opening of the parliamentary year (the third Tuesday in September), 
the Annual Budget of the year to come is published. At the same time CPB publishes its 
‘Macro Economic Outlook’. In 1985 the Lower House of Parliament decided they needed 
information about social developments as well. For that reason SCP launched an annual 
‘Social and Cultural Outlook’. Until 2001 this Outlook was published every September 
too. The Social and Cultural Outlook however had a relatively small scope: developments 
of social trends were presented by means of figures on public opinion, the SCP Life 
Situation Index, and the quaternary sector, next to one or two thematic chapters. From 
2001 onwards, the Outlooks are replaced by the Social State of the Netherlands (SSN), 
which has a much broader scope and pays more attention to policy developments. The 
SSN will be discussed in the next paragraph. 
 
In the 2000s there was the governmental request for a Sustainability Monitor, as 
mentioned before. In the period between 1990 and 2000 attention for social indicators, or  
the need to look beyond GDP was volatile. There were some ad hoc initiatives, like 
questions in parliament to look at a ‘broad concept of welfare’ (including social and 
environmental issues, CPB 2009) and politicians writing about the need to look beyond 
GDP (for example Halsema, 2008), but there was no follow up on these activities.  
Now, in the 2010s, there still is little political action to look beyond GDP. “We are going 
to switch off the happiness machine” was what the Dutch Prime Minister said in the 
debate on the Government Statement of Policy when taking office in 2010 (TK 2010-
2011). In a way this is an anti-cyclic sentence, as more and more countries are showing 
interest to look at wellbeing, happiness and beyond GDP. This revived attention for 
social indicators was a reaction to the publication of the report Measurement of Economic 
Performance and Social Progress in 2009 (Stiglitz et al. 2009). The report was 
commissioned by the French President Sarkozy and highlights the importance of 
including social and ecological factors alongside economic aspects in describing how a 
country is faring. In the United  Kingdom a national debate on measuring national 
wellbeing was organized in 2010 on the initiative of Prime Minister David Cameron 
(BPMO 2011). In Germany a Commission was appointed at the request of Parliament to 
look for a system of indicators to measure quality of life (Deutscher Bundestag 2010). In 
a number of other countries, national statistical agencies are attempting to find ways of 
measuring quality of life (Eurostat 2011). The European Parliament has also asked for 
better figures (EP 2011), and international organisations such as the OECD are taking 
initiatives to pool knowledge (Progress of Societies, Beyond GDP, Better Life).  
Moreover: in several European countries governments are formulating targets for their 
social policies, like reducing social exclusion by x percent or reducing crime by y 
percent. Trends and developments in the ‘targeted areas’ are closely monitored: social 
reporting has become an important and regular activity in the statistical information 
systems of European countries.  
Thus: having information about indicators that go ‘beyond GDP’ is important for 
policymakers and being able to track developments over time is even more important. 
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Despite the words of the Prime Minister, this also holds true for the Netherlands: 
information stemming from social reporting and social monitoring activities are, and have 
been since the 1970s, key aspects of the political and societal debate. The Social state of 
the Netherlands is such a social report. 
 
 
3. Social state of the Netherlands: a social report on quality of life  
 
The Social state of the Netherlands (SSN) describes the quality of life and the life 
situation of the Dutch population. It is a bi-annual report that covers many domains of 
Dutch life. By bringing these diverse themes together, placing them in the context of the 
economic and demographic developments taking place in Dutch society and by 
describing trends over time, this report arrives at a picture of the overall life situation of 
the Dutch population. Attention is also devoted to individual groups in society, reflecting 
the fact that people’s options, opportunities and preferences in structuring their lives are 
related to their age, sex, education level, degree of disability, ethnic origin and financial 
position (Bijl et al 2012). The content of the SSN is organized as follows: first the 
demographic and economic (macro) circumstances are described, followed by an 
overview of the public opinion on important political and societal discussions. Next, 
important resources are covered by chapters about income, labour market, education and 
health. Hereafter important quality of life domains are described in chapters about social 
and political participation, use of leisure time, mobility, public safety, and housing.  Next 
is a chapter which gives an comprehensive, summarizing overview of the life situation by 
means of the SCP Life Situation Index, which combines the developments in the various 
domains. The SSN concludes with a chapter which summarizes the main findings and 
places them in the light of the nearby future. 
 
The most important target groups of the publication are the Lower House and the 
Cabinet. The report provides them with information on the social situation in the 
Netherlands. Policy makers who are already well informed can use the SSN as a 
framework in which the developments in their particular field can be placed. The SCP is 
also seeking to reach the socially interested public with this publication (Boelhouwer and 
Roes, 2004). The purpose of the SSN is to describe the social reality in the Netherlands, 
not to present a policy evaluation. That said, using register data and research results, with 
the SSN it is possible to determine whether the policy objectives formulated for the 
various social domains have been or are likely to be achieved. However, it is not always 
possible to say with certainty whether government policy has played a decisive role in 
this regard, in either a positive or negative sense; that would require a different research 
design (Bijl et al 2012).  
 
The SSN uses a 10-year period to describe the changes that have taken  place in people’s 
life situation. And because much government policy today is actually European policy, 
indicate is also how the Netherlands scores compared to its European neighbours on the 
various themes covered in the report. 
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3.1 A model based approach: relating resources, descriptive and evaluative 
indicators  
 
The description of the life situation of Dutch citizens in the SSN follows a line of 
reasoning which can be visualized via the conceptual framework in Figure 1. As noted, 
the life situation of the citizen is taken as the central theme – this is at the heart of the 
model. Citizens have individual resources to help them achieve a good life situation. In 
present-day society, the main resources are education, employment, health, and income. 
Other, individual characteristics are also important, like age, the household situation one 
lives in and his or her ethnic origin. The model is based on a causal relationship between 
resources and the life situation: the more resources at a person’s disposal, the greater their 
chance of a good life situation. The government, which is concerned with the creation of 
equal opportunities, exercises influence over the availability of such resources. It 
redistributes income and helps citizens to acquire social resources through public 
provision (Boelhouwer, 2010). 
 

 
Figure 1 : conceptual framework for the life situation, Source: Boelhouwer (2010) 
 
The social and physical settings are also important conditions for the life situation of the 
individual citizen. Socio-scientific research reveals the physical and social environment 
to be an autonomous factor affecting the life situation of the citizen either directly or 
indirectly. 
Something different from the actual situation in which people find themselves is the way 
that people rate their life situation (or elements in it) and the extent to which people are 
happy. Because quality of life is not only about the objective life situation, but also about 
the subjective evaluations, subjective wellbeing is included in the conceptual framework. 
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4. Comprehensive measure of wellbeing: the SCP Life Situation Index  
 
The Social state of the Netherlands has a broad scope: the life situation is described in 
about twelve chapters. It is hard to draw conclusions after having read the developments 
in the different chapters. Some developments might even be positive, while others are 
negative. In this respect it is helpful to have a comprehensive measure that summarizes 
the findings. SCP created such a measure in the 1970s and still uses it to give a first 
summarizing view of developments in the life situation. This measure is called the SCP 
Life Situation Index (SLI) and was created to integrate indicators about the wellbeing and 
welfare of the Dutch (see Boelhouwer, 2010 for the history and an extensive discussion 
on SLI). SLI combines indicators from eight important, individual, life domains: health, 
housing, social participation, leisure activities, sport, mobility, ownership of consumer 
durables and holidays. SLI uses key indicators: all of these domains are described in 
much more detail in the separate chapters of the SSN. 
The overriding goal of SLI is to identify social developments for the purpose of policy, 
more specifically social policy, aimed at preventing social disadvantages, and where they 
exist, to overcome them (Boelhouwer 2010). 
 
 
4.1 The construction of SLI  
 
In order to construct SLI, a relevant selection of key indicators must be made within each 
domain. The indicators of the life situation must fulfil five criteria, in addition of course 
to the usual criteria applying for indicators in general (such as measurability and 
reliability, and in addition to policy relevance). The indicators must:  

1. be interpretable in terms of positive and negative; 
2. apply to everyone; 
3. be measured at the individual level; 
4. be descriptive; 
5. be focused on output and realised wellbeing. 

Once the indicators have been decided, there are several ways of combining the 
indicators. However, all the ways of constructing an index have their downside, which 
makes it difficult to choose the ‘best’ way. A major point of discussion is whether or not 
to weight the indicators, and if so: how to? In the construction of the life situation index 
the weights are decided by statistical means, on the assumption that the indicators must 
correlate with each other and with the eventual index (i.e. the life situation). Non-linear 
canonical correlation analysis is well suited for this (see Boelhouwer 2010).  
 
Combining social indicators into a composite index offers added value above the use of 
separate indicators in several ways. For instance in terms of communication, not only 
with policy makers but also with the public. Furthermore, an index makes cumulation 
effects visible. These effects are relevant for policy making because they show the 
seriousness and the extent of social deprivation. 
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4.2 Who is better of? 

 
The life situation of the Dutch population has improved continuously in the past decades. 
Although the improvement of the life situation does not keep pace with the increase of 
the GDP, this improvement does go faster than the increase in happiness: between 1974 
and 2006, the increase in GDP was more than 210%, the life situation improved by 13%, 
while the increase in happiness was next to nil (although a high proportion – about 80% – 
reported being happy or very happy (Boelhouwer 2010).  
There are however differences in the developments of social groups in Dutch society (see 
table 1). Especially the more disadvantaged groups (like the elderly, low income groups,  
people without a job and non-Western migrants) have faced a more than average 
improvement of their life situation. Their life situation is still less good than that of the 
more advantaged groups, but the gap is getting smaller. 
 
Table 1: Life situation by resources and ethnicity, 1999-2010 (in index scores, 1997 = 
100 for the population as a whole) 

 
Source: Bijl et al (2012). 
 
Of course, these resources are related: less educated people have higher chances to be 
jobless or to earn little income. Boelhouwer (2010, p. 119) shows that the life situation is 
the least good for single persons with lower education without a job and having little 
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income. Income and education appears to be the most important resources for improving 
one’s life situation (Boelhouwer 2010). 
 
 
4.3 The usefulness of SLI for policymakers and the wider audience 

 
Results of the SCP Life Situation Index (SLI) are mainly published in the Social State of 
the Netherlands (SSN). The purpose of the SSN is not to carry out policy evaluation but 
to describe the life situation of the Dutch citizens. Where policy targets are formulated, 
SSN explore to what extent these targets have been or are likely to be achieved. There are 
however no explicit targets for the life situation as a whole. Implicitly the target most 
probably is to improve the life situation for everyone in the Netherlands. Whether or not 
this actually is a target, with SLI it is possible to tell whether life is getting better or 
worse.SLI is in the first place a descriptive instrument which is useful to identify trends 
in the life situation. Not only for the Netherlands as a whole, but for social groups in 
society too. If the overall life situation is improving, does this hold for everyone, or are 
there any groups lagging behind? SLI can thus help in keeping track of deprived groups. 
Having a composite index is helpful in this respect, because the general concept of ‘life 
situation’ is complex and multidimensional. If separate indicators are taken into 
consideration, it isn’t always clear at a glance what the state of affairs is across the board 
or what the trend is: are things all together going better or worse?  
Related to this is the communicative function of SLI: because it is a single figure, it is 
easier to attract attention than with a whole range of different indicators. A great deal of 
the press coverage about the SSN uses SLI to illustrate the improved quality of life of the 
Dutch, next to presenting specific highlights. 
 
A relatively new development is that municipalities are joining in with calculating ‘city 
life situation‘ scores for their own purposes. They want to describe the quality of life in 
the city and compare that with other cities and with the Netherlands as a whole. 
Moreover, some local governments actually set target goals for the life situation of 
specific groups, for example in the eastern part of Amsterdam, where the goal is to 
improve the life situation from 104 in 2004 to 107 in 2014 (Boelhouwer and Gilsing 
2012). 
 
 
5. Conclusion and discussion 

 
The SCP Life Situation Index relates to the individual and is based on population 
surveys. This is necessary for viewing the interconnection of the various domains at the 
personal level, in order to determine for instance whether a person is in a disadvantaged 
position on a number of domains. This provides policymakers and the wider audience  
with an insight into how people are doing and how they are faring compared to others. 
Another advantage of using survey data is that it becomes possible to combine personal 
data to obtain an insight into the social situation of groups, of cities and even of the 
Netherlands as a whole.  
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Despite the earlier mentioned positive points of indices, it should be kept in mind that 
with an index one cannot tell the whole story. Ultimately, data about individual domains 
and separate indicators remain required for the analysis of the life situation (or whichever 
other concept measured by means of an index). After all, an index consists of key 
indicators that offer only limited insight into the domain that they indicate. Besides, it is 
not always possible to find the causes of developments that are found: in many cases 
other information and other data are needed to do so. 
SLI does give a picture of the objectified wellbeing, but not of the subjective wellbeing 
(happiness and satisfaction). To get the full picture of quality of life, it is important to 
have both descriptive and evaluative information. Therefore both are included in the 
conceptual framework. Having descriptive and evaluative indicators in the same index 
together, reduces the policy relevance, as it is relevant to know whether people are 
satisfied with the situation they are living in. Besides, dissatisfaction can have very 
different determinants compared to bad conditions: confusing the causes by combining 
them makes it hard for policymakers to act. 
 
With SLI, developments of the life situation in the Netherlands can be described. There 
are however no other countries to compare the Dutch developments with. To make 
international comparisons, other data sources are needed. To track down deprived groups 
and to breakdown the results for different social groups, it would be best to use data 
collected in one survey (which differs from the approach of OECD’s Bette Life Index, for 
example). There are data-sources available, like the European Social Survey, EU-SILC. 
European Quality of Life Surveys or the European Value Surveys. It could be 
investigated whether these are suitable for constructing a wellbeing index. As the SCP 
Life Situation is a good instrument to monitor social developments in the Netherlands, it 
would be good to develop a comparable index with which European countries can be 
compared.  
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Abstract  
    

The temporal dimension is often neglected in survey designs since, in general, samples 
are drawn independently across statistical units and across time. When the information on 
the target variable Y is collected during a time interval, then it is possible to study the 
temporal pattern of the variable itself in order to improve the sampling design. Ideally, 
not only the dispersion across population units is taken into account, but also the 
variability through time and the ability of forecasting future values of the target variable 
conditional to the values observed in the past. Nowadays, NSIs make more extensive use 
of administrative data, like the VAT registry, which contain also records concerning the 
past. This historical dimension  allows to account for the variability through time of some 
auxiliary information as proxies for the target variable one.  
 
 
Keywords: Temporal variability, sample, stratification 
 
 
1. Introduction  
    

The time dimension is generally not accounted for in classical sampling theory, since the 
working hypothesis is independent samples across units and time.  

However, there are surveys for which target variables are characterized by a 
strong time dependence. The typical examples are monthly surveys for short terms 
statistics (STS), generally prices, which use a sample of firms interviewed on a regular 
basis throughout the year. This scheme corresponds to a panel of statistical units which is 
fixed during a time interval, generally a year, and might vary in the next time-frame for a 
few firms which are dropped and replaced, whilst the majority of the sample (usually 
consisting in large firms) does not change. 

In the common practice of NSIs, the sampling scheme is not reviewed so often (at 
least not on a monthly basis) also for a matter of coherence and comparability of survey 
variables. Therefore, it is often possible to construct series of observations of a target 
variable Y for each of the n sampling units i=1,…,n in the time periods t=1,…, T.  

In the classical approach to optimal sampling in the Neyman sense, the sample is 
allocated proportionally to the cross-sectional dispersion of the target variable, which 
means that the higher the standard deviation of the variable, the larger the sample size is. 
When the stratification is based on variables such as the economic size of firms, this 
implies that large firms are constantly surveyed all months through the years, with 
consequent heavy response burdens.    



When the information on the target variable Y is collected during a time interval, 
then it is possible to study the temporal pattern of the variable itself in order to improve 
the sampling design. Ideally, not only the dispersion across population units is taken into 
account, but also the variability through time and the ability of forecasting future values 
of the target variable conditional to the values observed in the past. Intuitively, the higher 
the variance in time of the target variable is, the greater the sample size needed for a fixed 
precision level of estimates. On the other hand, the higher the correlation (positive or 
negative) of present values with past values of Y is, the higher the ability to forecast the 
future and the smaller the sample size needed at a given precision of estimates. In 
particular, when dealing with stratified designs based on prices, price variation across 
units alone might not be able to capture the proper variance structure of the target 
variable, which is known to be autocorrelated, and therefore better described across the 
time dimension. This approach to  stratification and to sample allocation clearly has the 
advantage to reduce sample sizes since firms with almost zero price variations in time are 
less likely to be regularly surveyed. 

The framework we consider in what follows is the stratified sample where we 
focus on a general temporal stratification algorithm with optimal strata bounds and 
sample sizes determination à la Hidiroglou-Lavallée when discrepancies between the 
target and the auxiliary information are captured by a regression model with first order 
autocorrelated errors.    
 
 
2. Sampling design in time  
 

In what follows the working hypothesis is a dependency pattern through time of 
the population Y, which is related to some auxiliary information X through a linear 
regression equation   

 
�� = ��� + �� 

 
where i=1,…,N is the population unit index. The error �� is assumed to be a white noise 
with constant variance �	


.  
In what follows we assume that the statistical units are not cross-correlated, i.e. are 
independent, but have a specific autocorrelation structure � which varies across units 
i=1,…,N. 
In other words, the error is autocorrelated of order 1, i.e. 
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With where |�| <1, and 	�� i.i.d. white noise. Then, the variance of the process is given 

by ��0� =
��
�
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   and autocovariances ���� = ����0�,  k=1,… 

This implies that �� follows an AR(1) since 
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Therefore 
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If X does not vary in time, then the regression coefficient of the auxiliary variable 
becomes �	�1 − 	��.  However, we assume that the auxiliary variable X which is used to 
stratify the population, has the same autocorrelation structure as the target variable. 
Indeed, if X is a good proxy for the target variable Y, the autocorrelation structure should 
be the same, therefore � could be estimated using the auxiliary information X.  

Then the strategy should follows the generalized HL algorithm, but with the 
appropriate changes in the estimates of the regression model. The logic is: stratify 
considering homogenous strata in terms of variance (cross-section) and similar 
autocorrelation, with the attention that higher autocorrelation should lead to survey less, 
because of persistency. On the opposite, when units show a low persistence, then the 
variability is more due to the random error and therefore need to be sampled more often. 

When the linear model is assumed in a stratified design with Neyman allocation, it 
is shown that  
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the optimal sample size for the estimator of the total is proportional to the stratum 
variance $#	and to the persistence � of the AR process. If  � is close to 1, which means 
long memory, then the sample size should decrease because the dispersion in the stratum 
does not vary much from the previous period. On the opposite, for � is close to 0 there is 
not persistence and the sample size boils down to the classical form, as Hidiroglou and 
Lavallée (1988) shows. 

As business surveys deal with skewed populations, strata h=1,…,H are built 
grouping according to the strength of autocorrelation through time, leading to 3 strata: a 
take-all grouping the units with low autocorrelation (|ρ| ≈ 0, variability mainly due to the 
white noise), a take-0 grouping the units strongly persistent (high autocorrelation |ρ| ≈ 1), 
and those with a medium autocorrelation level which are placed in the take-some stratum.  
When stratification is performed on skewed populations, the loglinear regression model 
results a more suitable formulation of the relationship between the target and the 
auxiliary information, as pointed out by Rivest (2002). The nonlinearities implied by the 
model require more efforts on the computation of the algorithm which is part of the  
agenda for further research studies.  
  
   3. Conclusions  

 
The focus of this research is to propose a stratification algorithm for surveys repeated in 
time where the target variable shows correlation in time stronger than across individuals.  
The resulting procedure suggests larger samples when the variability across units is 
predominant on the autocorrelation, whereas when the process is characterized by strong 
persistence in time, then it is not necessary to sample the same units and therefore the 



procedure suggests smaller samples. This intuitive result is shown using a linear 
regression model, but some extensions to other models are possible. 
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Abstract  

Estimating sampling variance in cross-country surveys is, in general, a complicated task. 
Sample designs are usually different across countries and are often complex. In order to 
provide users with tools to estimate sampling variance, the Eurosystem Household 
Finance and Consumption Survey (HFCS) has implemented the rescaled bootstrap. This 
method is able to accommodate most user requirements, and is applicable to many of the 
statistics that will be produced by users, as well as to most of the sampling designs used 
in the HFCS. Nevertheless, the standard rescaled bootstrap is not appropriate for 
multistage sampling, in which the one of the stages is drawn with probabilities 
proportional to size. Moreover, often only the first sampling stage is explicitly covered by 
the standard bootstrap. We explore several extensions of the rescaled bootstrap to multi-
stage samples, including stages with probabilities proportional to size. These extensions 
strive to ease the task of the final user of the data. The replicate weights allow the data 
producer to trade off the detailed knowledge of the sample design that the user would 
need to apply linearization techniques with a large set of replicate weights. Simulations 
are used to investigate the effectiveness of the different methods. 
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1. Motivation 

Appropriate sampling variance estimation should be an imperative for researchers 
working with survey data. Variance estimation has been a very active area of research in 
the past half-century, though the practice may lag somewhat behind the theory, 
particularly among non-expert users. Additionally, variance estimation is not always 
made easy for ultimate users of the data, who then treat the data as if it had been collected 
through a simple random sample from an infinite population.  
 
There are two main difficulties with the existing tools and methods. The first one is that 
the calculation of standard errors suffers in general from the complexity of the sample 



design, and that the more complex the survey, the more difficult it is to appropriately 
reflect this in the variance estimation. Most social surveys have multistage designs, 
possibly with some stages selected with probability proportional to size (pps), and 
rotational patterns in the sample.  
 
The second general difficulty is the availability of sample design information to final 
users. In many cases the stratification and clustering reflect geographical characteristics 
(for example the regions, municipalities, urban areas, blocks) which are mostly 
suppressed from research utility files because of confidentiality issues. Information on 
strata and primary sampling units (PSU) is thus suppressed in most cases, and the 
linearization approach cannot be used. 
 
Our objective in this paper is to focus on the applicability of the replicate 
weights/bootstrap approach to pps sampling, first in the context of with-replacement 
sampling, and second in the Rao-Hartley-Cochran (1962, hereafter RHC) pps sampling 
procedure, which can be used with the Rao and Wu (1988) rescaled bootstrap. With the 
exception of Beaumont and Patak’s (2012) generalized bootstrap in the case of Poisson 
sampling, to the best of our knowledge the implication of the RHC pps sampling on the 
rescaled bootstrap weights have so far not been explicitly pointed out and put in practice. 
Section 2 describes first the standard Rao and Wu rescaled bootstrap before presenting 
pps alternatives, while section 3 describes a simulation exercise for one-stage pps 
sampling, to be extended in a revised version of this document to multistage pps. 

2. Rescaled bootstrap in stratified and pps surveys 

In this section, we first present the “standard” rescaled bootstrap as described by Rao and 
Wu (1988) in the case of stratified simple random samples. The method is then extended 
to pps sampling, first in the case of with-replacement sampling, then to Rao-Hartley-
Cochran pps sampling, and finally to multistage pps sampling. 

2.1 The Rao and Wu (1988) bootstrap 

The Eurosystem Household Finance and Consumption Network decided to use the Rao-
Wu bootstrap, known as the “rescaled bootstrap” (RSB), for the first wave of the HFCS. 
Although other bootstrap methods could have performed equally well, the RSB was 
selected because it translates well to replicate weights, is easy to setup in stratified simple 
random samples, and is used by some statistical institutes (see Girard 2009 for example). 
In addition, some recent comparisons through simulations carried out in the case of social 
surveys (e.g. Münnich et al. 2012) show that the rescaled bootstrap (with its Without-
Replacement variant) is the top performer, and the With-replacement version comes very 
close to it. 
 
The RSB was introduced by Rao and Wu (1988) but its applicability through weight 
adjustment was only noticed by Rao, Wu and Yue (1992). We describe quickly the setup 
in a stratified, one-stage survey. We consider the case of strata indexed by 1,...,h H= , 



with hN  units in each of them, out of which hn  are sampled without replacement. The 

sampling fraction is thus /h h hf n N= . To each unit ( , )h i  there is a variable of interest 

hiy  and a weight /hi h hw N n= . The total of this variable is 
1 1

hH N

hih i
Y y

= =
=∑ ∑  which is 

estimated without bias by 
1 1

ˆ hH n

hi hih i
Y w y

= =
=∑ ∑ . For the RSB, the following is done B  

times: 
1. A sample of size hm  is taken with replacement from each stratum. 

2. Writing *
hir  the number of times unit ( , )h i  is resampled, the weights are adjusted 

as follows: ( )* *1 h

h

n
hi h h hi himw r wλ λ= − +  with (1 ) / ( 1)h h h hm f nλ = − − . 

3. The bootstrap total is computed *
* 1 1
ˆ hH n

b hi hih i
Y w y

= =
=∑ ∑  

The bootstrap variance is then calculated as 21
* * *1 1

ˆ ˆ ˆ( ) ( )
B

bB b
V Y Y Y− =

= −∑ , where *̂Y  is the 

mean of the bootstrap total over all B iterations. 

2.2 Extension of the RSB to probability-proportional-to-size sampling 

While the RSB has shown its usefulness in several practical cases, its applicability in the 
context of the general surveys needed to be studied further. The case of multistage 
samples, with (stratified) simple random sampling in each stage, has been developed by 
Preston (2009) in the case of without-replacement-bootstrap, and extended to with-
replacement-bootstrap in Osiewicz and Perez-Duarte (2012). 
 
A remaining issue is the case of probability proportional to size sampling (hereafter pps),1 
and more particularly in the case of the HFCS, multistage samples where the first stage is 
drawn with unequal probabilities, as is often the case in household surveys, where the 
first stratification level is at the district/municipality level, and simple random sampling 
(or systematic sampling) is carried out in each primary sampling unit. 
 
The literature on pps sampling is too wide to be summarized here. While the framework 
offered by the Horvitz-Thompson estimator and the corresponding variance estimator 
(either the Horvitz-Thompson one or the Sen-Yates-Grundy version) is conceptually 
pleasing, in practice pps sampling is difficult to implement with fixed-size samples while 
respecting a few desirable properties, except when drawing one or two units by stratum. 
 
We first consider the simple case of with-replacement pps sampling, as this type of 
sampling has a very simple analog in terms of replicate weights.  

2.2.1 RSB with with-replacement pps sampling 
In this simplest scenario, units are sampled with pps, with replacement (hereafter SIR 
PPS). Although more sophisticated forms of sampling will tend to be used in practice, we 
believe that when the sampling fraction is low (under unequal probability sampling, this 

                                                 
1 We will not make an explicit difference in the writing between πps [implying without replacement] and 
pps [with replacement]. 



could be taken to be the highest probability; in that case the probability of selecting one 
unit more than once is limited) the approach should give sensible results. 
 
We let 1,..., Np p  the probabilities of selecting each of the elements in the population (for 

example, 
1

N

k k ii
p x x

=
= ∑ , where x is the “size”). We draw n units with replacement, 

with the given probabilities. Some units may be sampled more than once; in that case 
they are kept separate and a different index ik  is used, 1,...i n= .  

An estimator of the total of the variable y is 1
1

ˆ ki

ki

n y

n pi
Y

=
= ∑ . This is called the pwr 

estimator in Särndal, Swensson and Wretman (1992). Its variance is given by: 

 
2 2

2

1 1

1 1ˆ( )
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k

k kk k
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V Y p Y Y

n p n p= =

   
= − = −   

   
∑ ∑ , (1) 

which is estimated without bias by  
2

1

1 1ˆ ˆ ˆ( )
1

i

i

n
k

i k

y
V Y Y

n n p=

 
= −  −  

∑ .  (2) 

Since the 
iky  are i.i.d., the bootstrap is applicable, and just needs to be adapted to take 

into account the sampling. We therefore resample with replacement and equal 
probabilities m units * *

1 ,..., my y , along with their initial selection probabilities * *
1 ,..., mp p . 

We code this in a framework with weights. 
 

By setting 1
kk n pw =  we can write the estimator of the total 

1
ˆ

i i

n

k ki
Y w y

=
=∑ . Then the 

bootstrap estimate is * * *

1
ˆ m

i ii
Y w y

=
=∑ . With the same rescaling as in the Rao-Wu 

bootstrap above, we get the correct variance when the bootstrap weights are: 

( )* *1 n
i i imw r wλ λ= − + , with ( )1/2

1
m

nλ −= ,   (3) 

and *
ir  is the number of times that unit i  was resampled.  

 
The question of the optimal m  is open; similarly to the stratified simple random 
sampling, the choice of 1m n= −  is natural. The rescaled weights are then always 
positive and the formula simplifies to * *

1
n

k k knw r w−= .  

2.2.2 Extension of with-replacement pps to multistage samples 
In the case of multistage samples, when the first sampling stage is with replacement pps, 
there is a very useful extension of the previous results, as described in Särndal, Swensson 
and Wretman (1992). Under some conditions on how the with-replacement sampling is 
done,2 the only thing that matters is that it is possible to estimate a total ̂it  from each 

                                                 
2 Namely: (i) the sampling in stages 2 and onwards is invariant, i.e. the subsampling of a particular unit is 
always the same one and independent; (ii) if a PSU is sampled more than once, it is independently sub-
sampled as many times as it is drawn. 



PSU, and that the variance coming from the subsampling can be expressed as iV . Then 

the variance of ̂t  is: 
2

1 1

1 1ˆ( )
N N

k k
k

k kk k

t V
V t p t

n p n p= =

 
= − + 

 
∑ ∑ . (4) 

The standard unbiased estimator of this variance has a particularly simple expression, 
with the variance of the second and later stages only entering through the first stage 
totals: 

2

1

ˆ1 1ˆ ˆ ˆ( )
1

n
i

i i

t
V t t

n n p=

 
= − −  

∑ . (5) 

In with-replacement pps sampling, the second and following stages enter the variance 
formula only through the PSU totals. In terms of replicate weights, it is possible to 
resample the first stage only and construct the weights as before, or to also resample the 
second stage and construct replicate weights consistent with both sampling stages. 

2.3 The Rao-Hartley-Cochran pps sampling 

Rao, Hartley and Cochran (1962, hereafter RHC) proposed a method which ensured 
without-replacement pps sampling; however, this loses the strict proportionality between 
the size of the units and their inclusion probability.  
 
To do this, we partition the population at random in n  groups of sizes 1,..., nN N . Then 

we draw one unit from each group, with probability of selecting a unit proportional to p  
inside each group.  

Set k i
i groupk

P p
∈

= ∑ , then the estimator of the total is 
1 1

ˆ
/

n n
k k

k
k kk k k

y y
Y P

p P p= =

= =∑ ∑ . It is 

unbiased, and its variance is 
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=
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The first factor in the variance above is the reduction compared to the with-replacement 
pps of equation (1). Variance is reduced overall if the groups can be made of identical 
sizes. The second factor is the variance of a with-replacement pps sample, as shown in 
the previous section. This variance can be estimated by  

( )
( )

2 2
1

2 2
1

1

ˆ ˆ ˆ( )

n
nkk k

kn
k kkk

N N y
V Y P Y

pN N

=

=
=

−   
 = −  −   

∑
∑

∑
. (7) 

2.3.1 The Rao-Wu resampling for the Rao-Hartley-Cochran approach 

The idea is to resample m elements (with replacement) with probabilities kP  (the one 

attached to the group) in step 1 of the RSB procedure described above.  
 



Theorem 1: The bootstrap estimator of the Rao-Wu resampling for Rao-Hartley-
Cochran pps samples is: 

( )* 1/2 1/2 *

1

ˆ 1
m

k
k k

k k

y
Y m P m r

p
µ µ −

=

= − +∑ , with ( ) ( )2 2 2 2

1 1

n n

k kk k
N N N Nµ

= =
= − −∑ ∑ . (8) 

This can be rewritten in terms of weights, by setting /k k kw P p= , so that the replicate 

weights are ( )* 1/2 1/2 *1 /k k k kw m m r P wµ µ −= − + . 

The choice of 1m n= −  ensures positive replicate weights, as long as the units are 
partitioned in groups of approximately equal size. However, the question is open whether 
this is the best choice, or if a factor depending on µ  or the distribution of kP  would not 

match better the higher moments of the estimator. This is left for future research. 

2.3.2 Rao-Wu rescaling for multistage pps samples 
The formula above can be extended to cover two-stage samples, where the first stage is 
(potentially stratified) pps with the Rao-Hartley-Cochran procedure, and the second is 
(potentially stratified) simple random sampling without replacement. Then variance is 
estimated through the formula: 

2
2

2 2

1 1

ˆ 1 1ˆ ˆ ˆ( )
n n

k k
k k k

k kk k k k

Y N
V Y P Y P s

p p n N
µ

= =

   
= − + −   

  
∑ ∑  (9) 

where µ  is defined as in (8), kN  is the number of SSUs in PSU k , kn  is the number of 

SSUs sampled in that PSU, k̂Y  is the total of y in PSU k  and 2
ks  is the sample variance 

of y in PSU k .  
 
Theorem 2: The Rao-Wu bootstrapping procedure for Rao-Wu rescaled bootstrap for 
multistage samples, with a RHC pps first stage and SRS second stage, is as follows: 
 

1. Resample m PSUs (with replacement) with probabilities kP  

2. In each PSU k  resampled (and independently each time a PSU was resampled 
more than once), sample with replacement km  SSUs. 

3. Writing *
kr  the number of times the PSU k  is resampled, and *

kir  the number of 

times the SSU i  in PSU k  is resampled, the weights are adjusted as follows:  

* * * *1 1
1 k

ki k k k k ki ki
k kk k

n
w r r r w

mP mmP mP

λλ λ λ
 

= − + − + 
 
 

  (10) 

with 2 mλ µ= , (1 ) / ( 1) /k k k k k km f p n Pλ = − − , and where /h k kf n N=  is the 

sampling fraction in PSU k .  
 



The parallel of replicate weight (10) with both the replicate weight formula for RHC 
sampling (8) and the standard Rao-Wu rescaling bootstrap in section 2.1 is worth 
mentioning.3 

3. Simulation 

A numerical simulation exercise is carried out on the NUTS3 geographical level available 
through European statistics (Nomenclature of Units for Territorial Statistics). There are 
1462 such regions available in Eurostat, covering the European Union as well as 
candidate, acceding, and EFTA countries.4 The size of these regions ranges from 13km² 
(Melilla) to over 100,000km² (Norrbotten County in Sweden; Iceland excluding the 
capital), and these regions cover each from 10,500 (one of the Canary Islands) to 13 
million inhabitants (province of Istanbul). 
 
The variables of interest are: total population, total female population, number of births 
and deaths, total area, and death rate. Total population is highly correlated with the 
number of women, and is also correlated with the number of births and deaths, while the 
correlation is lower with the total area and even lower for the death rate (see Figure 1). 
 
The size variable is total population, and n  units are drawn (with n  equal to 50, 100 or 
200), once with with-replacement pps, and once according to the RHC pps sampling 
scheme. 500 replicate weights are computed, and variance is computed for the total, the 
mean, and the 10th, 50th, and 90th percentiles. This is repeated 5,000 times. Empirical 
variances for these estimators are computed by repeating the sampling 500,000 times. 
 
The accuracy of the bootstrap variance estimators in the two sampling scenarios was 
assessed based on the relative bias (RB) and the relative root mean square error 
(RRMSE) according to the following formulas:  
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One difficulty is obtaining a good estimate of ˆ ˆ( )Var Y . Initial investigations show that 
RHC pps sampling has a larger variance of the variance, i.e. the variance of the total 
through repeated samples is poorly estimated, and would require a larger number of 
iterations. Tables 1 and 2 below show the relative bias and the relative RMSE for the 
totals, as in that estimator the true variance of the total is available through formula (6). 
 

                                                 
3 If an equal probability sample was implemented through the RHC sampling scheme, with /N n R=  an 

integer, then 1/kp N= , 1/kP n= , and formula (10) simplifies to the two-stage rescaling bootstrap as in 

Osiewicz and Perez-Duarte (2012). 
4 These statistics were downloaded from Eurostat’s website, and are the demo_r_d3area, demo_r_d3natmo, 
and demo_r_d3avg databases. http://epp.eurostat.ec.europa.eu/portal/page/portal/population/data/database. 
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Figure 1: Matrix scatter plot of the variables of interest 

 
Both sampling schemes show little relative bias of the total (Table 1 and Table 3). This is 
not surprising, as the bootstrap estimators are unbiased. The bias shown is the results of 
the randomness of the bootstrap variance estimators, which has two sources: the initial 
sampling and the bootstrap itself. The number of replicate weights (500 in the simulations 
below) could be increased, at the expense of additional computational time.  
Nevertheless, some variance estimators, such as for total area, are highly skewed, as the 
presence of a few outliers complicates the convergence of the central limit theorem. 
 
As expected, relative RMSEs are low when the variable of interest is correlated with the 
size variable (total population), e.g. female population or number of births (Table 2 and 
Table 4). With uncorrelated variables (e.g. birth and death rates), the RMSEs are higher, 
and are highest for the total area, which suffers from some outlying values. Comparing 
the with-replacement pps with RHC pps, the RRMSEs are of similar magnitude, and are 
slightly lower for RHC. With higher sampling fraction, the advantage of the without-
replacement RHC shows off compared to the with-replacement pps sampling. In line with 
the theory and equation (6), the variance is lower with RHC sampling; the larger the 
sample size, the bigger the gain. Interestingly, the magnitude of the gain translates in a 
similar way to non-linear estimators, e.g. the median or the first decile.  

4. Conclusion 

In this paper we extended the rescaled bootstrap to multistage samples where the first 
stage follows the Rao-Hartley-Cochran pps sampling. Due to its implementation in terms 
of replicate weights, this approach is transparent to users, since only the widely-
implemented use of replicate weights is needed. Extensions to other pps sampling 
methods would increase the applicability of the method. 



Table 1: Relative bias for the estimate of the variance of the total 

pps with replacement Rao Hartley Cochran pps 

Sample size Sample size 

  50 100 200   50 100 200 

Area 4.5% 0.1% -1.2% 1.2% -1.7% -2.7% 

Birth rate -0.8% 1.8% -0.1% -1.4% 0.8% -1.6% 

Death rate -0.6% 1.2% 0.4% -1.3% 0.1% 1.1% 

Female population 0.0% 0.5% 0.0% -0.1% -0.1% -0.2% 

Male population 0.0% 0.5% -0.1% -0.1% -0.1% 0.1% 

Births -0.3% 0.2% 0.0% 0.0% -0.3% 0.2% 

Deaths -0.3% 0.4% 0.3% 0.1% 0.3% 1.0% 
 

Table 2: Relative root mean square error for the estimate of the variance of the total 

  pps with replacement   Rao Hartley Cochran pps 

Sample size Sample size 

  50 100 200   50 100 200 

Area 301% 207% 146% 290% 201% 131% 

Birth rate 99% 80% 53% 96% 74% 49% 

Death rate 83% 60% 43% 78% 57% 41% 

Female population 30% 22% 16% 30% 21% 15% 

Male population 30% 22% 16% 30% 21% 15% 

Births 46% 33% 24% 46% 31% 22% 

Deaths 23% 17% 13% 24% 17% 12% 

 
Table 3: Relative bias for the estimate of the variance of the median 

pps with replacement Rao Hartley Cochran pps 

Sample size Sample size 

  50 100 200   50 100 200 

Area 17.2% 19.8% 14.9% 20.3% 19.4% 15.0% 

Birth rate 3.3% 4.9% 2.6% 4.9% 4.6% 4.9% 

Death rate 18.9% 20.7% 12.5% 19.1% 17.0% 15.0% 

Female population 14.9% 14.0% 9.6% 17.6% 13.4% 10.2% 

Male population 16.1% 15.1% 9.4% 19.0% 14.3% 10.3% 

Births 17.3% 12.0% 7.0% 19.5% 12.0% 10.1% 

Deaths 11.5% 12.4% 9.2% 13.5% 12.1% 9.0% 
 



Table 4: Relative root mean square error for the estimate of the variance of the median 

  pps with replacement   Rao Hartley Cochran pps 

Sample size   Sample size 

  50 100 200   50 100 200 

Area 89% 84% 67% 94% 82% 65% 

Birth rate 73% 83% 119% 71% 84% 135% 

Death rate 107% 131% 194% 108% 129% 227% 

Female population 75% 65% 52% 79% 63% 50% 

Male population 77% 66% 52% 80% 64% 50% 

Births 79% 64% 54% 83% 63% 56% 

Deaths 76% 66% 52% 80% 64% 50% 
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Figure 2: Box plot of the relative variance. (a) Totals; (b) Medians 
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Figure 3: Box plot of the relative variance of the 10th percentile, over different variables and sample 

sizes 
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Abstract 
 
 
Household travel surveys aim at reaching as many households as possible to collect data 
about the travel behavior of the persons living in that household. For this purpose it is 
essential to choose the right survey method for each person group. While conducting a 
multi-day household survey in the Greater Stuttgart Region, three different survey 
methods – paper pencil interview (PAPI), computer assisted telephone interview (CATI) 
and computer assisted web interview (CAWI) – were used and their impacts were 
analyzed. The different survey methods show some significant differences in responses 
and results for different groups. Younger persons prefer the CAWI method, while the 
CATI method generates higher response rates from older persons. Implicitly this leads to 
different results from the different methods. When summarizing the results of the CATI 
and CAWI methods, the overall results largely compare to the results gained from the 
PAPI method. Stand-alone results from the CAWI and CATI methods however show 
significant differences. 
 
 
Keywords: paper-pencil-interview, web-interview, telephone-interview  
 
 
1. The Study 
 
The study was commissioned by the Association of the Stuttgart Region in order to gain 
data for transport planning purposes. To achieve this, a macroscopic model and a 
microscopic multi-agent model were designed for the Region of Stuttgart. Input data for 
both models were gained through empirical household travel surveys within the Region 
of Stuttgart. The Region of Stuttgart covers six administrative counties with a total of 
about 2.7 million of inhabitants. 
 
1.1. Household travel survey 
 
The sample size of the household travel survey was 5,500 households. Participants were 
asked to record all trips made in the course of one week including departure and arrival 



times, trip length in kilometers, trip purpose and modes used. The survey was carried out 
as a multi-day survey in order to gather information about the variability and stability of 
travel behavior and to use this data as basis for modeling. Three different survey methods 
were used to increase quality and effectiveness of the survey. The paper and pencil 
interview (PAPI) is the most commonly used method for longitudinal household travel 
surveys in Germany. It is time tested and its impacts have been widely analyzed 
(Vortisch et al. 2012, Chlond et al. 2002). In addition to the PAPI method, we also used 
computer assisted telephone interview (CATI) and computer assisted web interview 
(CAWI) methods for this survey. In Germany, both survey methods have been used 
mainly for one-day cross-sectional surveys. It was thus a new approach to use these 
methods for multi-day survey in the Region of Stuttgart. Below, all three survey methods 
will be explained more in detail. The participants were drawn randomly from municipal 
statistics of inhabitants, trying also to investigate a phone number for each household 
drawn. In this article, the impacts of the different survey methods on response and results 
will be examined. For more information on the recruitment process of the sample see 
Kagerbauer et al. (2011). 
 
1.2. PAPI 
 
For the PAPI method, questionnaires for the household and the persons living in that 
household as well as the trip diaries are sent by mail to the participants together with 
information leaflet what to do. The participants complete the questionnaires on their own 
and return them to the field work institute in a postage paid envelope. The questionnaires 
are then encoded and checked for plausibility, so that the data can be evaluated. 
This method leaves the participants more or less on their own while completing the 
survey. While they have the possibility to call a hotline, this is usually made very little 
use of. The data is checked and, if necessary, corrected only after the survey is 
completed. It is however difficult to correct any mistakes such as missing trips, as the 
data is usually too incomplete. It is not possible to check with the participants. Also, the 
time required from the field work institute for encoding and plausibility checking is very 
high. The advantage of this method is that the participants can fill in the questionnaires 
whenever they have the time and energy to do so. 
 
 
1.3. CATI 
 
In a computer assisted telephone interview (CATI) all relevant documents for the survey 
are also sent to the participants by mail in advance. The documents also include a 
declaration of data protection, a description of the survey and so-called memory joggers 
to help participants to take notes about their trips during their reporting days. Participants 
are called by phone every two or three days. On the first call household data and data for 
the persons living in that household are recorded, while in the following calls data on 
trips made during the past days is recorded. The data is entered into the database during 
the telephone call and is automatically checked for plausibility. 
An advantage for this method is that unclear information can be verified immediately 
with the participant and the mistakes can be corrected. Thus the time requirements for 



encoding and plausibility checking are relatively small for the field work institute. There 
are however limitations to the amount of data being recorded, because a phone interview 
should not exceed a certain amount of time. Usually a CATI survey includes less 
questions than a PAPI survey. A disadvantage for the participants is that they have to be 
ready to conduct the interview when the institution conducting the survey calls. Often, 
several attempts to call are necessary when participants do not answer the phone. 
 
 
1.4. CAWI 
 
For the web-based survey the participants receive an announcement and basic 
information about the survey as well as login data to access the survey documents online. 
On the website all necessary questionnaires (for the household, the persons living in the 
household and the trip diaries) are on file. Participants can enter their answers and trips as 
they go along. 
The web software transfers the data into a database, encoding them immediately. 
Routines in the software plausibility check the data while the participant is entering them, 
giving error messages or pop-up explanations in case of mistakes, so that participants can 
correct them right away. If mistakes are identified later on, participants can be asked 
online later on to verify their entries, if necessary. Similar to the PAPI method, there is no 
direct support offered to the participant while completing the survey. Also they can fill in 
the questionnaires whenever they have time. Data quality is however inferior to the 
quality of data received by PAPI surveys, because there are more drop-outs and 
incoherent data entries in CAWI surveys. In fact only about 40% of households willing to 
participate in the survey provide usable data, in comparison to over 60% of usable 
datasets gained from both the PAPI and the CATI method. A disadvantage which will 
lose significance over time is the necessity to have an internet connection. Mainly 
households with older persons tend to have less internet access. 
 
 
2. Impacts and results of the different survey methods 
 
The sample size of the survey in the Stuttgart Region was 5,500 households. 1,000 
households received the PAPI questionnaires, while the remaining 4,500 households were 
asked to choose between the CATI and the CAWI method. Ultimately the method chosen 
was more or less evenly distributed, so that about 2,250 households used each of the two 
methods. 
The following tables show differences in household, person group and trip characteristics 
for the different survey methods. Comparing the results of the PAPI method with the 
results of the other survey methods, as well as the overall results of all methods 
combined, makes clear that the PAPI method reflects the overall results quite well. 
However the time required for and thus the costs resulting from the PAPI method are 
significantly higher than for the CATI and CAWI method. A combination of results 
gained from CATI and CAWI method are to a large extent comparable to results gained 
from the PAPI method alone. Table 1 shows the household characteristics of the 
households participating in the different survey methods: 



Table 1: Attributs of the surveyed households 

CATI CAWI CATI+CAWI PAPI
ALL 

(CATI+CAWI+PAPI)

Single household 7.1% 12.2% 9.7% 8.0% 9.4%

Couple household without children 11.2% 22.0% 16.7% 20.0% 17.3%

Family or single parent household with children < 19 years 19.6% 33.9% 26.8% 25.5% 26.5%

Senior household 49.7% 17.5% 33.5% 28.2% 32.4%

Multi-person-household without children < 19 years  12.5% 14.4% 13.4% 16.8% 14.1%

No classification 0.0% 0.0% 0.0% 1.6% 0.3%

Car ownership CATI CAWI CATI+CAWI PAPI ALL 

No car 14.1% 7.2% 10.6% 4.8% 9.5%

One car 55.7% 48.3% 52.0% 49.5% 51.5%

Two and more car 30.2% 44.5% 37.4% 44.3% 38.8%

Not specified 0.0% 0.0% 0.0% 1.4% 0.3%

Types of households
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In the CATI method participants are often households with older persons without cars or 
with „only“ one car. Contrarily, participants in the CAWI method are often households 
with single persons, couples without children or “younger” households with children 19 
years and younger and slightly more than average car ownership. Senior households are 
hard to reach with the CAWI method. The reason is that older persons often do not have 
internet access in their households and are not very experienced in dealing with this 
medium. This is however likely to change over time, as more and more people in all age 
groups become familiar with the internet.  
The characteristics of the person groups participating in the different surveys are similar 
(see Table 2) 
 
Table 2: Attributs of the surveyed persons 

CATI CAWI CATI+CAWI PAPI
ALL 

(CATI+CAWI+PAPI)

0 to 18 years 20.3% 27.2% 24.0% 23.6% 23.9%

19 to 34 years 8.7% 15.6% 12.5% 11.3% 12.2%

35 to 64 years 38.3% 46.5% 42.7% 46.7% 43.5%

65 years and older 32.7% 10.7% 20.8% 17.5% 20.1%

Not specified 0.0% 0.0% 0.0% 1.0% 0.2%

Profession CATI CAWI CATI+CAWI PAPI ALL 

Fully working 22.2% 32.8% 28.0% 29.2% 28.2%

Partly working 10.8% 13.6% 12.3% 14.1% 12.7%

Not working/ jobless 6.2% 7.7% 7.0% 7.6% 7.1%

In education 18.8% 23.9% 21.6% 23.9% 22.1%

Retired person 35.9% 11.9% 22.9% 19.5% 22.2%

Not specified 6.1% 10.1% 8.3% 5.8% 7.8%

Age

Stuttgart Region Survey 2009

 
 
Young persons aged between 19 and 34 years as well as the age group 35 to 64 years are 
highly represented in CAWI method. Mostly these are persons active in their professional 
life or pursuing an education. Older persons or persons in retirement are underrepresented 
in the CAWI method. 
The CATI method shows the opposite picture. Younger persons, working or studying are 
underrepresented while there is a very high proportion of an elderly retired person.  
A reason for this may be that younger, professional persons are harder to reach by phone 
and the CATI method includes a number of phone calls. Also, many of these persons do 
not have a landline phone number. The life spheres of younger persons make it easier for 



them to answer questions via internet than in a phone interview. Older persons however 
tend to spend more time at home and can be reached on the (landline) phone. 
 
Table 3 shows the differences between the three survey methods on the level of trip 
characteristics. The different results can be explained by the different characteristics of 
the person groups participating. 
 
Table 3: Attributs of the surveyed trips 

CATI CAWI CATI+CAWI PAPI
ALL 

(CATI+CAWI+PAPI)

Trip makers [%] 84% 87% 86% 90% 87%

Trips per person and day [no] 3.0 3.1 3.0 3.1 3.0

Kilometers per person and day [km] 29.5 34.9 32.3 35.3 32.9

Minutes per person and day [min] 74 77 76 72 75

Average speed [km/h] 24.1 27.0 25.7 29.4 26.4

Average trip length 9.9 11.4 10.7 11.2 10.8

Modal split CATI CAWI CATI+CAWI PAPI ALL 

Foot 27.6% 22.9% 25.0% 22.3% 24.5%

Bike 4.3% 5.5% 4.9% 4.6% 4.9%

Motorcycle and car as driver 42.6% 44.1% 43.5% 47.2% 44.1%

Car as passenger 13.8% 13.4% 13.6% 13.2% 13.5%

Public Transport (Bus, rapid transit) 10.5% 12.3% 11.4% 10.6% 11.3%

Railway 1.1% 1.6% 1.4% 1.8% 1.5%

Others 0.1% 0.2% 0.2% 0.3% 0.2%

Trip purpose CATI CAWI CATI+CAWI PAPI ALL 

Work 7.7% 11.6% 9.8% 10.3% 9.9%

Buisiness trips 1.2% 2.1% 1.7% 2.4% 1.8%

Education 3.7% 5.1% 4.5% 3.9% 4.4%

Leisure 18.5% 16.1% 17.2% 15.8% 16.9%

Shopping 11.6% 9.5% 10.4% 9.9% 10.3%

Visitation 12.5% 9.9% 11.1% 11.8% 11.2%

Service 4.3% 4.8% 4.6% 4.6% 4.6%

Others 0.2% 0.5% 0.4% 0.8% 0.5%

Back home 40.3% 40.4% 40.4% 40.5% 40.4%

Mobility key figures
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While the number of trips is similar in all three methods, trip lengths and speed of trips 
for persons using the CAWI method are higher than for the CATI method, which points 
to younger, more mobile, working persons in the CAWI participant group. The most 
significant differences between the three methods for each of the mobility key figures are 
shown in italics.  
Participants in the CATI method walk more, while a higher share of participants in the 
CAWI method travel by car or public transport. This can also be explained by the person 
and household characteristics of the person groups participating in the different surveys. 
There are no significant differences in the trip purposes. 
 
 
3. Conclusions and Outlook 
 
The three survey methods of the Stuttgart survey leads to different participant rates in 
relevant age groups of the population. While the PAPI method seems to lead to 
comparable response rates in all parts of the population the CAWI method seem not to fit 



the needs of all older persons. Therefore the participation rates of this group is 
significantly lower than in the other survey methods and key figures on mobility show 
different results. On the hand the CATI method is not suitable to the majority of young 
people, which has also a significant impact on response rates and key figures on mobility. 
It can be expected, that the acceptability of CAWI will rise in the next decades while the 
usefulness on CATI will decrease in the same extend. This result is dedicated to the 
effect, that share of persons which is common in the use of web-applications will rise in 
all age-groups but specifically in the older parts of the population due to cohort effects. 
Nowadays a combined survey using CAWI and CATI leads to nearly the same results as 
a PAPI survey. But it is necessary that the participants are allowed to use the survey 
design which fits best their specific needs. 
These findings suggest also that it is currently not advisable to conduct CAWI or CATI 
surveys as stand-alone method for a survey in Germany, as some person groups would be 
underrepresented in each of the two methods. Retired and older persons are 
underrepresented in the CAWI method, while younger professional persons are 
underrepresented in the CATI method. The PAPI method results in a good representation 
of all person groups, but it is not only time consuming and costly but also a little out-
dated. For surveys conducted today it is advisable to use a combination of CATI and 
CAWI method. The survey conducted in the Stuttgart region showed that persons given 
the choice between the two methods would chose each method with about 50% 
probability. It would however have to be verified if this is the case for other surveys as 
well. If the share for each method is not 50%, this would result in uneven distributions in 
the data received.  
Furthermore, technical advancements might bring forth other survey methods in the near 
future. Surveys via Smartphone or GPS are gaining importance. It is however to be 
expected that these methods would, similar to the CAWI method, be used mainly by 
technically interested participants (younger professional and more male persons). This 
would need to be verified in further studies. 
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Abstract  
   
In the recent increased interest for integration of different sources, the effect of this 
process on the subsequent analyses is sometimes disregarded. However, linkage is not 
error free and linkage errors, as false links e missed links, can invalidate standard 
statistical procedures. Ignoring the probabilistic nature of integration procedure will 
generally lead to biased estimates. This paper focuses on a proper methodological 
framework to exploit linked data, with application to the Italian integrated system on the 
outcome of pregnancy. This is a complex project, involving several sources of different 
quality, where the probabilistic nature of the linkage procedure is particularly relevant 
due to the non-availability of strong identifying variables. Coverage problem has been 
firstly tackled, and analyses of relationships between variables obtained from different 
sources have been considered as well. Remarks on relevant issues in practical contexts of 
the linkage and regression model assumptions are highlighted.  
 
 
Keywords: probabilistic record linkage, contingency table, measurement error  

 
 
1. Background  
 
In these years, integration of data coming both from statistical survey and administrative 
archives has turned to a priority for official statistics. The exploitation of huge amount of 
administrative data, available without further costs for collectors and respondents, allows 
improving the quantity and quality of information, as well as the analysis efficiency. This 
results in a great attention to data integration methodologies and techniques. The 
common nature of the integration needs strongly encouraged the establishment of ESSnet 
projects. In December 2006, the “Integration of Survey and Administrative Data” 
(http://www.essnet-portal.eu/finished-projects/isad-finished) started with the aims of 
promoting knowledge and application of methodologies for the joint use of existing data 
sources (both administrative and statistical) in the production of official statistics. 
Afterwards, in 2009 started the two years Data Integration ESSnet (http://www.essnet-
portal.eu/di/data-integration) with focus on methodologies for data integration (Record 
Linkage, Statistical Matching, Micro integration Processing) and on statistical aspects to 
be considered to make those methods concretely applicable by NSIs.  
Record linkage techniques are a multidisciplinary set of methods and practices with the 
main purpose of accurately recognize the same real world entity at individual micro level, 



even when differently stored in sources of various type. There are different purposes to 
perform a record linkage project; in official statistics, record linkage applications include: 
enriching and updating the information stored in sources; eliminating duplicates within a 
data frame; creating sampling lists; improving the data quality of a source; estimating the 
number of units in a population by capture-recapture methods; assessing the disclosure 
risk when releasing micro data files; analysing the relationship between variables 
reported in different sources.  
The increasing attention devoted to data integration procedures has turned to a strong 
incentive to the investigation of new methodologies and instruments to deal with record 
linkage projects. Probabilistic methods, that basically follow the classical approach to 
record linkage theory due to Fellegi and Sunter (1969), are now well established (see 
Herzog, Scheuren and Winkler 2007 and Winkler 2005). Moreover, in a proliferation of 
software and tools to face with linkage problems: BigMatch (Yancey, 2007); GRLS  
(Fair, 2001); Febrl (http://www.sourceforge.net/projects/febrl); Link Plus 
(http://www.cdc.gov/cancer/npcr/tools/registryplus/lp.htm); Tailor (Elfeky et al. 2002), to 
restrict the view only to official statistics; just few computer packages implement  
probabilistic methods (e.g. RELAIS, 2011).  
In this stimulating context of growing interest to the integration of administrative data for 
statistical purpose, the effect of the integration procedure on the subsequent analyses is 
sometimes disregarded. One has to consider that record linkage is not the objective itself, 
but it is a preliminary instrument for a wide and various set of subsequent applications 
and so opens challenging opportunities for new statistical output and analysis. Statistical 
analysis based on linked data has to take into account that results can be affected by 
linkage errors: false links e missed links can invalidate standard statistical procedures. 
The standard statistical analysis on linked data, i.e. treating a linked file as if it was 
perfectly linked and ignoring the integration procedure applied to create the file, will 
generally lead to biased estimates, increased variability and misreported relationship 
among variables. 
This paper focuses on a proper methodological framework to exploit linked data in the 
context of the Italian integrated system on the outcome of pregnancy. This is a complex 
linkage project, involving several sources of different quality, where the probabilistic 
nature of the linkage procedure is particularly relevant due to the non-availability, for 
privacy issues, of strong identifying variables. Firstly, single source coverage problem 
has been tackled, afterward, analyses of relationships between variables obtained from 
different sources have been considered, as well. Relevant issues for application in 
practical contexts such as validity of the linkage and regression model assumptions are 
highlighted.  
 
 
2. The integrated system on the outcome of pregnancy 
 
The Italian National Statistical Institute (Istat) is currently working on an ambitious 
integration project that aims at building up the system on the outcomes of pregnancy. The 
need of a complete but detailed framework on this topic has emerged several times in the 
last decades. Actually, from the end of ’90s, deep changes occurred in the regulation on 
administrative data collection to meet users needs on simplification and privacy issues. 



These revisions put an end to the jointly collection of data on socio-demographic and 
medical aspects on births. Hence, now, an integration procedure is needed to achieve an 
overall and comprehensive overview on this complex phenomenon. In the last few years, 
this integration has been made possible by the enough quality and coverage of the 
information reported by the several involved data sources.  
The proposed integrated system is composed by: 

- sanitary data from certificates of birth assistance - CEDAP- and from hospital 
admission forms – SDO-, distinguishing, where possible, between births, 
newborns, stillborns, miscarriage, voluntary abortions, which are managed by 
the Ministry of Health;  

- administrative data, i.e. the population register for newborns, managed by the 
Municipalities; 

- Istat surveys on miscarriage and voluntary abortions. 
This system will permit to calculate and disseminate the main indicators on 
characteristics of childbearing women, care of women and babies during pregnancy and 
postpartum period, mothers’ health and babies’ health. In particular, it will be possible to 
analyze the mode of delivery, the very preterm births, the multiple births, the birthweight 
distribution, the gestational age distribution and their main relationships and determinants 
(marital status, citizenship, educational level, working condition). 
The integration is not straightforward: for confidentiality reasons, the variables for 
personal identification, as tax code, name and surname, complete date of birth, are not 
available to Istat. However, the incentive to the integrated system is too important in 
order to cover the knowledge gap in each single data source and, on the other hand 
promisingly, the conducted feasibility studies have provided encouraging results on the 
possibility to apply probabilistic record linkage techniques on these sources and on the 
quality of the results of the experimented linkage procedure. The linking experiments 
were carried out by means of the open source toolkit RELAIS, that decomposes the 
whole record linkage problem in its constituting phases and proposes a collection of 
techniques for each phase. Phases can be omitted and/or iterated, combining different 
techniques, so that the record linkage process can be dynamically built on the basis of the 
actual requirements of the application at hand. For the integrated system on the outcome 
of pregnancy, the RELAIS module that applies the probabilistic approach based on the 
Fellegi and Sunter proposal was exploited, under the conditional independence 
assumption the estimation of the parameters of the loglinear model with latent class is 
performed via the EM algorithm on the basis of all the real data at hand. Among the 
output of the estimation phase, the evaluation of the probability of correct linkage is 
provided for each pair, whereas an estimate of the missed links rate is available at overall 
level. Finally, it is important to underline that, with respect to the development of ad hoc 
procedures, the use of the RELAIS software guarantees the repeatability of the linkage 
process and the comparability of results.  
 
 
3. Methodologies for statistical analyses on linked data 
 
The huge accomplished effort to linking data is not the final aim of the statistical work. 
However, whatever is the statistical analysis to be performed on the integrated system, 



when dealing with data resulting from a record linkage process, it should always be taken 
into account that linkage is subject to two types of errors: erroneous acceptance of false 
links and rejection of true matches. In fact, these errors may affect the standard statistical 
analyses and if they are not properly accounted for, i.e. naïve procedure are applied to 
linked data, biased estimates and misreported relationship among variables originated 
from different sources may result.  
The first relevant expected added value from the integrated system on pregnancy 
outcomes is to highlight coverage problems of single data sources, in particular with 
respect to specific and delicate sub-populations, such as stillbirths, fetal deaths, 
distinguishing terminations and spontaneous fetal deaths. However, standard and well-
known models for the under-coverage evaluation (i.e. the Petersen model in the 
framework of the dual system estimation model, see Wolter, 1986)) require that the 
linkage between the data sources are completely error free.  
Let N be the unknown total amount of the population, and NA and NB the size of the 
population reported in the two registers, A and B respectively, the Petersen estimate for N 
is given by 
 

ABBA N/NNN
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where NAB is the number of matched record of the two sources. 
In context of probabilistically linked data, the estimates of under-coverage rates and of 
total unknown amount of the target population produced by the Petersen model can be 
biased and need to be “adjusted” in order to explicitly take into account the linkage 
errors. A simple method to achieve “linkage error unbiased” estimates of population total 
and under-coverage rates is in Ding and Fienberg (1994), where the Petersen model 
assumption of perfect matching is relaxed and models are proposed to describe the two 
types of matching errors. The adjustment proposed by Ding and Fienberg (1994) 
considers the probability of missed true link (say 1-α) and the probability of erroneous 
link (say  β),  
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where Ap  and Bp  are the probabilities of being counted in the A and B registers, 

respectively. 
Futhermore, the integrated system on the outcome of pregnancy consent the study of 
relationship between variables; in particular, in this framework, one is particularly 
interested in logistic regressions and contingency table analyses.  
Firstly, in the context of linear regression, Neter, Maynes and Ramanathan (1965) 
illustrate the effects of linkage errors on the evaluation of parameters for variables 
reported in different sources, showing how even small errors may greatly affect the 
results of the estimation procedures that do not tackle the errors in linkage. The model 
proposed in their seminal paper is subject to some restrictions: they assumed that the two 
files have the same size and each record from one file always could be matched to a 
record in the other file with the same probability p of being correctly matched; moreover 
each record has the same probability q of being mismatched to any remaining records of 



the other file. They generalized their basic results by assuming that set of pairs from the 
two files could be partitioned into groups in which the previous assumptions hold. 
Scheuren and Winkler (1993, 1997) and Lahiri and Larsen (2005) extend the original 
work of Neter et al. (1965) and proposed methods to calculate unbiased estimates of 
coefficients for a linear regression model under probabilistic record linkage, applying a 
bias correction to the Ordinary Least Squares (OLS) estimates. In particular, the proposal 
from Scheuren and Winkler (1993, 1997) is based on a ratio-type correction for the bias 
in the standard estimator and the adjustment is based on two crucial assumptions, first the 
probability of being a true match is available for each pair, second, the true match is the 
pair with the highest matching weight (probability). The required probabilities of correct 
match, i.e. the parameters that characterize the linkage process, could be viewed as an 
output of the probabilistic linkage procedure or it could be estimated by means of a 
random training sample where one needs to check whether the declared links are correct 
or not (but not which is the true link), or alternatively it could be obtained by comparison 
with the output from a “Gold Standard” linkage operation carried out on a sample of 
records. On the other hand, the optimality of the proposal from Lahiri and Larsen (2005) 
depends on the fact that regression errors of the linear model with modified set of 
explanatory variables that take into account linkage errors are homoscedastic. This 
condition generally does not hold, so Chambers (2009) suggests to adopt the Best 
Unbiased Estimator (BLUE) or its “empirical” (EBLUE) version.  
Moreover Chambers (2009) and Chambers, Chipperfield, Davis and Kovacevic (2009) 
extend these works to a wide set of models using generalised estimating equations and, in 
the case of linking two files, allowing one file to be a subset of the other file. However, 
the method is restrained to the following conditions: both registers are complete, no 
duplicates i.e. each contains N records. All records are linked (or all records of the sub-
set register are linked). An exchangeable linkage errors model is assumed, at least into 
groups of records. Chambers (2009) provides also other estimators under the assumption 
of normality, using maximum likelihood and using general estimating functions, with 
application to linear and logistic regression functions. Particular focus is given to the case 
of logistic models and also extensions of the previous works of Scheuren and Winkler 
(1993, 1997) and Lahiri and Larsen (2005) are given, where possible, in the general 
framework of OLS estimates. Furthermore, he suggests how to estimate variances of the 
proposed estimators, including the case when linkage probabilities are estimated.  
The extension to cases where the two sources do not consist of an equal number of 
records linked to a 1:1 basis, i.e. when linkage is incomplete in the sense that one of the 
registers in fact only covers a subset of the population covered by the other register, is 
performed by considering the linked sample data in the regression models, under the 
hypothesis of no interaction between sample selection process and linkage error 
processes. R functions are provided to fit the models in a linkage framework.  
In the same setting proposed in Chambers (2009), Samart (2011) extends the analysis to 
linear mixed models with linked data. Linear mixed models are very useful in the 
analysis of health data as they enable to take into account of intra-correlation effects in 
the context of dependent observations belonging to the same sanitary structure. 
Chipperfield, Bishop and Campbell (2011) develop a maximum likelihood (ML) 
approach for analysis of probabilistically-linked records. The estimation technique is 
simple and is implemented using the well-known EM algorithm. This method overcomes 



the restraint that all records have to be linked and explicitly consider in the analysis the 
unlinked data or missed links. This constrain removal is particularly important when 
dealing with administrative data where the different sources do not contain exactly the 
same units or the set of units on one file in not a subset of those on the other file. 
Furthermore the method can be applied to case when multiple steps are performed for 
linking records. They consider both analysis of contingency table and logistic regression. 
For instance, the count for the cell c of the contingency table is given by: 
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*w  is an indicator variable assuming value 1 if the i-th link is classified in cell c,  
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p is the probability that the i-th link is correct and c
~π is the probability of the c cell of 

the contingency table. 
Finally, Liseo and Tancredi (2011) study the issue of record linkage and study of 
relationship between variables in a Bayesian framework. In their approach all the 
uncertainty about the matching process is automatically accounted for in the subsequent 
inferential steps. A description of the Bayesian model for record linkage is in Fortini et 
al. (2001) and in Tancredi and Liseo (2011). In this framework, the natural way to 
perform the inferential analysis is to carry that out at the same time as the record linkage 
analysis, that is, including the analyses of relationships into the MCMC procedure. This 
will cause a feed-back propagation of the information between the record linkage 
parameters and the more specific target quantities. They propose this idea for estimating 
multiple linear regression models, however, no particular condition prevents to apply it in 
more general estimating problems. 
 
 
4. Preliminary analyses on the integrated system on the outcome of 
pregnancy   
 
As declared in the previous paragraph, the integrated system on pregnancy outcomes 
firstly provides the opportunity to highlight coverage problems of the single data sources. 
Coverage issues involve not only particular and delicate subpopulation, such as the 
events of fetal deaths, but even macroscopic measures, such as deliveries. In fact, 
according to the Ministry of Health (Ministero della Salute, 2012) the CEDAP (the 
certificates of birth assistance), though greatly improved in the recent years, still are 
affected by undercoverage; moreover the SDO (the hospital admission forms) cannot be 
considered complete, as well, since for some regions the number of CEDAP exceeds the 
number of SDO forms (from data in Ministero della Salute, 2012). In this context, as 
stated in the above paragraph, the standard statistical methodology is given by the 
application of the Petersen model (see Wolter, 1986) for the evaluation of the unknown 
amount of the population. However, when standard models for the under-coverage 
evaluation are applied, it is important to keep in mind the probabilistic nature of the 
linkage procedure. So, the estimates of under-coverage rates of the different sources and 
the total unknown amount of the target population (number of events) produced by the 



Petersen model need to be “adjusted” in order to explicitly take into account the linkage 
errors. Ding and Fienberg (1994) relax the Petersen model assumption of perfect 
matching, propose models to describe the two types of matching errors and provide a 
simple method to achieve “linkage error unbiased” estimates of population total and 
under-coverage rates.  
The linkage experiment for the prototype of the integrated system on the outcome of 
pregnancy is relative to the region Emilia Romagna and reference year 2007. From the 
integration between CEDAP and SDO, the estimate of the under-coverage decreases of 
more than 10% when the correction for the linkage error proposed by Ding and Fienberg 
(1994) is introduced, with respect to the naïve estimation according to the Petersen 
model.   
The Ding and Fienberg correction method, however, fixes the initial marginal 
probabilities without accounting for the new estimated N, the unknown total amount of 
events. Then, an iterative approach should be formulated and convergence properties 
studied. Alternatively, it is possible to consider the log-linear formulation of the 
estimation problem of N, applying the “adjusted” MLE of the contingency table as 
proposed in Chipperfield, Bishop and Campbell (2011). If only incorrect links are 
included in the analysis, the estimate achieved by Chipperfield et al. (2011) is quite close 
to the naïve ML estimate, while a considerable reduction of the estimate of the under-
coverage, more than 14% less with respect to the naïve estimate, is provided when both 
incorrect links and unlinked records are considered in the analysis. This reflects the 
different relevance of the two kinds of errors in the experiment at hand, actually the 
average estimated value for the probability that the declared link is correct is above 0.99, 
while the minimum estimated value achieved in a single cell of the contingency table of 
the problem at hand is 0.96, as well. Instead, on the other hand, the estimated overall 
probability that a record will remain correctly unlinked is 0.87, so it is clear how the 
missed links play a more relevant role with respect to incorrect links in the adjustment for 
linkage errors.  
It is important to note that the Chipperfield et al. (2011) estimation procedure involves 
iteration between the estimates of the catching marginal probabilities and the total 
population amount, but also require a subsample of the linked data where the true linkage 
status is known without errors, for instance thanks to a clerical review. This subsample is 
not only used to calculate the probability that a pair is correctly linked but also the known 
status of units in the subsample are introduced in the calculation of the ML estimates. As 
far as the prototype of integrated system on pregnancy outcomes regards, the possibility 
of clerically review a subsample of linked data has not been considered, essentially due to 
two different reasons: on one hand the several involved sources of data and consequently 
the several performed linkages would require several subsamples of linked data and a 
huge amount of human work; on the other hand, the sample strategy applied to check the 
linked data risks to be judgmental and moreover no knowledge on the unlinked data is 
provided. However, the probabilistic linkage procedure applied to evaluate the feasibility 
of the integrated system on pregnancy outcomes provides the probability of correct link 
for each pair considered, both those assigned to the set of links and those disregarded to 
the set of non-links, overcoming in this way the need of the subsample to calculate an 
overall probability of correct link and the lack of information on the unlinked pairs. This 



allows estimating for each cell of the contingency table the probability of correct linkage 
without the need for a training sample in which the linkage status is known.  
A different situation has been tackled for the estimation of the probability of missed link. 
Chipperfield et al. (2011) suggest to model this probability via logistic regression on the 
basis of auxiliary variables (the same variables used for the linkage procedure) in a 
training set where missed links have been detected (i.e. by means of clerical review). In 
this application, as stated above, the training set is not available and the missed link 
probability has not been modeled so this probability is not provided for each record. An 
overall missed linkage probability is provided by the probabilistic linkage process for the 
whole linkage procedure and this estimate has been used to apply the Pseudo-Maximum 
Likelihood (PML) proposed by Chipperfield et al. (2011). 
The methodologies investigated above can also be exploited to estimate counts of specific 
and delicate sub-populations, such as stillbirths, fetal deaths, distinguishing terminations 
and spontaneous fetal deaths. These outcomes of the integrated system are particularly 
interesting, as they are recommended by the European project Europeristat (European 
Perinatal Health Report, 2008) and are internationally considered Health Status Indicators 
for countries. The under-estimate of the total amount of fetal deaths results reduced of 
more than 7% when the adjustment for the linkage errors is considered in the Petersen 
model estimates by the Ding and Fienberg proposal. Fetal mortality rates can also be 
calculated by gestational age distribution, birthweight distribution, maternal age, multiple 
births, mode of delivery, parity and so on. 
At the same time, the new integrated system allows to study relationship between 
variables. A preliminary analysis of the contingency table of caesarian delivery with 
respect to maternal age and mother’s country of origin is reported. This analysis involves 
linkage between CEDAP, where the Y variable, corresponding to the caesarean mode of 
delivery is reported, and the administrative data from the population register for 
newborns, with the X variables regarding mothers’ demographic characteristics. 
 
Table 1. Distribution of caesarean deliveries by mother age and country of origin  
 

Naïve estimates 
  CBC estimates with probability 

of correct link 
   Citizenship    Citizenship 
Age classes Italian  Foreign   Age classes Italian  Foreign 

<20 0.506 0.494   <20 0.507 0.493 
20-30 0.608 0.392   20-30 0.609 0.391 
31-40 0.857 0.143   31-40 0.857 0.143 

>40 0.908 0.092   >40 0.910 0.090 
 
From table 1, it can be remarked that only a very small impact of the linkage procedure 
on the estimated distribution of caesarean deliveries occurs, due to the very high 
estimated correct link probabilities, in fact, in this application the estimated average 
probability is more than 0.99 and the minimum value (for cell of foreign mothers over 40 
years old) is 0.98. On the contrary, a relevant impact on the estimated counts is due to the 
adjustment for missed links, however, the distribution is not affected by this correction as 



in this application the estimated probability of missingness of a true link is considered to 
be constant over the cells (a unique value is evaluated for all the linkage process). 
 
 
5. Concluding remarks and future works  
 
The paper is focused on the proper treatment of the linkage errors in the analysis of 
linked data. The linkage errors can be thought as a particular kind of measurement errors 
and standard statistical procedures have to been enhanced to achieve unbiased estimates. 
The impact of linkage errors is studied with regards to the prototype of the integrated 
system on the pregnancy outcome. The preliminary analyses described in the previous 
paragraph seem promising and encouraging for the application of the methodologies of 
the analysis on linked data in more general and complex regression model studies, as 
those needed for the Robson classes analysis in perinatal health indicators.  
The proposed integration project is indeed very complex due to the several sources 
involved, the different quality of each data source, the partial overlapping of reference 
population and phenomenon. In this context, it is important to underline also the fact that 
some variables (including those used in the linkage procedure and those involved in the 
regression analysis) are available from several sources with unhomogenous quality. This 
point need further investigation, since in the literature the linkage variables are not 
involved in the subsequent regression analysis, but this is unlikely the case in the real 
applications, where, for example the variable “age” in our study (and in general for 
studies on human population) is an important linking variable and a fundamental control 
explanatory variable in all relationship of interest. Moreover, actually linkage variables 
can be affected by errors or missing values, that is one of the reason to apply probabilistic 
linkage procedure. Instead error-free linkage variables are one of the requirements for the 
assumption of exchangeable linkage errors model, as in Chambers (2009) and Chambers 
et al. (2009); so this kind of linkage error model is quite difficult to adopt in practical 
situation even when, as in our case, “group” of links with equal correct link probability 
can be built. In fact, these groups are generated by the dichotomous results of comparison 
between the linkage variables, so unfortunately the exchangeability assumption is hardly 
verified since an important source of error is due to the records that are erroneously 
linked between different “groups”. Further research work is needed in order to build 
linkage procedures that guarantee exchangeable linkage errors, at least in groups, and to 
evaluate the removal of this assumption in the already proposed unbiased estimation 
framework. 
Another important issue in real data application is the extension to link of files of 
different sizes, in particular in the case of linkage register-sample. Chamber (2009) and 
Kim e Chambers (2009) consider also the unlinked data in the framework of  estimating 
equations. Further analyses are needed in the field of informative linkage. 
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Abstract  
 
The Statistical Office of the Republic of Slovenia has a long tradition of processing geo-
referenced statistical data that can be point located or aggregated to an optional 
(administrative) spatial unit. In line with the increasing need for geo-referenced statistical 
data of high resolution, the Office followed the users’ needs by developing various 
services and web mapping applications for downloading and viewing - KASPeR is the 
most recent. KASPeR is part of the Office’s Geostatistics portal, which also includes 
some other services and applications related to geo-statistics. 
 
The article discusses the web mapping application KASPeR and in KASPeR 
implemented solutions regarding the statistical confidentiality. Additionally, it informs 
about the current activities regarding the development of KAPSeR’s successor, which is 
being developed by the Geodetic Institute of Slovenia and is co-financed by the 
Eurostat’s grant “Merging statistics and geospatial information in Member States“. 
 
 
Keywords: data visualisation, web map service, statistical confidentiality 
 
 
1. Introduction  
    

Small area statistics by their nature offer a great potential for the dissemination of official 
statistics to various users in attractive and innovative manner. Presenting the data of high 
spatial accuracy means describing people’s own living environment or other area of 
interest. Additionally, the dissemination of small area statistics also presents a great 
challenge regarding the statistical confidentiality since these data are being displayed 
together with relatively precise geographical information. 
 
The complex process of the dissemination of geo-statistics was implemented via the 
Geostatistics portal (URL=http://www.stat.si/eng/geostatistike.asp) introduced in 2011. 
KASPeR (http://www.gis.si/kasper/en/index.html) – an interactive web mapping 
application for presenting and dissemination of geo-statistical data with the focus on the 
small area statistics is a first attempt that the Statistical Office of the Republic of Slovenia 
(SURS) has made towards an integrated system for the dissemination of geo-statistics. It 
was designed and developed in co-operation between SURS and the Geodetic Institute of 
Slovenia to present the 2011 Census data in an innovative manner by including the grid 
data display and download. The application was developed on the Google Maps platform. 



 
2. Geo-statistics in a web mapping dissemination 
 
SURS has a long tradition of processing geo-referenced statistical data that can be point 
located and aggregated to an optional (administrative) spatial unit. In line with the 
increasing need for geo-referenced statistical data of high resolution, the Office followed 
the users’ needs by introducing various services and web mapping applications for 
downloading and viewing. 
 
 
2.1 Visualisation tools 
 
First interactive cartographic presentations of statistical data on the official website were 
maps created with the PX_MAP, which is a map module within the PC-Axis software 
family and it enables the users to display the selected data in a symbol or a choropleth 
map. Interactive Statistical Atlas (URL=http://www.stat.si/eng/iatlas.asp) that followed is 
a Flash based application that allows more interactivity but remains focused on 
administrative units (NUTS 3, LAU 2). Very popular with the users is a simple 
application “Place names” presenting the location of the settlements 
(URL=http://www.stat.si/eng/KrajevnaImena/) considering the grammatical 
characteristics of their names. Besides the interactive applications, SURS also offers 
thematic maps from various statistical domains. 
 
 
2.2 KASPeR 
 
  
Web mapping application KASPeR enables visualization of statistical data on different 
administrative units or grids in combination with maps from the Google Maps tool. The 
application was designed and developed in cooperation with the Geodetic Institute of 
Slovenia to explore the possibility of including geo-referenced statistical data of high 
resolution in a mapping application that would bring the statistics of the 2011 population 
census to a living environment of an individual. Downscaling from the country level 
through administrative units to a 100 m x 100 m grid in real time with the help of 
transparency slider successfully meets that purpose. The application offers a set of 
demographic variables that can be presented and downloaded as a thematic map. 
Furthermore, the advanced users are offered a download service that provides free access 
to geo-referenced statistical data in vector format (*.shp). These data are a valuable input 
for spatial analyses and data presentation. 
 
 
 
 



 
 
Figure 1: KASPeR – User interface 
 
 
2.3 Data input 
 
The application has a simple data infrastructure with a virtual database supporting the 
graphical presentations in KASPeR. Spatial units in the form of SHP files are rasterized 
and organized in a pyramidal hierarchy. Data values are extracted from SHP files and 
uploaded to a server in compressed data format optimized for quick performance. 
Administrative units are retrieved from the Register of Spatial Units and assigned the 
data from the statistical database. Grid data on the other hand are aggregations of point 
located data with coordinate of the centroid of buildings with an address as a point 
reference. Since KASPeR is considered more as an experiment, no complex data 
infrastructure was developed. Consequently, a lot of manual work is involved in the data 
support, so it soon became obvious that any further improvements of the application 
should consider automating data input and update. 
 



 
Figure 2: KASPeR system design 
 
 
2.4 Statistical confidentiality in small area statistics 
 
Being relatively small in area and in data values, small area statistics are very delicate to 
present in web mapping applications such as KASPeR. Precise information on space 
provided by satellite images of high resolution opens the possibility to reveal both the 
observation unit and its exact location. In Slovenia the smallest administrative units to 
present official statistics are the settlements, which vary a lot regarding the area with the 
smallest covering less than 1 hectare, which is similar to the smallest grid cell size used 
in official grid dissemination, i.e. 100 m x 100 m. 
 
Discussing many solutions already tested and implemented by other NSIs (Strand and 
Holst Bloch 2009), it was decided to define the disclosure rules according to the user 
needs. The analysis of the user requests for geo-statistical data in previous years 
expectedly showed that in case of demographic statistics the users require more spatially 
and attributively detailed statistical information for densely populated areas where basic 
figures coming in high resolution were sufficient for remote areas. This fact resulted in 
determining the non-sensitive statistical data that can be presented without suppression 
also at the level of settlements and 100 m x 100 m grid cells. These are mainly absolute 
numbers but also sex and age population structure. On the other hand, the sensitive data 
were determined which are disclosed when the necessary threshold is reached and offer 
more detailed structure of the attributes. The advanced users have as they did in the past 
still the option to aggregate the spatial units according to their needs, so that the 
thresholds are met and more information is disclosed for areas where particular 
phenomena occur in lower density. 
 
 
 



The current set of variables available also on 100 m x 100 m grid cells: 
 

� Population: 
- number, sex, age groups 
- population ≥ 30 � education, activity 

� Households: 
- number 
- population ≥ 30 � household size 

� Dwellings: 
- number 
- population ≥ 30 � dwelling area in classes 

� Buildings: 
- number 
- buildings ≥ 30 � building age in classes 

 
 

 
 
Figure 3: KASPeR – Potentially problematic presentations of the geostatistics revealing 
the exact locations. 
 
 
 
 
 
 



3. Future perspectives 
 
Ambitions regarding the future development of the integrated system for the 
dissemination of geo-statistical data at SURS as well as the expectations of the users are 
great, especially after the successful implementation of KASPeR which is, as mentioned, 
focused on 2011 census data. The system is being developed in the framework of the 
three tier project performed by SURS and external partners, of which the Geodetic 
Institute of Slovenia is in charge of the development of a new web mapping application 
that will substitute the existing KASPeR in 2014. 
 
Tier 1 covers the development of a new interactive application for viewing and 
downloading geo-statistical data and is co-financed by the Eurostat’s grant “Merging 
statistics and geospatial information in Member States“. The new application will cover a 
significantly larger set of variables from various statistical domains and will include the 
time dimension introduced by a time slider. A major improvement will be the 
administrative interface that will enable automated data input directly from the main 
official statistical database SI-STAT (URL=http://pxweb.stat.si), which is built in the PC-
Axis environment. Another important new feature of the user interface will be the 
delineation tools that will enhance the user experience by allowing the users to define 
their own area of interest either from administrative units, grids or addresses. The 
application is also expected to graphically complement other dissemination products of 
the Office that are mainly presented in textual format. INSPIRE standards regarding the 
network services will be implemented as well including: 
 

� discovery services, 
� view services, 
� download services, 
� transformation services. 

 
Tier 2 is being performed by SURS and deals with the upgrade of the GIS database 
(http://www.stat.si/GIS/baza.aspx?lang=en). Improvements will be made regarding the 
enlargement of the set of variables that will be provided for available time series and geo-
spatial datasets defined in two national and one European (ETRS89/LAEA) projection. 
The set of variables will follow the recently adopted policy that the users should have 
free access to all relevant statistics also in formats directly applicable to further handling 
in GIS. Tier 3 thus demands a thorough study of available statistics provided either by 
SURS or other producers of official statistics that have a potential and relevancy to be 
presented as geo-spatial statistical data. Besides the defining of the set of variables, the 
focus of this Tier is also on defining the confidentiality rules that will determine the level 
of disclosure as well as the spatial accuracy of the data. 
 
 
 
 
 
 



4. Conclusions 
 
Activities described follow the decades of successful work done by SURS and other 
institutions towards the integration of geography and statistics. Establishing of the 
Register of Spatial Units and its integration into the statistical process enables various 
cartographic presentations of statistics and also their application to web mapping 
visualisation tools. SURS is committed to continue creating new geo-statistical products 
and improving the system for their dissemination as well as to share the professional 
experience and integrate national dissemination systems into international infrastructures 
as proposed also in the declaration of the European Forum for geo-statistics at the Prague 
Conference in October 2012 (Backer and Holst Bloch et al. 2012). 
 
Development of a new web mapping application in 2013 that is going to substitute 
KASPeR will round the efforts of SURS in establishing a user-friendly application that 
would serve as a viewer and access point for geo-statistics and will be a great upgrade of 
the existing services joint under SURS’s Geostatistics portal. Moreover, the application 
might in the future come as a smart phone application that would truly bring the official 
statistics to users’ real location in real time. 
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Abstract  
     

This paper aims at illustrating a metadata system that contains information not only on 
structural and reference metadata, but also on management metadata. Many different 
actors may benefit from this system: internal users by ensuring the possibility to reuse 
information; internal management by supporting the decision making process, process 
industrialization and standardization as well as performance assessment; external users by  
providing  reference and structural metadata as well as quality measures to retrieve data 
and properly use them. Relationships to existing frameworks and standards are discussed 
and enhancements are proposed. 
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1. A unified metadata management system 
 
Metadata systems are extremely important management tools in today’s National 
Statistical Institutes (NSIs). These systems are vital for the dissemination of statistics, 
since they are the pillars of statistical data warehouses, and are gaining increasing 
importance in the statistical data exchange among different organizations, especially at 
supranational level, where they are additionally used to facilitate the communication and 
common understanding of data being exchanged.  
Given the above mentioned scopes, the interest is mainly oriented to defining standards 
for metadata included in the two following categories: structural metadata and reference 
metadata. They are commonly defined as (Androvitsaneas et al., 2006, SDMX, 2009):  
i) structural metadata, i.e. metadata that act as identifiers of the: a) structure of the data, 
e.g. names of columns of micro data tables or dimensions of statistical cubes; b) structure 
of associated metadata, e.g. units of measurement;  
ii) reference metadata, i.e. metadata describing contents and quality of statistical data. 
Preferably they should include all of the following subcategories: a) conceptual 
metadata, describing the concepts used and their practical implementation, allowing users 
to understand what the statistics are measuring and, thus, their fitness for use; b) 
methodological metadata, describing methods used for the generation of the data (e.g. 



sampling, collection methods, editing processes);  c) quality metadata, describing the 
different quality dimensions of the resulting statistics (e.g. timeliness, accuracy). 
This paper will focus on a broader approach advocating the need to go beyond structural 
and reference metadata by integrating them in a unified metadata management system 
with the so called “management” metadata. Management metadata are those types of 
metadata that are useful for the management of a NSI, in planning, running and assessing 
both statistical and support activities. These metadata allow to connect data and processes 
with the NSI strategic objectives; to assign responsibilities and resources to the 
objectives; to plan schedules and timetables of the different goal’s actions; and to link the 
objectives to the different management plans of the Institute (e.g. the long term goals). 
Structural and reference metadata are vital for internal and external users of statistics; 
they are as well important for staff involved in the production process with different roles 
and responsibilities (Androvitsaneas et al., 2006). However, internal staff (in particular 
top and middle managers) need management metadata for a wide range of activities both 
at institutional and survey level. Indeed management metadata are often required to 
complement other metadata in particular methodological and quality metadata in order to 
adequately support the evidence-based decision process concerning strategic planning 
(e.g. priority setting) and overall assessment (e.g. process quality assessment; Institute 
performance; evaluation of quality targets with a view of associated costs and resources; 
evaluation of the actual or partial achievement of strategic goals).  
 

Figure 1: Istat metadata management system 

 
 
 
Thus, a unified metadata system can provide support to exploit the links between 
structural and reference metadata, on one side and management metadata, on the other 
with the aim at enhancing product quality; gaining process efficiency and efficacy and 
providing better services to users. This approach is sketched in Fig.1, where structural, 
reference and management metadata are related to generic statistical process phases, as 



conceptualized in Section 2. A model for describing structural metadata flows in the 
corresponding process phases is provided in Section 3. According to previous statements, 
strategic planning and overall assessment, which are performed at institutional level, are 
also represented in Fig 1. The need to go beyond the generic statistical process to model 
metadata was already recognized by Androvitsaneas et al., (2006), where the concept of 
statistical system as a whole is introduced and quality dimensions such as metadata about 
objectivity and credibility (pertaining to the institutional level) are attached to it. The 
joint use of reference and management metadata for improving statistical processes and 
products is commented in Section 4. 
Given the above considerations, a metadata system that allows for a unified 
conceptualization, management and dissemination of the three different metadata 
categories is extremely useful. As an action of the strategic multiyear innovation strategy, 
called STAT2015, Istat is developing a Unified Metadata System (Sistema Unitario di 
Metadati, SUM) hinged on the following key concepts and objectives: data retrieval and 
usability (by associating proper meaning, methodological and quality information to 
data); metadata reuse (in order to harmonize concepts and reduce documentation burden); 
traceability (with the objective of statistical process transparency and process 
automation); integration (with the aim of making the diverse sectors in a statistical 
Institute speak with only one voice and supporting standardization). 
 
 

2. Modeling metadata in the statistical business process 
 
In this section, starting from the Generic Statistical Business Process Model, GSBPM, 
(Vale, 2009) and exploiting the long standing experience gained at Istat in the field of 
statistical processes and quality documentation (D’Angiolini et al.,1998), a model for the 
identification of statistical metadata is proposed, mentioning the relationships among 
structural, reference and  management metadata. 
The proposed approach anchors to Saint Thomas Aquinas eight circumstances 
determining the ethic of an action, and more recently used in journalism and police 
investigations fields, as questions for basic information-gathering. Of course, since it is 
not a matter of writing a newspaper article or conducting an investigation, proper 
adaptations are introduced in the interpretation of the elements serving as structure to 
build a model for statistical business processes description and the relative metadata.  
Borrowing the definition from Industrial Management Engineering, a statistical 
production process is a sequence of elementary operations, logically connected, aimed at 
producing statistical information, also referred as statistical product or output (adapted 
from www.businessdictionary.com). 
In order to conceptualize metadata within the statistical business process, the following 
fundamental questions have to be answered: cur, quid, quomodo, quibus auxiliis, quis, 
ubi, quando, and quantum  (respectively: why, what, how, by which means, who, where, 
when and how much). This set of questions allows to exhaustively represent a 
circumstance, fact, situation and, in the field of official statistical production, a statistical 
business process. However additional specifications have to be added concerning the 
quality dimension, i.e. the level of performance attained and the fitness for use of the 
produced statistical data.  



Cur (why) 
In the philosophical interpretation, this element represents the cause of the action. 
Translating this concept in the metadata model, this represents the statistical datum (or 
product or output), and is formally defined by structural metadata (Section 3) and 
described for users by conceptual reference metadata. 
Quid (what) 
The what component is the pivotal element, representing the set of activities carried out 
to meet the why objective. These activities can have different nature: i) statistical 
operations; ii) management or administrative activities; iii) quality control actions. 
The statistical activities are operationalized in elementary operations describing the 
statistical process, usually arranged in hierarchical structures, facilitating their 
organisation (Vale, 2009; Brancato and Simeoni, 2012). They represent the key elements 
for the description of the statistical business processes and together with other elements 
(how, by which means) constitute the core of reference metadata. 
However, concurring to the statistical production, there are a number of support 
activities, having administrative and management nature, and representing actual sub-
processes. It is the case, for example, of the procedure needed for selecting a private 
company to carry on data collection in outsourcing. These operations are among the key 
elements of what we call management metadata. 
Differently from the GSBPM model, that defines quality management as an overarching 
process, the Istat model integrates  quality into the statistical production process: for each 
elementary operation (or for the majority of them) a set of quality control activities exists. 
Indeed, quality control actions have been analysed and a classification adopted to identify 
those aimed at preventing survey errors, monitoring survey operations or finally 
evaluating survey quality. Such an approach results particularly useful to document the 
efforts taken within the statistical process to guarantee the higher possible quality level, 
e.g. by intensive follow-up to increase survey participation, and also to interpret the 
impact of nonsampling errors, such as nonresponse and measurement errors. 
Two attributes can be specified for each elementary operation: the ordering and the 
output/s. Indeed, as pointed out in the statistical process definition, there is a sequence 
logically connecting the operation one to each other, however different processes may 
perform the activities in a slightly different order. In addition, as practitioners of the 
statistical production know well, some operations can be performed more than once, 
generating cycles. The output of each operation is the result of the transformation process 
performed in the elementary operation, e.g. the questionnaire, row data, clean data.  The 
output of one operation represents the input of the next. Each output is defined by 
structural metadata, as described in Section 3. 
Quomodo (how) 
An important characteristic of what is performed is the how element. It represents the 
description of the elementary operations concurring to the statistical data production. The 
how elements follow the same hierarchical structure defined for the what elements. The 
how elements document the applied methodologies as well as the empirical solutions 
identified in each step of the statistical production process. By means of thorough 
analysis of the activities that can be carried out to produce statistical data, i.e. what and 
how elements, thesauri of standard terms to describe them can be used to support the 
model. Such thesauri need to be continuously updated, to incorporate evolutions in the 



methods. Depending on the needs, the thesauri may be more detailed, leading to higher 
standardisation (Brancato and Simeoni, 2012) or more generic and thus more widely 
applicable as in GSBPM model (Vale, 2009).  
Quibus auxiliis (by which means) 
In the proposed model, this element is represented by the IT tools used to perform the 
elementary operations, i.e. a software application or system, implementing one or more 
methods. The IT tools have their own set of characteristics that can be documented and 
that define rules for their use within the administration, usually stored in software and 
application catalogues.  
For example, within the data collection phase (what), the specific operation (how) can be 
specified, e.g. CAPI, together with the software used to implement the electronic 
questionnaire (by which means).  
Quis (who) and ubi (where) 
For each elementary operation, the who element in the model identifies: i) the person/s 
responsible for the operation; ii) the person/s executing the operation; iii) other actors 
involved in the operation. Persons in charge of and performing the activities may reside 
on the same entity, but not necessarily. Such an element may assume increasing 
importance considering the tendency to abandon the classical production process stove-
pipe model towards the adoption of more integrated production models, the former being 
characterised by a concentration of responsibilities, the latter by more distributed tasks. 
When external bodies are involved in process operations, the identification of the 
responsibilities may be attributed in administrative documentation, such as contracts 
setting terms and conditions of the service. This is the case of the recourse to outsourcing. 
Related to who is in charge of the activity, the where element specifies if the activity is 
carried out within the Institution or outside.  
Some elementary operations may involve actors external to the Institution, as it is the 
case of the reporting unit in data collection activity.  
Quando (when) 
The when element is a vital metadata to properly document validity of the elementary 
operations, as well as changes in the procedures and methodologies. Each elementary 
operation, and its characteristics, therefore needs to be associated to a time of validity 
period, as also proposed in Banca D’Italia (2007).  
Quanto (how much) 
This element is proposed to document resources (human, IT) and costs (financial, time) 
required to carry on statistical, administrative and quality control activities. It represents 
the typical management metadata useful to measure efficiency and to perform cost 
analysis. 
The proposed model allows to define structural and reference metadata and a subset of 
management metadata, i.e. those strictly related to the statistical process, emphasizing the 
role of the quality control activity that is integrated to the process and to standard quality 
indicators (Brancato et al., 2006). 
 
 
3. Structural metadata management 
     

As described in Section 2, structural metadata define the output of some phases of the 
statistical process, i.e. those that produce data: following the GSBPM model these phases 



are collect (collected data), process (validated data); analyse (data analyzed by means of a 
statistical procedure); disseminate (disseminated data). From a conceptual point of view, 
we restrict ourselves to these 4 phases because structural metadata become “alive” when 
data are associated to them. However, the SUM system that Istat is being developing, will 
manage structural metadata also for other phases (e.g. for questionnaire or sampling 
designs) in order to provide a service to internal users.  
Following the GSIM model (UNECE, 2012) at both an aggregated and disaggregated 
level, any datum can be described by means of the following characteristics, in broad 
terms: 

• the reference unit/population; 
• the statistical variables associated to the units of the reference population, with 

their classifications or units of measure;  
• the statistical operator (mean value, median, absolute frequency, index number, 

… for the aggregated level; editing, imputation, disclosure control operator,… for 
the disaggregated level). 

 
All the previous items are important for the datum description; nevertheless existing 
standards on structural metadata might neglect some of them. This is the case of the 
SDMX standard (SDMX, 2009). SDMX has been developed for data and metadata 
transmission between different Institutions: it has been mainly applied on disseminated 
data; hence it focuses on everything that can be categorized and can give raise to tables. 
In this context categorical variables and their classifications are easily taken into 
consideration. On the contrary there is less attention to reference units, numerical and not 
categorized variables, as well as statistical operators. A justification to this approach can 
be based on the fact that units and statistical operators have already a well defined 
referential nature in the statistical process, respectively included among the what and how 
elements. Indeed the statistical operator characterizes the nature of the data in such a way 
that, for instance, the “average household income” is a completely different data from the 
“household income median”. A similar argument holds also for the reference 
unit/population, that is an essential part of the description of a statistical process but plays 
also a major role in the data definition: following again GSIM, different population 
concepts can be considered, and among them the “target population” is a referential item, 
defined at the beginning of a statistical activity with no data as a counterpart, while the 
analysis population plays a fundamental role in defining the statistical aggregated output, 
hence its nature is also structural.  
The fact that SDMX does not explicitly assign a statistical role to structural metadata is a 
serious drawback that might discourage its use outside the data transmission field. As a 
matter of fact the SDMX standard would ensure consistency with international practises 
while relying on sound IT infrastructures. The following is a possible strategy to allow 
SDMX use in a metadata management system. Figure 2 shows the different kinds of 
structural metadata with a nomenclature which is compliant with the GSIM definitions, 
their role and interaction in each phase (direct arrows) as well as in the different phases 
(dotted arrows).  
The vertical rectangles represent the statistical actions characterizing each phase and the 
corresponding data. Data is always associated to metadata (henceforth, the data 
structure). The data structure is the description of the data content in terms of 



population/unit, variables and classifications or unit measures, and statistical operator 
(i.e. the conceptual purpose of a statistical process included among the why elements, as 
in the term “average household income in Euro”). The association between variables, 
classifications and unit measures is established by the domain value of the variables. As 
far as the connections between objects in different phases are concerned, it is worthwhile 
to note that the analysis population in the analysis phase can be exactly the one that 
characterizes the corresponding microdata, or obtained from a numerical variable that 
contains pre-aggregated data, or finally defined by a category of a categorical variable. 
Numerical variables collected among validated microdata can also produce 
classifications, for instance when a numerical variable is categorized (either fixing the 
category extrema in advance or by fixing the corresponding percentages in advance, i.e. 
by means of quantiles including the median, which is a typical situation in the analysis of 
poverty, income and expenditures). There are two different data structures in the analysis 
phase, corresponding to two different kinds of aggregated data. The first one consists of 
data obtained directly from a microdata set by the application of a usual statistical 
operator (average, median, total, percentages...). It is named “preaggregated”, but it can 
be used either for internal computations or for dissemination, if this is appropriate. The 
second one consists of a function of preaggregated data in terms of: i) a subtable obtained 
by classification marginalization or recategorization (e.g. passing from a very detailed 
classification level to a broader one); ii) a table consisting of an arithmetical composition 
of two or more preaggregated data sets (as in ratios, balances, index numbers and so on). 
 

Figure 2: structural metadata and their relationships in a statistical process 
 

 



 
A detailed description of units, numerical and categorical variables, classifications and 
statistical operators is useful only in the first case. In the second, it can be derived for any 
element of the arithmetic operation: for instance, in a ratio both the numerator and 
denominator will inherit their metadata descriptions in terms of units, variables, 
classifications and statistical operators. 
This structural metadata organization can be reproduced according to the SDMX syntax 
in terms of: i) concepts, i.e. any element playing a role in a table description; ii) code 
lists, specifying those concepts with a finite number of actualizations; iii) data structure 
definitions, consisting of concepts, their associated (when necessary) code lists and the 
assignment of concept roles as dimensions, attributes and measures.  
The reference population can be organized by combining two concepts: population (with 
an appropriate code list containing the list of possible populations: households, persons, 
businesses …) and temporal concepts, i.e. a concept that identifies the exact time when 
the statistical variables of interest have been observed on a population. 
The statistical variables can be disaggregated according to the following elements: 
categorical/qualitative variables (with a concept that specifies its name, e.g. gender, and a 
code list of categories, e.g. male and female organized as a classification) and 
numerical/quantitative variables (with a concept that specifies its name and another 
specifying its possible unit of measure). 
The concept “statistical operator” will be associated to a code list of different operators. 
Some of these categories may need additional information (e.g. an index number needs a 
base year). Other pieces of information, useful for interpreting data (e.g. if data is 
provisional, estimated, obscured for confidentiality reasons, and so on) can be organized 
as additional concepts with their associated code lists. 
A feature that SDMX does not cover is the metadata relationship along the statistical 
process. This aspect should be well modelled in order to ensure integrability, traceability 
and metadata phase-based search. 
 
 
4. Joint use of reference and management metadata 
     

National Statistical Institutes are coping with challenging demands for more accurate and 
timely data, for data on emerging topics and new information needs while facing 
resources and financial restrictions. Thus, it is vital to increase efficiency, to reorganize 
output-oriented production, to rationalize, standardize and industrialize statistical 
processes. Management metadata can support such activities and indeed there is a 
growing demand for management metadata to be used together with structural and 
reference metadata and, in particular, jointly combined with quality indicators. 
Nevertheless, the role of management metadata in supporting the decision making 
process and quality assessment has not been deeply investigated. 
Traditionally, for the above mentioned purposes reference metadata and their quantitative 
counterpart, that is paradata and quality indicators, are used. Commonly accepted 
definitions are: i) paradata, data about the survey operations, e.g. the times of day 
interviews were conducted, how long the interviews took, how many times there were 
contacts with each interviewee or attempts to contact the interviewee, (Couper and 
Lyberg, 2005), and  ii) quality indicators, measures of the quality of statistical products or 



processes. As known, some quality indicators are obtained as a by-product of the 
production process thus overlapping with paradata; in this case they are also called 
process variables (Ehling and Körner 2007).  
However, support processes and management activities also produce quantitative 
information, i.e. specific paradata that could be exploited for improvement purposes.  
In fact, management metadata and related paradata (e.g. number and expertise of 
available resources, assigned responsibilities, activities implementing strategic objectives, 
time schedule, methodological investments, training,…) are important not only for 
efficiently managing statistical processes but also for ensuring process and product 
quality. For instance, the administrative procedure for selecting an external CATI 
company will affect timeliness of survey data if it is not completed in a given period of 
time. Since support processes may affect statistics quality, measurements of such an 
impact (i.e. paradata for support processes) are required.  
Generally speaking, a quality management system lays its foundations on layers 
represented by standards, measures and documentation. Istat quality management policy 
is based on an integrated set of activities involving the exploitation of the metadata 
available in the current systems. Recently, quality standards have been defined,  
statistical auditing and self-assessment procedures have been introduced and regular 
analysis of standard quality indicators are provided to the management as support for the 
decision making process (Signore et al., 2012).  
In addition, Istat is trying to establish stricter links between quality assessment and 
management activities. As an example, the improvement actions resulting from auditing 
and self-assessment are now highlighted in the annual planning allowing for monitoring 
and for an evaluation of associated costs, resources and time schedule. Furthermore, Istat 
survey managers expressed the need for management metadata and paradata, in particular 
the availability of information on allocated human resources (number, expertise, 
training…) and duration of each operation in order to jointly analyze them with main 
quality indicators such as timeliness and non-response rates. Indeed, quality indicators 
are better exploited if complemented with management metadata and paradata. As it is 
well known, interpreting quality indicators also requires adequate reference and structural 
metadata as it is recommended by European standards for quality reporting (Götzfried 
and Linden, 2010). 
Thus, a unified metadata management system, such as the SUM system, jointly managing 
statistical metadata together with paradata (related to survey operations and support 
processes) and quality indicators, will enable middle and top management to accomplish 
a more comprehensive analysis of statistical production processes widening the range of 
improvement actions beyond the statistical aspects. 
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Abstract  
 
In recent years, social media have become and important new infrastructure for 
communication flows and thus an essential network in our social structure. People that 
participate in these media are free to express their views, perceptions and sentiments on 
every topic that keeps them busy. On their side, these expressions can influence the 
sentiments and perceptions of readers. In this paper we present an exploratory analysis of 
expressions in the social media which gives insights into the perceptions of business 
respondents of Statistics Netherlands (SN), and specific factors that lead to a positive or a 
negative sentiment. We also discuss some recommendations aimed at influencing these 
expressions with the ultimate goal to stimulate survey participation. 
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1. Introduction 

 
Sentiments on business surveys by business respondents are not new. These sentiments 
have been expressed in traditional media, like news papers, and in publications by 
business organizations, among others. In a 2006 publication of the Dutch Employers’ 
Union in the provinces of Brabant and Zeeland (Brabants Zeeuwse Werkgevers-
vereniging) it is stated e.g. that for surveys: ‘The costs outweigh the added value’ (Vroen-
hoeven 2006, p. 23). Other businesses show their views on surveys by sending letters and 
e-mails to SN, or contacting the Help desk on the phone. Also Customer Satisfaction 
Surveys among respondents have been conducted to study these views. An overview of 
these sentiments has been presented by Snijkers et al. (2007; see also Snijkers 2008).  
 
These sentiments are relevant to business surveys because it is assumed that these affect 
the decision of respondents to participate in surveys, as well as their behaviour when 
completing a questionnaire, via perceived response burden and the motivation to respond 
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(as is discussed by Snijkers 2008; Snijkers 2009; Giesen 2012; Snijkers and Jones 2013; 
Willimack and Snijkers 2013). Consequently this affects the quality of the resulting 
survey data (see e.g. Wenemark et al. 2011; Haraldsen 2013) as well as cost-efficiency of 
survey data collection (Snijkers and Jones 2013).  
 
An analysis into these sentiments has been cumbersome because the data needed to be 
collected from various sources. With the expanding usage of social media, these data 
have become more easily available. In this paper we present the results of an analysis of 
expressions in social media about SN, its surveys and questionnaires. This analysis can be 
characterized as exploratory, and gives insights into sources of positive and negative 
sentiments and therefore on causes for feelings of perceived response burden.  
 
For several reasons, social media (like Twitter and Facebook) are considered an 
appropriate source to study such perceptions and sentiments, and their causes. First, in the 
past years internet and social media have developed into a new and vast communicative 
infrastructure and cultural forum (Bruhn Jensen and Helles 2011). Building on Carey’s 
ritual model of communication as “a symbolic process whereby reality is produced, 
maintained, repaired and transformed” (Carey 1989, p. 23), Newcomb and Hirsch (1983) 
proposed to regard the media as a new cultural forum. From this point of view, media are 
a repository and a resource articulating and negotiating meanings and world views on 
behalf of the culture at large (Bruhn Jensen and Helles 2011). Communicative flows thus 
serve the production and innovation of society and culture, and social media have become 
an important part of these flows (Bruhn-Jensen 2012). Seeing the new social media as a 
new kind of cultural forum, implies that expressions in social media are part of a dialogue 
that influences common perceptions (Carey 1989; Bruhn Jensen 2012). An additional 
reason refers to Cialdini’s compliance principle of social validation (Cialdini 2001; 
Groves, Cialdini and Couper 1992), which states that the views and behaviour of people 
is influenced by the social group one belongs to, or the views of others that one identifies 
with. In the last couple of years we have seen that social media are of strong influence to 
the behaviour of people. Researching expressions in social media thus gives insights not 
only in the sentiments and perceptions of those business respondents that are active on 
social media, it also provides the opportunity to study how people influence each other, 
via social validation, and consequently how that might affect the public opinion and 
political agenda. Finally, these expressions are “texts” that have been expressed without 
interference of a researcher, and as such express ‘true’ sentiments that can be treated as 
quantitative data.  
 
This research has three goals. The first goal is to get insights into the number of expressi-
ons on social media with regard to business surveys. Secondly, we want to get insights in 
the content of these expressions, the sentiments expressed and the causes for both positi-
ve and negative sentiments. Thirdly, it is a way to get insights into the impact of the soci-
al media on the views of business respondents. This paper focuses on the first two goals.  
 
Based on these goals, the following reseach questions are studied in this paper: 
- What is the number of expressions about SN, its surveys and questionnaires on social 

media and on webfora? 
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- What are the sentiments? What kind of views and opinions are uttered, and are they 
negative or positive in nature? What aspects of the survey do these expressions relate 
to, and about which aspects do people complain, or write positively?  

- What arguments are given to respond (accurately) or not to business survey 
questionnaires? 

- Are there fluctuations in these numbers over time? 
- What are the causes of these expressions?  
- In which social media do these expressions mostly appear? 

 
The results of these analyses are discussed in section 3. Section 4 concludes this paper 
with a summary of conclusions and a discussion with regard to the quality of the data and 
the analysis. Also recommendations to enhance motivation, positive perceptions and 
sentiments of business respondents, improve the public image of SN, its surveys and 
questionnaires, as well as reduce response burden. But first, section 2 discusses the data 
used in this study and methods of analysis. 
 
 
2. Data and method 
 
2.1 Data 
The data source used for this research is a database named Coosto: “a full featured social 
media monitor”. In this database, all public posts in the Ducth language since January 
2009 on Dutch social media, webfora and webblogs are collected and stored. Currently, 
this database contains more than a billion entries, and each day about 3.2 million entries 
are added. More than 390.000 different sources are used, among which the most 
important are Twitter, Facebook, Hyves, and Google+.  
 
In this database, a restrictive search was made, that resulted in a selection of posts to be 
analyzed. The selection was based on posts for the period January 2009 – August 2012. 
Keywords for the search included a combination of different denotations of the Dutch 
NSI, such as “CBS” or “Centraal Bureau voor de Statistiek” and a set of survey-related 
keywords, like “survey”, “questionnaire”, “letter”, “response”, “fine”, “obligation”, 
“mandatory”, “burden”, the name of major surveys, and so on.  
 
Entries from large newssites were left out, as our interest went out to more personal 
sentiments and dialogue. Entries coming from Twitter and Facebook news accounts were 
left in as they were regarded as less professional.  
 
2.2. Method 
Data have been analyzed using a sequential two-step mixed-method design. First, a word 
count or “lexical analysis” was carried out, followed by a thematic analysis.  
 
In a lexical analysis (also called “word counts” or “concordance analyses”) word lists are 
created which can be seen as concentrated or distilled data (Tesch 1990, p. 138-139). 
This enables the exploration and objective identification of central themes in large bodies 
of text. Word are therefore classified into meaningful categories in a process analogous to 
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the development of a coding scheme for the interpretative qualitative analysis of text. For 
this analysis the software programme Concordance1 was used. This type of analysis is an 
effective approach for analysing large volumes of texts in the traditional media (see e.g. 
Gabrielatos and Baker 2008) but also archived postings from social media like Twitter 
and webfora,(Seale, Ziebland and Charteris-Black 2006). 
 
Second, a thematic analysis was carried out by one of the researchers, in which the 
sentiment of the posts (positive/negative/neutral), as well as the themes presented in the 
posts (see e.g. Ryan & Bernard 2003; Braun and Clarke 2006) were coded. The results of 
the lexical analysis in the first step aided in identifying themes and coding the posts, as it 
helped by showing quantitative evidence of words and linguistic patterns being 
repeatedly used and identifying areas of interest (see e.g. Baker et al. 2008),   
 
 
3. Results 
 
3.1 Exploring the social media 
The first research question we had was about the size of the communication related to SN 
surveys on social media: Is it big or not? Table 1 shows that, by looking at the number of 
posts in the 2½ year period and the number of different authors, it is not big. Relative to 
the total numbers, there are not many expressions by business respondents to be found in 
social media and on webfora. Furthermore, of the number of posts selected a large num-
ber was “retweeted” or otherwise re-sent: 31 % of the total number of posts is a “re-post” 
of a formerly posted expression by someone else, or of a news item. A vast majority of 
these posts are posted by different authors: on average an author posted 1.2 posts. 
 
Table 1. Number of posts, words and authors 
 Number 
Posts (of which Retweet or other kind of “re-post”)  667  (205; 31%) 
Words  32.192 
Different words (without stopwords2)  5.351 
Authors   539 

 
When looking at these posts over time, at first sight no clear structural fluctuations are 
visible nor a relationship with survey contacts (figure 1), e.g. when advance letters are 
sent out. There is, though, one peek that stands out, namely in January 2012. This peek 
was caused by a press release by a Dutch ministery, stating that the administrative burden 
imposed on entrepeneurs by SN had decreased. This press release resulted in a large 
number of posts, including re-posts of the message by many different authors.  
 
The largest amount of posts that were in our selection were placed on Twitter (523), 
followed with distance by Facebook (31 posts). It is important to mark that possibly many 
posts on Facebook are not public, while we did only have access to public posts. 
Contrary, tweets are all public by default. 

                                                 
1 http://www.concordancesoftware.co.uk/  
2 Stopwords are usually frequent words like “the” that are not meaningful.   
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Figure 1. Number of posts in time 
 
Table 2. Meaningful words or categories of words 
Item Number Item Number 
Entrepreneurs*  358 Research / survey*  73 
Not  335 Questions, question  72 
Fill in, *, supply, provide  274 Online, digital, log in, internet, passwords  59 
Software, technique*  205 Economical  56 
Data, information, figures, numbers*  193 Money  54 
Must / have to*  188 Year*  53 
Sanction*, penalty, euro, “000”**  151 Fail*, “losers”  48 
Decrease  133 Website, CBS-site, site  44 
Government, The Hague  121 Statitics   37 
Less  90 Costs, cost  37 
Time  85 ZZP* (business without employees)  38 
Netherlands*  83 SBR, XBRL  34 
  Threat, coercion*  27 
*Here we refer to categories of words with the same or a similar meaning. . 
**Detailed scrutiny revealed this refers to the amount of a fine.. 
 
Table 3: Major themes in negative posts   
Theme Number Percentage 
Questionnaires*  316  76.5 
Statutory obligation  193  46.7 
Technical problems (of which: Apple)  107  (46)  25.6  (10.9) 
Unfamiliarity  102  24.6 
Letter  92  22.3 
Fine, sanctions  77  18.6  
Coercive tone  55  13.3 
Waste of time, costs in time  48  11.6 
Difficult questionnaire  42  10.2 
Unnecessary regulation  34  8.2 
Tenacity  30  7.3 
Many questionnaires  30  7.3 
Long questionnaire  29  7.0 
Lack of communication  18  4.4 
*The cursive themes are themes that were part of the search words ánd are present in the posts with all 
three sentiments. 
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3.2 Results of the lexical analysis  
The results of the word count or “lexical analysis” are shown in table 2. Together with the 
results of the thematic analysis which will be presented in the next section this gives a 
clear and objective indication of the content of the posts. 
 
3.3 Thematic analysis: sentiments and themes  
Next, we were interested in the sentiments expressed in the posts: positive, negative or 
neutral. More than half of the posts express a negative sentiment (62 %), followed by the 
neutral posts (29 %). Posts that express a positive sentiment are a minority with only 9 %. 
In this section we present the themes found in the posts by sentiment. As the tables will 
show, the content of the posts clearly diverges for the three kinds of sentiments. 
 
3.3.1 Themes in negative posts 
Table 3 shows the major topics that are identified in posts with a negative sentiment. The 
following main causes of negative sentiments are revealed: 
- An important part of the posts that express a negative sentiment refers to technical 

problems, namely problems with software and / or hardware (e.g. the questionnaires 
can’t be completed in Google Chrome or with an Apple computer). Especially, the 
combination of these technical problems with the fact that responding is obligatory 
appears to have resulted in negative sentiments.  

- A lot of negative posts show that respondents are unknown with SN, its role in 
society, the legal obligation to comply and the reasons of receiving the questionnaire. 
This unfamiliarity seems to make respondents insecure about their position. This 
seems to especially cause negative sentiments in combination with the receipt of a 
letter in which one is “threatened” with a fine.  

- The letters that mention the possibility of fines seem to be experienced as compelling. 
Moreover, the coercive tone is expressed not to have a positive influence on the 
motivation and response behavior. 

- Completing questionnaires is expressed to be experienced as a waste of time. 
Presumably the reason for this is that entrepreneurs prefer to spend their time on 
profit-oriented activities, and that they are unaware of the backgrounds of the survey.  

- In addition, characteristics of the questionnaires, like questionnaires that are hard to 
complete, long questionnaires, and the fact that businesses receive many 
questionnaires (for various surveys or as part or a recurring survey) are also found as 
a cause of negative sentiments.  

- Some negative posts refer to the large number of legal requirements entrepreneurs 
have to respect. The legal obligation to respond to SN’s business surveys is seen as 
one of these, and experienced as an “unnecessary control mechanism”. 

- Also the (lack of) communication with SN may cause negative sentiments, when the 
help desk is hard to reach for business respondents who have a question.  

- Taken together, the fine, the coercive tone, the tenacity, and the technical problems 
seem to additionally cause negative sentiments, and reinforce these sentiments.  

3.3.2 Themes in positive posts 
Themes in positive posts are shown in table 4. These include the acknowledgement of the 
value of statistics produced by SN, the observation that the number of questionnaires is 
reduced, the simplification of these questionnaires, and the decrease of response burden.  
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Table 4. Major themes in positive posts 
Theme Number Percentage 
Statutory obligation  46  75.4 
Questionnaires  17  27.9 
Positive value statistics  15  24.6 
Simplification questionnaires  12  19.7 
Administrative burden (decrease)  11  18.0 
Decrease in amount of questionnaires   11  18.0 
 
3.3.3 Themes in neutral posts 
Though the neutral posts do not clearly express a positive or negative sentiment, they 
identify themes that denote concern or interest of business respondents. Most of these 
posts are repost of retweets, indicating that the authors somehow find it worthwhile to do 
so. The main themes in neutral posts refer to response burden (125), and time and money 
entrepreneurs have to spend on survey requests, showing that these are important issues 
for business respondents.  
 
Table 5: Major themes in neutral posts 
Theme Number Percentage 
Administrative burden  125  64.8 
Questionnaires  76  39.4 
Legal mandate  49  25.4 
Less costs in time  43  22.3 
Less costs in money  41  21.2 
Unfamiliarity  28  14.5  
Letter  12  6.2 
Fine, sanctions  7  3.6 

 
 
4. Conclusion, discussion and recommendations 
 
The exploratory study presented in this paper is – to the best of our knowledge – one of 
the first into the use of social media data aimed at exploring sentiments by business 
survey respondents. We found that the discussions on social media with regard to SN, its 
surveys and questionnaires are very small in number. Also, we did not find any increases 
in communication activities related to the dispatching of questionnaires. The topics 
discussed show a wide variety of themes, varying over the associated sentiments. In 
negative posts the main themes are: technical failures, unfamiliarity with SN and its role, 
letters that are experienced as too coercive, the idea that filling in a questionnaire is a 
waste of time and that these surveys are “unnecessary mandatory regulations”, 
characteristics of the questionnaire, and the inaccessibility of SN for business respondents 
with questions, both by telephone and email. In a number of posts more than one theme 
was mentioned, indicating that a combination of these factors may lead to more negative 
feelings. The combination of the technical problems with the waiting time to contact SN, 
the legal obligation and the deadlines to return the completed questionnaire, is not 
helping the image of SN. Positive posts showed that statistics produced by SN are 
considered valuable, and that actions by SN to decrease response burden, the number of 
questionnaires and to simplify those are signalized and valued. Unfortunately this was the 
lowest number of posts. Neutral posts indicate that entrepreneurs somehow show interest 
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in the reduction of response burden, simply by retweeting these messages. Authors in 
social media react to press releases and news reports. One can assume that they especially 
react to the releases they are interested in.  
 
In general we may conclude that all posts in one way or another were related to response 
burden and the legal obligation to comply. The reduction of response burden is on the 
political agenda in the Netherlands for a number of decades now, and has had the 
attention of SN since the 1990’s. It is also discussed in publications by e.g. business 
organizations and commercial banks (as we saw in the Introduction). Considering the 
attention that is given to the imposed response burden by SN, by politicians and in these 
publications, we had expected that in the social media this topic would also be discussed 
quite often. However, this assumption is not corroborated in our exploratory analysis.  
 
This may have several reasons. The most obvious one is that we can trust the results: it is 
a minor topic in social media, indicating that a vast majority of the entrepreneurs is not 
interested in this topic; they are busy running their businesses. But, we still need to put 
some critical remarks with these data and the analyses. A first remark regarding the data 
is that we only had access to public posts; we don’t know about private posts. This may 
lead to  an underestimation of the number of messags in our source, and consequently the 
source could not represent the total population of all posts and authors. In addition, the 
data that actually have been analysed are a selection from the posts in the Coosto 
database. Even though these data have been selected carefully, we may have missed 
relevant posts, which may result in biased results. Next, the selected data have been 
categorized in sentiment categories (negative, positive, neutral). In this study the coding 
of the data is done by one researcher, which also may lead to errors in the final data set. 
At best the data would have been coded by various coders. In future research these 
aspects need to be taken into account.  
 
In addition, an aspect of social media that we haven’t analysed in this study is the impact 
factor. We have looked at the posts sent out, but not at the receivers. It may well be that, 
even though the number of posts is small, their impact on the sentiments and response 
behaviour of businesses is high. As such, to get a full picture, a network or impact 
analysis still needs to be carried out. 
 
But even though we may question the final data set, and the results are only one side of 
the picture, we can conclude that the findings (as to the expressed sentiments) are in line 
with previous findings from qualitative studies into sentiments of business respondents 
towards SN and its surveys (see e.g. Snijkers et al. 2007; Snijkers 2008; Giesen and Hak 
2012). In addition to these qualitative studies, with this analysis, we now have gained 
some quantitative information about the level of the discussions going on among 
entrepreneurs about this topic.  
 
Based on the results, we can now formulate a set of recommendations that should 
eleminate the causes of negative posts, enhance a positive perception of SN and its 
surveys, enforce motivation to comply, and decrease perceived response burden. As costs 
in time and money are important for entrepreneurs, it is important to reduce participation 
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costs and increase the (perceived) value of the surveys for the businesses. The 
expressions indicate that, just because most business surveys are mandatory, an NSI 
should not lean back but do its utmost to reduce perceived response burden. This icnludes 
the following: 
- Firstly, it is very important to facilitate and simplify the response tasks. Responding 

should be made as easy as possible, e.g. by adapting to commonly applied tools and 
software. Logging-on to the questionnaire, completing it, and sending the data should 
work properly and there should be no technical problems. These kind of negative 
experiences cause a negative perception and therefore a higher perceived burden, 
especially in combination with a coercive tone and the strict response deadline, and 
response chasing. Furthermore, our analysis shows that simplification of ques-
tionnaires enforces positive sentiments, which may lift the public image of an NSI.  

- Secondly, the unfamiliarity with SN, its role as surveyor of data, and producer and 
publisher of statistics needs to be reversed by developing a sound and coherent survey 
communication strategy (Snijkers 2009), with regard to lay-out, tone-of voice and 
motivation. Apart from advance and reminder letters, this includes e.g. providing 
background information of SN, its surveys, and the uses of the data in statistics, 
involving business organisations in the design of surveys, and having business 
representatives endorse survey compliance (Snijkers and Jones 2013). 

 
A final set of recommendations is related to the use of social media as communication 
channels to be used by NSIs. Social media can be used to disseminate statistics, but can 
also be used to communicatie with respondents. As such a webcare facility (Snijkers and 
Jones 2013) can be established to monitor the posts on social media, using alerts: as soon 
as questions and complaints pop up, these are addressed by answering the questions and 
providing assistance and additional information. This is expected from of a modern and 
adequatly reacting organisation nowadays. Furthermore, a set of sentiments indicators 
can be developed based on the numbers of negative and positive posts, and their relative 
rate, aimed at monitoring the sentiments among our business respondents over time.  
 
 
References 

 
Baker, P., Gabrielatos, C., Khosravinik, M., Krzyzanowski, M, McEnery, T., and Wodak, R. 

(2008). A useful methodologic synergy? Combining critical discourse analysis and corpus 
linguistics to examine discourses of refugees and asylum seekers in the UK press. Discourse 
& Society, 19, 273-306. 

Braun, V., and Clarke, V. (2006). Using thematic analysis in psychology. Qualitative Research in 
Psychology, 3, 77-101. 

Bruhn Jensen, K. (2012). A Handbook of Media and Communication Research. Qualitative and 
Quantitative Methodologies, 2nd edition. New York:Routledge.  

Bruhn Jensen, K., and Helles, R. (2011). The internet as a cultural forum: Implications for 
research. New Media & Society, 13, 517 – 533. 

Carey, J.W. (1989). A Cultural Approach to Communication. Communication as Culture. Boston, 
MA: Unwin Hyman, pp. 13 – 36. 



  - 10 - 

Cialdini, R.B. (2001), Influence. Science and Practice, Boston: Allyn and Bacon.  

Gabrielatos, C., and Baker, P. (2008). Fleeing, Sneeking, Flooding: A Corpus Analysis of 
Discursive Constructions of Refugees and Asylum Seekers in the UK Press 1996-2005. 
Journal of English Linguistics, 36, 5 – 38. 

Giesen, D. (2012). Exploring Causes and Effects of Perceived Response Burden. Paper presented 
at the Fourth International Conference on Establishment Surveys (ICES IV), Montreal, 
Canada, 11-14 june 2012.  

Giesen, D., and Hak, T. (2012). Not Willing, Not Able. Causes of Meaurement Error in Businsess 
Survey. Paper presented at the Fourth International Conference on Establishment Surveys 
(ICES IV), Montreal, Canada, 11-14 june 2012.  

Groves, R.M., Cialdini, R.B., and Couper M.P. (1992), Understanding the Decision to Participate 
in a Survey. Public Opinion Quarterly, 56(4), 475-495. 

Haraldsen, G. (2013, forthcoming). Quality Issues in Business Surveys. Chapter 3 in Designing 
and Conducting Business Surveys, G. Snijkers, H. Haraldsen, J. Jones, and D. Willimack, 
Hoboken: Wiley. 

Newcomb, H. And Hirsch, P. (1983). Television as a cultural forum: implications for research. 
Quarterly Review of Film Studies, 8 (3), 45 – 55. 

Ryan, G.W. and Russell Bernard, H. (2003). Techniques to Identify Themes. Field Methods, 15, 
85 – 109. 

Seale, C., Ziebland, S., and Charteris-Black, J. (2006). Gender, cancer experience and internet 
use: A comparative word analysis of interviews and online cancer support groups. Social 
Science & Medicine, 62, 2577-2590. 

Snijkers, G., B. Berkenbosch, and Luppes, M. (2007), Understanding the Decision to participate 
in a Business Survey, Proceedings of the Third International Conference on Establishment 
Surveys (ICES-III), American Statistical Association, pp. 1048-1059. 

Snijkers, G. (2008), Getting data for business statistics: a response model, Paper presented at the 
4th European Conference on Quality in Official Statistics, 8-11 July 2008, Rome, Italy. 

Snijkers, G. (2009). Getting Data for (Business) Statistics: What’s new? What’s next? Paper 
presented at the 2009 NTTS Conference (New Techniques and Technologies for Statistics). 
Brussels, Belgium. 

Snijkers, G., and Jones, J. (2013, forthcoming). Business Survey Communication. Chapter 9 in 
Designing and Conducting Business Surveys, G. Snijkers, H. Haraldsen, J. Jones, and D. 
Willimack, Hoboken: Wiley. 

Tesch, R. (1990). Qualitative Research: Analysis Types and Software Tools. New York, Falmar 
Press. 

Wenemark, M., Persson, A., Noorlind Brage, H., Svensson, T., and Kristenson, M. (2011). 
Applying Motivation Theory to Achieve Increased Response Rates, Respondent Satisfaction 
and Data Quality. Journal of Official Statistics, 27(2), 393–414. 

Willimack, D., and Snijkers G. (2013, forthcoming). The Business Context and Its Implications 
for the Survey Response Process. Chapter 2 in Designing and Conducting Business Surveys, 
G. Snijkers, H. Haraldsen, J. Jones, and D. Willimack, Hoboken: Wiley. 

Vroenhoven, J. van (2006), “Irritating!” (in Dutch: Storend!, in: Humor om te huilen), Tilburg: 
Brabants-Zeeuwse Werkgeversvereniging (BZW). 



The power of sharing information 
The e-Frame European Network on Measuring 

Progress and the Wikiprogress platform 
 

Donatella Fazio1, Salema Gulbahar2, Angela Hariche3 
1ISTAT, Italian National Institute of Statistics, e-mail: dofazio@istat.it 

2OECD, Organisation for Economic Co-operation and Development, e-mail: Salema.GULBAHAR@oecd.org 
3OECD, Organisation for Economic Co-operation and Development, e-mail: Angela.HARICHE@oecd.org 

 
 

Abstract 
 
In the last decade, Information Communication Technology (ICT) has revolutionised 
the manner in which information is created and shared. The process has had a direct 
impact on statistical data’s dissemination, visualisation and retrieval. At the same 
time, the focus of the statistical and economic agenda is shifting to devising new 
methods of measuring well-being and societal progress beyond GDP. In view of these 
influences and the possibilities that Web 2.0 allows, this paper will illustrate some of 
the promises of the Wikiprogress (OECD) and the “e-Frame European Network on 
Measuring Progress” (ISTAT) networks. This paper will also show how these 
platforms serve as powerful tools for connecting stakeholders and how they engage in 
the discussion on the official and non official statistics contributing to shape “the 
way” information and data is collected, produced and shared with the aim to reduce 
the gap between what statistics say and what people perceive. 
 
 
Keywords: beyond GDP, Web2.0, information and data sharing 
 
 
1. Introduction 1 
 
ICT has deeply changed the way information is presented, distributed and accessed. 
The process is definitive and inexorable and it is undoubtedly recognized its impact 
on statistical data dissemination, visualization and retrieval. In the frame of Europe 
2020 strategy, the process was attested by the broadcast of the Digital Agenda for 
Europe (DAE)2 launched with the aim to deliver sustainable economic and social 
benefits from a digital single market based on fast and ultra fast internet and 
interoperable applications. The DAE identifies priority areas to develop through 101 
actions which, combined, contribute to help to reboot the EU economy and enable 
Europe's citizens and businesses to get the most out of digital technologies. All the 
actors belonging to the European Statistical Systems are encouraged to adopt the 
DAE actions to leverage the Internet maximising ways of disseminating and sharing 
statistical information and data.  

                                                 
1 The paper has been thought by the three authors. 
Section 1, Section 3 and Section 4 have been compiled by Donatella Fazio (ISTAT). 
Section 2 and Section 5 have been compiled by Salema Gulbahar and Angela Hariche (OECD). 
Section 6 has been compiled by the three authors. 
2 http://europa.eu/legislation_summaries/information_society/strategies/si0016_en.htm 
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In the last decade, Web 2.0 applications, including Wikipedia, Facebook and Twitter, 
as well as the innovative concepts of “collective intelligence” and “crowdsourcing” 
have transformed the manner in which information is created and shared. With the 
advent of new online participatory platforms which enable virtual communities to 
interact, the way which statistical producers and consumers of information create 
content is also changing expanding the horizons of information. 
In addition to the expansion of Web 2.0 the last decade has shifted the focus of the 
statistical and economic debate to topics related to the measurement of well-being and 
societal progress. The debate attained global visibility through several specific 
initiatives, including the OECD3 World Forums held in Palermo 2004, Istanbul 2007, 
Busan 2009 and New Delhi 2012. In 2008 the then president of France, Nicolas 
Sarkozy, set up the famous Stiglitz-Sen-Fitoussi Commission4. Since then, the debate 
has engaged the general public, as well as universities and other research institutions. 
It was promulgated the European Commission’s communication on ‘GDP and 
beyond’ (2007) followed by the establishment, by the European Statistical System 
Committee (2009), of the sponsorship group on ‘Measuring Progress, well-being and 
sustainable development’5. In 2012, the OECD, through its Better Life Initiative, 
launched the “How’s Life” report with the aim to gather and analyse indicators on the 
well-being of individuals and households6. Over time, at European level many other 
initiatives have been carried out by both the public and private world of research and 
at institutional level. 
This paper, after a focus on “Web 2.0 and wiki” in Section 2 and a review on the 
“beyond GDP” debate in Section 3, will illustrate the experience of two online 
networks which use the power of the internet to support the agenda related to 
measuring well-being and societal progress: the e-FrameNET and Wikiprogress. In 
Section 4 the ISTAT7 experience of the “European Network on Measuring Progress” 
(e-FrameNET), conceived by the e-Frame FP7 Project8 funded by the European 
Commission, will be deepened. Section 5 will focus on the Wikiprogress platform9 
hosted by the OECD illustrating the journey so far. Section 6 will address the lessons 
learned at the European and global levels through these experiences. 
 
 
2. What is Web 2.0? What is a wiki? 
 

"We're looking at an explosion of productivity and innovation, and it's 
just getting started, as millions of minds that would otherwise have 
drowned in obscurity get backhauled into the global intellectual 
economy”10.  

                                                 
3 The Organisation for Economic Co-operation and Development (OECD), www.oecd.org 
4 http://www.stiglitz-sen-fitoussi.fr/documents/rapport_anglais.pdf 
5 Sponsorship Group co-chaired by the Eurostat and FR-INSEE (National Statistical Institute of 
France) Directors General, with the participation of 16 Member States (Presidents/Directors General of 
NSIs: AT, BG, CH, DE, DK, ES, FR, IT, LU, NL, NO, PL, SE, SI, SK, UK) as well as OECD and 
UNECE. 
6 The report is structured along the dimensions identified by the Stiglitz-Sen-Fitoussi Commission, and 
focuses on both average conditions of households and specific population groups in OECD and 
selected non-OECD countries. Accompanying the publication, OECD launched the Better Life Index. 
7 The Italian National Institute of Statistics, www.istat.it 
8 www.eframeproject.eu 
9 www.wikiprogress.org 
10 Time magazine explains why it chose the collective "You" as the 2006 Person of the Year, December 2006 
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Web 2.0 platforms, such as Wikiprogress and e-FrameNET, are tools in an era of 
mass-collaboration and participation. Blogs, wikis, Facebook, or any other site that 
allows for producers and consumers of content to meet via consumer/user comments 
or other contribution would be deemed as Web 2.0. They are part of a rapidly 
changing process in how we deal with global issues. According to “Wikinomics”11 
this movement is “the new force that is bringing people together on the Net to create a 
giant brain” which allows for greater diversity in contributions. The new forms of 
collaboration and connectivity that they offer have facilitated global problem-solving. 
Web 2.0 is also deeply changing the way that statistical information and data are 
presented, distributed and accessed. It has affected the dissemination, visualization 
and retrieval of statistical data through a top-down approach. Today, Web 2.0 offers 
new ways of collecting and producing information, requiring the involvement of 
communities for data collection (‘Big Data’). The approach redefines statistics by 
proposing a bottom-up approach for data which allows for non-official sources to be 
standing along-side the official.  
The openness and collaboration that Web 2.0 makes possible represent a 
“democratisation” of innovation in collaboration. Many Web 2.0 based campaigns 
and community initiatives have flourished throughout the world in recent years.  
These tools were introduced to give rise to collaborative infrastructures to tackle 
challenges such as: humanitarian crises and emergency response, the effects of 
climate change, fostering sustainable development, combating poverty and hunger, 
increasing food security and providing universal primary education. Using platforms 
like wikis can harness the collective knowledge and ingenuity of individuals and 
businesses that might otherwise not be possible.  
Today, Wikiprogress, hosted by the OECD is an important collective platform 
contributing to this movement. Launched in 2009, it serves as a collaborative tool for 
harnessing ideas on measuring progress beyond GDP. Is also and exemplifies how 
Web 2.0 technologies can contribute to solving global problems. Wikiprogress is an 
open source platform (all content and activity is visible). Like Wikipedia, it is 
crowdsourced, which allows a community of users to generate content by developing 
information on a particular subject or within a particular field with light post- fact 
quality control conducted by Wikiprogress editors. It is essentially a database of 
information that can be browsed, searched, created and edited by anyone who has a 
log in. More facets of Wikiprogress—its motive and its vision will be illustrated in 
Section 5. 
 
 
3. The “beyond GDP” debate  
 
In the last decade, discussions on measuring of well-being and societal progress 
beyond GDP have been at the forefront of the European and global agenda.  
For a long time, economic growth has been identified with progress. GDP has been 
universally considered the standard measure of economic progress. An increase in the 
production and consumption of goods and services, indicated by an increase in Gross 
Domestic Product (GDP), has been seen to represent economic growth. GDP 
represents a macroeconomic measure of the size of economic activity, and, at the 
individual level, it is a requirement for well-being. However, the relationship between 

                                                 
11 Wikinomics: How Mass Collaboration Changes Everything, Don Tapscott, Anthony D. Williams, Portfolio, 2008 
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the level of the economic activity and individual well-being is not directly 
proportional.  
Reservations over the use of GDP as a measure of well-being are not recent. In 1968, 
in his famous campaign speech, Robert F. Kennedy declared:  
 

“The Gross National Product does not allow for the health of our 
children, the quality of their education, or the joy of their play. It does 
not include the beauty of our poetry or the strength of our marriages, the 
intelligence of our public debate or the integrity of our public officials. It 
measures neither our wit nor our courage, neither our wisdom nor our 
learning, neither our compassion nor our devotion to our country; it 
measures everything, in short, except that which makes life worthwhile.”   

 

Nowadays, nearly 45 years after that speech and due to the long-lasting international 
debate on the issues it contributed to raise, the need to go beyond GDP to measure the 
well-being of people and societal progress is fully recognised at all levels in a 
worldwide dimension. Moreover, the necessity to look for a new vision of measuring 
economic growth is vital in the perspective of the on-going international crisis which 
highlights the urgency to put ‘Man’ at the centre of the economic evaluations. 
At the start of the new millennium, the well-being agenda started to have a worldwide 
dimension thanks to a number of international initiatives. The OECD began to work 
rigorously on this thematic since 2001 and, recognising the necessity for a wide-
ranging reflection on the various themes and multiple dimension of the progress of 
societies, has organised the World Forums to discuss these issues at a global 
perspective (Palermo 2004, Istanbul 2007, Busan 2009 and New Delhi 2012)12. In 
2008 the then French President Sarkozy launched the Commission on the 
Measurement of Economic Performance and Social Progress (the Stiglitz-Sen-
Fitoussi Commission). The Commission stressed the necessity to move the attention 
from measuring economic production to measuring individual well-being, thereby 
identifying the limits of GDP as an indicator of economic performance and societal 
progress13. 
Over time, the debate was carried on within different initiatives, promoted by both the 
public and private world of research and at institutional level. At a European level it 
was promulgated  the European Commission’s communication on ‘GDP and beyond’ 
(2007) followed by the establishment, by the European Statistical System Committee 
(2009), of the sponsorship group on ‘Measuring Progress, well-being and sustainable 
development’, which concluded its work in 201114. The sponsorship group was 
created with the aim of translating the recommendations of the Stiglitz-Sen-Fitoussi 
Commission report into concrete actions in charge of the National Statistical 
Institutes (NSIs), calling on them to push the definition of sound and timely statistics, 
thus implying a better use of all the available statistics and developing new statistics 
and concise indicators. 
These discussions have been greatly enhanced by Web 2.0 opportunities. Internet has 
deeply helped to enlarge the debate undeniably contributing to make it possible to 

                                                 
12 4th World Forum http://www.oecd.org/site/worldforumindia/, previous World Forums 
http://www.oecd.org/site/worldforumindia/previousoecdworldforums.htm 
13 http://www.stiglitz-sen-fitoussi.fr/documents/rapport_anglais.pdf 
14http://epp.eurostat.ec.europa.eu/portal/page/portal/pgp_ess/0_DOCS/estat/SpG_Final_report_Progres
s_wellbeing_and_sustainable_deve.pdf 
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fully recognise that the topics on GDP and beyond and well-being constitute the main 
issues to discuss focusing on the production of indicators of the measurement of well-
being and societal progress within the official statistics and beyond. Many initiatives, 
at European and global level, have set up to enlarge the community involved in the 
discussion in order to share the knowledge, the information and the data on 
Measuring Progress taking advantage of Web 2.0.  Now ICT Web 2.0 is pushing on 
implementing the new ways of collecting and producing information, requiring to 
involve communities and collect data from communities (‘Big Data’) reshaping the 
“definition” of statistics requiring a bottom-up approach. 
One of the most notable bottom-up approach initiatives is the OECD’s Better Life 
Index15, launched in 2011, in order to answer one of the world’s most pressing 
questions: Are our lives getting better? The Better Life Index is designed to invite 
users to visualise and compare some of the key factors – like education, housing, 
environment – that contribute to well-being in OECD countries. The aim is to allow 
understanding what drives well-being of people and nations and what needs to be 
done to achieve greater progress for all. With the awareness that there is more to life 
than the cold numbers of GDP and economic statistics, the Index is an interactive tool 
that allows seeing how countries perform according to the importance the user gives 
to each of the 11 topics that make for a better life.  
On the side of the EU NSIs, called to follow the conclusions of the EC sponsorship 
group on ‘Measuring Progress, well-being and sustainable development’ in order to 
develop new official statistics and concise indicators beyond GDP, bottom-up 
approach initiatives of stakeholder consultation and dialogue with society at large are 
currently carried out. The Italian National Institute of Statistics (ISTAT) has instituted 
the CNEL16-ISTAT initiative for measuring Equitable and Sustainable Well-being in 
Italy “BES”17 within which it has been carried out a deliberative process for the 
definition of a theoretical framework for the measurement of well-being and the 
selection of the indicators which are composing it. The selection of indicators has 
been done through the dialogue between a scientific commission of experts, a 
national steering committee with entrepreneurs, unions and the civil society at large, 
supported by public meetings, a national survey, a blog and an online questionnaire. 
The result of the consultation has provided a decision co-established by the Italian 
society at large.  
 
 
4. e-Frame European Network on Measuring Progress  
 
In 2012, with the overarching goal of stating a European position on the measurement 
of well-being and progress beyond GDP and able to interact at global level, the e-
Frame European Network on Measuring Progress (e-FrameNET), hosted by 
Wikiprogress platform, was set up by ISTAT. e-FrameNET is an offshoot of the e-
Frame EU FP7 Project18

. It received funding from the European Commission’s FP7 
Work Programme 2011 to answer the EC’s call:  

                                                 
15  http://www.oecdbetterlifeindex.org/ 
16 The Italian National Council for Economics and Labour,  www.cnel.it 
17 www.misuredelbenessere.it 
18 e-Frame European Framework for Measuring Progress is a FP7 project (2012-2014) which aims to 
foster the on-going debate on the measurement of well-being. It is based on a Consortium of 19 
partners (NSI’s, civil society organisations, universities, research centres, OECD) coordinated by 
ISTAT and CBS-Netherland Statistics, www.eframeproject.eu 
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“to ensure that European research activities in the field of official 
statistics and related areas, and, in particular those related to the 
‘Beyond GDP’ and related initiatives such as the Stiglitz-Sen-Fitoussi 
report, take place in a co-ordinated manner” 19.  
 

The e-FrameNET, launched at the European Conference on Measuring Well-Being 
and Fostering the Progress of Societies (26-28 June 2012, OECD, Paris)20, was set up 
with the objective to contribute to the establishment of a European position on the 
issues related to methodological and theoretical aspects of new indicators for the 
measurement of societal progress and well-being beyond GDP. At the same time, it 
aimed to drive the debate towards the highly global Wikiprogress platform.  
The Network’s structure allows members to communicate through the e-Frame 
website and the Wikiprogress platform in order to connect stakeholders, researchers, 
organisations and policymakers in the ongoing debate on what constitutes the most 
“accurate” measurement of well-being and societal progress. It involves stakeholders 
in the e-Frame project by facilitating the dissemination of relevant content.  
The e-FrameNET is hosted by Wikiprogress and represents the European Network, 
which functions alongside the Regional Networks of Africa and Latin America. It 
contributes to discussion at a regional and subject-specific level. The European 
Network provides a platform for sharing knowledge and measuring well-being and 
progress in Europe. Members of the e-FrameNET are organised in a database21 that 
allows for the creation of mailing lists and for disseminating details about relevant 
activities. The Network’s aim is to elevate the visibility of the findings of pertinent 
projects on progressing beyond GDP. The Network forms a community of academics, 
analysts, opinion leaders and citizens around the subject of measuring well-being in 
European countries. Key members include the European National Statistical 
Institutes, civil society organisations, academia and research centres. 
 
 
5. Wikiprogress, the journey so far  
 
A critical gap exists between what official statistics say about economic performance 
and how people perceive their own living conditions. Many acknowledge the risk it 
poses if populations lose faith in governments’ ability to address “what matters” in 
their lives. This disenchantment with governments threatens the very functioning of 
democracy. A decade ago, the OECD started to address these concerns. In 2007, it 
launched the Wikiprogress at the 2009 OECD World Forum in Busan, Korea.  
The goal of Wikiprogress22 is to nurture a Web community of users around the vision 
of measuring the progress of societies by creating a place where progress data and 
research articles can be loaded, visualised and analysed, so that well-informed 
decisions about societies can be made at the local, national and international levels.  
The discussion on the need to move ‘beyond GDP’ is not new. What is new today is 
that this discussion has moved beyond the realm of specialists and academics towards 
the involvement of policy-makers, civil society and citizens at large. Since its launch 

                                                 
19https://ec.europa.eu/research/participants/portal/ShowDoc/Extensions+Repository/General+Documentation/All+work+programmes
/2011/Cooperation/h-wp-201101_en.pdf,  Work Programme 2011 Socio-Economic Sciences and the Humanities , page 39 
20 http://www.oecd.org/site/progresseurope/ 
21 The database is centrally managed by ISTAT respecting the privacy rules  
22 www.wikiprogress.org 
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4 years ago, Wikiprogress has become a global online hub for discourse and 
information sharing on ‘measuring progress and well-being’ of societies. 
Wikiprogress has hosted online discussions, provides daily media reviews and 
connects with the measuring progress community via a monthly newsletter, weekly 
blogs, daily tweets and Facebook postings. It centralises regional and research 
networks that are all part of the international movement to look beyond GDP in 
measuring the progress of societies. It is based on strong partnerships as the core of 
the ‘measuring progress’ community23.  
 

Key statistics of Wikiprogress 
 

Wikiprogess has seen significant and continuous growth since its launch in 
September 2009, as demonstrated by the graph featured below.  

 
Wikiprogress monthly visits January 2009 – November 2012  

(Google Analytics) 
 

 
 

 

 

 

 

 

 

 

 

Wikiprogress achievements can be summarised by some key statistics:  

• monthly visits have risen from 1,037 in January 2010 to 15,727 in November 
2012; has received 216,096 unique visitors (individual people) and 6,174,279 
page views (Mediawiki) 

• in 2012, had an average of 12,000 unique visitors per month  (80% of whom 
were new) and 70 new articles each month 

• over 30,000 subscribers to the monthly eBrief and ProgBlog and over 2,000 
registered users 

                                                 
23 Australian Bureau of Statistics (ABS), Applied Survey Research, Auditevaluation, Bertelsmann 
Stiftung, Center for Societal Progress, Central Statistical Office, Foro Consultivo Científico y 
Tecnológico, Hungarian Central Statistical Office, Italian National Institute of Statistics , The Spinoza 
Factory, Overseas Development Institute, Phylos International Political Economy, Research Group on 
Normative Conditons of Development Cooperation, School for Wellbeing Studies and Research, 
Social Science Research Council, Social Weather Stations,  State of the USA, Statistics South Africa, 
Suan Nguen Mee Ma Co. (GNH Movement project), The Centre for Bhutan Studies, The Israeli 
Society for Sustainable Economics, University of Manchester, Wellbeing Wales Network, 3ie 
International Initiative for Impact Evaluation, ASCD Whole Child, GALLUP, Research into Child 
Health in Europe, UNESCO Institute for Statistics, UNICEF, Save the Children, Health Behaviour in 
School-aged Children. The Wikiprogress Latin America, Africa, Europe and Global Research, Gender 
and Child Networks. 

1,037 

 
8,464 

12,4984 

 
15,727 
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• 1,221 Twitter Followers, 2,882 tweets; on Facebook a total of 686 ‘likes’. 

The platform is quite unique; currently there are no other web 2.0 platforms that serve 
the ‘measuring progress community’ in this way, allowing them to easily share, 
access and discuss information and receive the latest media reviews. The wiki 
platform facilitates collaboration and participation, ensuring that the movement is 
inclusive and growing.  
It is not only the community that makes Wikiprogress effective, but also the diversity, 
quality, quantity and accessibility of the content and communication tools.  
There are now over 1,416 articles on Wikiprogress. Content in the area of well-being 
and progress measures is drawn from a wide variety of sources, including the OECD, 
other international organisations, governments, research bodies, and NGOs. The 
categories of articles existing on the platform are: information by topic; information 
by country; progress initiatives; progress publications; and progress-related events.  
 

Wikiprogress Networks 
 

Wikiprogress Africa, Europe and Latin America Networks provide a platform for 
knowledge sharing on measuring progress in their respective regions.The general 
objective of these Regional Networks is to: a) create a community at a regional level 
around the vision of measuring the progress of societies; b) create a place in 
Wikiprogress where region specific progress data and research articles can be loaded, 
visualised and analysed; c) invite and inform all parties of the progress community in 
the region, citizens and policy makers alike to join the debate on progress. 
a) Wikiprogress Latin America Network was launched in May 201124. It is a 

community of academics, analysts, opinion leaders and citizens on well-being 
measurement in Latin American countries. Founding members include Inter-
American Development Bank (IADB), Foro Consultivo Científico y Tecnológico 
and the OECD. 

b) Wikiprogress Africa Network was launched in April 201225. Founding members 
include UNECA, along with the High Commission for Planning of the Morocco 
and the OECD Development Centre.  

c) The European Network on Measuring Progress was launched in June 201226. The 
network is part of the FP7 project e-Frame European Framework for Measuring 
Progress, which aims to foster the on-going debate on the measurement of well-
being. It determines the progress of relevant stakeholders and supports the 
National Statistical Institutes' measurement initiatives in this area. 

 

Wikiprogress includes four theme specific networks: 
 

1) Wikigender was created in 2008 to bring together data and articles on gender 
equality globally. It currently has over 30,000 unique visitors per month in its 
growing community. 

2) Wikichild was integrated into the Wikiprogress portal in 2011; it is a global 
network and resource containing current and relevant information, discussions, 
research, data and media articles on child well-being. In 2012 the number of 
monthly visitors to the portal increased from 600 in January to over 1,300 in 
November.  

                                                 
24 Latin American Conference on Measuring Well-being and Fostering the Progress of Societies, May 2011, 
Mexico City 
25 African Conference on Measuring Well-Being and Fostering the Progress of Societies, April 2012, Rabat 
26 European Conference on Measuring Well-Being and Fostering the Progress of Societies, June 2012, Paris. 
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3) Global Progress Research Network (GPRNet) is an international multidisciplinary 
network of individuals committed to promoting research on societal progress, 
including its meaning, measurement and development. In 2012 the network led 
the online discussion on “Leading Change: The Canadian Index of Well-being”. 
The GPRN built upon its role as a ‘network of networks’ by facilitating a 
discussion at a fringe meeting of the 4th World Forum on "Statistics, Knowledge 
and Policy”. 

4) Wikiprogress.Stat provides progress-related and citizen-generated data; it is a 
statistical tool with accompanying visualisations that facilitates the task of data 
collection, analysis and dissemination. Through Wikiprogress.Stat, anyone can 
upload data, access and visualise the information.. The overall aim of 
Wikiprogress.Stat is to create a robust database of progress indicators for a wide 
range of regions, over the longest possible time-scale with a visualisation facility, 
which allows for better communication of the stories. 

 

Communications tools 
 

Wikiprogress is able to reach and engage with a large and diverse audience using 
numerous communication tools: 
• the Wikiprogress eBrief monthly electronic bulletin provides a snapshot of current 

news features and initiatives. The eBrief drives traffic to Wikiprogress while 
raising the profile of its contributors and the Wikiprogress networks in their 
marketing of the connected themes of progress. The eBrief goes to over 30,000 
subscribers every month. 

• the Wikiprogress ProgBlog, features posts on the latest research, data, initiatives 
and developments. The 124 blogs posted in 2012, received over 29,920 page 
views and 6,591 unique visitors. Contributions in 2012 came from diverse sources 
like the nef, Overseas Development Institute, UNESCO and Save the Children. 

• Wikiprogress online discussions are a newer addition and included the discussion 
on “Leading Change: The Canadian Index of Well-being”. It gave members 
opportunity to offer and find sounding boards, expand their knowledge base, 
identify sources of information and pertinent connections with other experts.  

• Social media has revolutionised the way we communicate and interact with news, 
information, products, ideas and each other. Twitter is an important 
communication tool for Wikiprogress; it has 2-5 tweets a day. The Facebook page 
updates an engaged community on major events, reports, media articles and 
comments with at least 30 posts per month.  

• The Wikiprogress Community Portal (CP) is the only daily updated news and 
information source focused on measuring progress currently on market and is 
often used to update the social media platforms and vice versa. It contains: a 
media and blog review; an archive of special focus media reviews; a listing of 
recently published papers; a multimedia gallery that includes videos, info graphics 
and images; news from the networks; a discussion space and the option to share 
ideas.  

 
 
6. Pitfalls and lessons learned 
 
The journey of Wikiprogress and e-FrameNET has a few lessons learned: 
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- Online platforms take work and money. When you open your platforms up for 
contribution, partnerships and programs are necessary. Online discussions are a 
very good way of getting users to contribute. 

- Web 2.0 is cheaper than some things but still costs money. While wiki’s can be 
termed as “plug and play” or “off the shelf”. You communities will have demands 
that need to be met. So, strong technological staff needs to be in place. 

- Quality assurance. There is a perception that participatory platforms might not 
produce articles of good quality. While we feel that diversity and inclusion are 
two key elements to “good quality”, the Wikiprogress team does a light post facto 
review of articles submitted. This process has worked well.  

The gap between what statistics say about economic performance and how people 
perceive their own living conditions is far from closed. It is felt by many that this 
poses a real risk that people will lose faith in governments’ ability to address “what 
matters for them”. These online communities are a contribution to this movement to 
try to understand what matters to citizens, how to measure it and eventually foster 
real change. As the power of online communities grows ever stronger, it will 
undoubtedly be useful learn from Wikiprogress and the e-FrameNET experience. The 
Web 2.0 platforms and networks facilitate collaboration and participation, ensuring 
the movement is inclusive and growing. These platforms part of the force behind a 
new era of mass collaboration and participation that is changing the way global issues 
are dealt with. The experiences of the e-FrameNET and Wikiprogress are helping to 
reshape the ways in which statistical information and data can be shared and 
disseminated and how it is possible to engage citizens and motivate them to 
contribute and access statistics.  
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Abstract  
 
Structural Business Statistics relies on both administrative and complementary survey 
data in order to compile statistical variables. Among the administrative data sources, the 
profit and loss accounts are most valuable.  When making estimations VAT tax data may 
be used alongside profit and loss accounts. While VAT data also refer to concepts such as 
turnover, purchases or investments, their definition differs from that generally used in 
accounting. This is the major challenge in the combined use of these administrative 
sources to make estimates of a complete set of SBS variables for a given enterprise. 
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1. The need for imputations 
 
SBS variables are normally compiled using a number of profit and loss account codes 
with other items retrieved from the data entry fields of the XBRL on-line SBS survey 
forms. These forms include the administrative totals the enterprise has communicated in 
its profit & loss account and balance sheet. As such the respondent can quickly assess 
whether the data entered are coherent. 

In an effort to reduce the response burden on small businesses, their survey frequency 
was reduced to one year out of three, whereby a rotation scheme is applied. Alternately 
small services businesses, small shops and gross trade businesses and small construction 
and manufacturing enterprises are surveyed. The missing information during two non-
survey years is then imputed, using the complete data of the respondent during the 
previous survey and the two sets of former and new administrative data. 
 
 
2. Current Status 
 
In the on-going project on estimating variables for structural business statistics, we have 
been analysing the match between imputations made for respondents and their true data 
having come in. Three different situations may apply: 



• Complete accounting scheme: then VAT data are normally not used as accounting 
data on turnover and purchases are available with definitions allowing to calculate 
a fairly decent proxy, 

• Abbreviated accounting scheme: then VAT data may be used as accounting data 
on turnover and purchases are not always available and their lack of completeness 
doesn't allow calculating a decent proxy, 

• Self-employed (or small employers) that don't file accounts: VAT data are then 
the only administrative source for turnover, purchases and investments. These 
rough proxies are but a guestimate on turnover and purchases. 

 
 
3. Strength and weakness of a ratio imputation scheme 
 
When making an estimate for a SBS variable, it needs to be emphasized that the major 
contribution of the main variables is found in the profit and loss account. Survey data 
fields generally constitute a correction on that administrative proxy. The ratio imputation 
scheme assumes these corrections to be enterprise specific. An enterprise reporting 
consistently on a survey data entry field will see the related SBS variable fluctuate 
proportionally to the administrative proxy. In such case, the administrative proxy 
consistently over- or underestimates the true SBS variable by a certain percentage. The 
ratio estimation scheme will correct at its best if the above assumption holds. Secondary 
variables within SBS generally derive from one main variable. All cost or input related 
characteristics have their code starting with ‘13’, while the codes for the main revenue 
related variables start with ‘12’. The current ratio imputation scheme assumes the cost 
structure to remain fairly constant. A retailer will consistently spend most of its total 
purchases on goods for resale. That observed ratio is then consequently applied to the 
total of purchases for the two years following the survey. Alternatives are being studied, 
as published by D. Lewis (2012) within the framework of the on-going ESSnet Admin 
Data (WP3) project, sponsored by Eurostat. 
 
While ratio imputation gives very reliable results for a large majority of enterprises, the 
aggregates prove error prone due to some mismatches between administrative proxies 
and statistical variables. Moreover, whenever an enterprise in the year observed was in an 
atypical situation: e.g. just after starting up or activity suspended for whatever reason, it 
is not possible to calculate reliable estimates for the business running normally. Any 
mismatch between the statistical variable and its administrative proxy counterpart will in 
this case only aggravate the estimation error. 
 
 
4. Improving the robustness of the ratio imputation scheme 
 
A first benchmark exercise consists in comparing a complete set of SBS variables 
observed for any respondent to the set of prior estimations of SBS variables made for that 
same enterprise. The results of that exercise will be reported on in more detail. 



 
The project of “Improving the robustness of a ratio imputation scheme” is aiming to 
target the mismatches between statistical variables and their administrative proxies of the 
same accounting period. The main goal is finding a procedure capable of avoiding flawed 
estimates. The current imputation program procures a set of Eurostat defined SBS 
variables. Therefore, the automated input editing program designed to checking input 
fields on existing XBRL electronic questionnaires is not fit for this purpose. A number of 
ad-hoc tests have been applied to check for potential outliers. As the number of potential 
flaws is considerable, there is a certain risk of misallocation of editing efforts. While on 
the one hand this leads to over-editing and a potential introduction of bias, some other 
anomalies have remained undetected. 
  
Existing correlations, identities and inequalities among the output set of (historic) 
Eurostat variables and the ex-ante knowledge of any mismatches between these variables 
and their historic administrative proxy counterparts, can be used direct the imputation 
procedure along different programming branches where deemed necessary. The project 
aims at implementing these features in the imputation procedure. 
 
 
4.1 Improving the robustness of VAT data based imputations 
 
Definitions of VAT turnover and VAT purchases differ of those used in accounting. 
Moreover, though accounting definitions conceptually are closer to the SBS variables, 
some important differences exist. VAT based proxies being only a distant nephew of the 
SBS variables is in fact a strong rationale for using ratio imputation. The risk is that the 
evolution of the VAT proxies may differ from those of the SBS variables if enterprises 
were surveyed yearly. 
 
A first observation is on large enterprises which rely on (generally complete) accounting 
schemes providing reliable proxies. We now check how the SBS variables for turnover 
and costs relate to the VAT proxies, using a distribution plot of the ratio. Firstly, it needs 
to be emphasized that 120 or 3% of the enterprises have at least one outlier for this ratio: 
this means that reported turnover and/or purchases are over three times larger than the 
VAT proxy. Using VAT data as proxies would in these cases yield an underestimate of 
the true values. 
 
As shown in figure 1, the distribution luckily peaks at unity value, confirming that the 
reported turnover SBS variable is most often coinciding with the VAT proxy. A close 
match for 60% of the cases and an acceptable match (within -20% to + 25%) in 86% of 
the cases are more or less reassuring. 
 
The situation is more cumbersome for VAT purchases which often seem to exceed the 
SBS purchases variable (13 110). The distribution peaks around 0.66 and averages 0.76, 
making the VAT purchases proxy a highly biased (almost consistently overestimate) of 
the purchases SBS variable. The ratio distribution also is a lot broader; proving that the 
VAT proxy is also is a much less reliable estimate for the SBS variable. An analysis of 



1000 SME’s effectively surveyed in 2010 provides similar results, with the modal ratio 
between reported SBS purchases and its VAT proxy now standing at 0.85 (rather than 
0.66). At the other side, the smaller number of observations makes that modal value less 
reliable. 
 

 

Fig 1: Ratio of turnover as reported (SBS variable 12 110) to the VAT turnover proxy 
 
 

 

Fig 2 : Ratio of purchases as reported (SBS variable 13 110) to the VAT purchases proxy 



 
By consequence, it is expected that VAT (turnover – purchases) as a VAT proxy for 
value added is most likely to be a highly biased underestimate of its statistical 
counterpart, the SBS variable 12 150. There is no clear proof for such discrepancy. A 
possible reason is that VAT records list purchases VAT inclusive. Businesses reclaim 
VAT for their purchases. Hence, in the profit and loss accounts purchases are likely to be 
listed VAT exclusive. Another possible discrepancy may be that VAT declarations break 
down enterprise total purchases differently into current expenses and investments (fixed 
capital formation). 
 
 
4.2 Ratio imputation: its successes and failures 
 
In previous section, we have studied how two main statistical variables relate to their 
VAT proxy. Even though VAT purchases proxies are biased relative to the statistical 
variable, ratio imputation still may work out well, provided that said bias is constant over 
time. A good indication is checking the evolution over time of the VAT proxies. 
 
Table 1: Evolution over time of VAT declared turnover and VAT purchases. 
 

Evolution 2010-2011 Turnover Purchases 
Median value 1.064 1.082 
Average value 1.123 1.144 

 
The evolution over time is similar for both proxies and purchases slightly outpacing 
turnover is consistent with the deterioration of the business climate. For the median 
enterprises or any enterprise in the bulk of the SBS variable to VAT proxy distribution, 
ratio estimation is providing decent estimation results. The above average values concern 
the distribution of year-to-year ratios cut off at a maximum of four (or a 300% increase). 
 
Imputation failures that threaten the correctness of the aggregates concern several cases: 
 

• Purchases ratio values near zero implying VAT proxies much larger than the 
statistical purchases variable as reported by the business. The number of such 
anomalies largely exceeds that of the equivalently defined VAT turnover ratio. 
Not only are VAT purchases proxies biased, a significant number of them have 
values far beyond what is reported by the businesses. 

• VAT turnover or purchases year-to-year growth in excess of 4 (or over 300% 
higher). Whereas it is obvious that the VAT year-to-year growth of the VAT 
proxies sometimes is in excess of said 300%, few extreme values arise. Quite 
often they originate from a business just starting up or having suspended activities 
when surveyed. VAT proxies in the reference period then are extremely small and 
ratio imputation cannot possibly provide a reliable estimate for the business up 
and running normally. 

• One of the elements missing or zero (the historic statistical variable or one of the 
VAT proxies). The ratio imputation then is either undefined or zero by definition. 



As ratio imputation fails, the VAT proxies are a possible set of values for turnover and 
purchases. In this case, the bias of the purchases value needs being compensated for. 
Assuming that the bias originates from including VAT paid on purchases, we may 
compensate for this. VAT records don’t provide any detail on the VAT percentage paid; 
however the prevalent high VAT rate of 21% applies for most goods and services, except 
food and a few other products or services. As a rule of the thumb we divide VAT 
purchases by 1.2 to obtain an unbiased estimate of purchases as would be reported in the 
profit and loss account. 

Imputing the proxy for turnover and the tuned purchases proxy also yields a proxy for 
value added. This set of values enables calculating the majority of the financial SBS 
variables, using a suitable donor enterprise for a hot-deck imputation of the ratios 
between the auxiliary variables and these three main variables. 
 
At the start of this section, it was pointed out that median and average year-to-year 
growth of turnover and purchases are closely related. On the individual enterprise level, 
this unfortunately is not the case. The below graph shows the natural logarithm of growth 
of turnover and purchases plotted against one another. The origin indicates a company 
with stable turnover and purchases. 
 

 

Fig. 3 : Log-log representation of the year-on-year evolution of the VAT turnover proxy 
(LCA_Grow) and the VAT purchases proxy (LCST_grow). Natural logarithms 
are chosen, 1 meaning a multiplication by e=2.718. 

 
Most observations are predictably scattered on an increasing slope, with turnover and 
purchases fluctuating proportionally. Quite a few observations are atypical, with turnover 



increasing while costs are reduced (upper left) or costs soaring but turnover declining 
(observations at the lower right). An atypical large or small value in the denominator (the 
previous observation) is most likely responsible for extreme variations. In the atypical 
cases, it needs to be checked whether the administrative proxies match the statistical 
variables at the previous observation. If so, the imputation process is yielding a very 
atypical observation, with value added completely distorted by the incoherent evolution 
of turnover and purchases. A mismatch between statistical variables and their proxies is a 
clear counter indication for the use of ratio estimation, especially when the administrative 
proxies seem to evolve out of lock.  
However, even with growth for both administrative proxies coherent, ratio estimation can 
be error prone for large growth observations (the upper right corner of the graph). It then 
is concluded that the business in the new statistical year is no longer in the same league 
as it was at the previous observation.  
 
 
4.3 Improving the robustness of the imputation scheme for small 

enterprises using an abbreviated accounting scheme. 
 
The vast majority of small employers are businesses using an abbreviated accounting 
scheme. In this case mentioning purchases and turnover in the profit and loss account is 
optional, while an operational margin (a good proxy for value added) is compulsory. 
 
Having a triple input allows prior checking of the coherence between VAT proxies and 
value added as reported in the profit and loss (P&L) account. Whenever the P&L reports 
turnover and purchases, the VAT proxies will be disregarded, since P&L account values 
not only are coherent but also are thought to be the more reliable estimates, since their 
definition is closer to that of the SBS variables. 
 
If turnover is absent from the P&L account, the first option is to use the VAT turnover 
and approximate purchases by subtracting value added. Until two years ago, this is how 
proxies were obtained. One advantage is that a coherent set of proxies is obtained, but we 
completely disregard VAT purchases, albeit that this is the less reliable proxy. 
 
As with any “one tool fits all” approach, we learnt that quite a few anomalies were 
generated is this way. In few aberrant cases the value added reported exceeds VAT 
turnover, yielding a negative estimate for purchases. This may result from a mismatch 
between VAT turnover and accounting turnover. The former may include credit notes 
paid or revenues from the sale of assets. In both cases VAT turnover differs from 
accounting turnover. Apart from being defined differently, the value of VAT turnover 
generally is not consistently smaller or larger than accounting turnover, but the difference 
may also vary over time. This prior knowledge of potential sources of any mismatch 
between VAT turnover and accounting turnover may result in finding a better proxy, 
which is a calculation result of VAT fields (including those on credit notes) and 
accounting data on asset sales. Similarly purchases need to be compensated for credit 
notes received and for VAT paid. Comparing the VAT defined proxy for investments to 



the one obtained in accounting also may contribute to finding a more reliable and less 
biased proxy for purchases as would be reported in the P&L account. 
After obtaining better proxies, their coherence: how well ‘purchases’ plus ‘value added’ 
equals ‘turnover’, is what is to be monitored. It may pay off to apply a calibration 
procedure. Observed values To for turnover, Po for purchases and Vo for value added do 
not satisfy the constraint in formula 2. We need to carefully choose the weights, taking 
into account how well the proxies are likely to fit the statistical variables. Purchases is the 
less reliable proxy and hence has the lower weight. The value added proxy obtained from 
the P&L account is most reliable and therefore gets the higher weight.   
 

  (1) 
 
Whereby 
 

 (2) 
 
 
4.4 Employment  data 
 
Data on employment and personnel costs are obtained directly from administrative 
sources without any imputation procedure using previous information on the enterprise. 
Both social security data (ONSS) and a few personnel related items in yearly accounts 
provide for reliable estimates on employment and personnel costs. The estimation 
procedure has been reported on before: Vekeman (2012). 
 
Inserting those variables, it can be checked whether they are coherent with whatever 
estimates for the financial variables are obtained. Personnel costs generally should be 
smaller than the gross margin, less the business will have a negative cash flow and may 
head for bankruptcy. It is however clear that personnel data only provides some useful 
ratios, which can be benchmarked against aggregate sector data. No hard checking is 
possible. 
 
 
4.5 The imputation procedure for enterprises using a complete 

accounting scheme  
 
Large enterprises use a complete accounting scheme, whereby the profit and loss account 
includes much of the information necessary to obtain excellent proxies for the different 
statistical variables. The match between these variables and their proxies therefore is a lot 
better than in previous cases described above. 
 
As most of these enterprises are surveyed yearly, the imputation procedure is used mainly 
as a back-up to provide timely estimates in case of non-response or a late response. 
 



VAT data are not used in this case and proxies are coherent. However it is still necessary 
to carefully monitor the performance of the imputation procedure, since any errors can be 
very influential on the aggregates calculated. 
 
 
5. Conclusion 
 
Whereas a ratio estimation method provides reliable results for a majority of cases, the 
procedure may lead to few aberrant imputations, possibly making aggregates less 
reliable. Identify such cases is possible using some basic analysis techniques. Trying to 
enable some methods to obtain better estimates is still an on-going challenge. 
 
In suspect cases, improved estimates are obtained when directly using administrative 
proxies in the estimation procedure. However it then is necessary to prevent introducing 
any bias due to definition differences, resulting from the different legal requirements for 
VAT declarations and for yearly accounts. 
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Abstract  
 
An analysis is carried out of the total burden that a national statistical institute imposes on 
businesses for the purpose of data collection, as well as of the businesses' response 
behaviour. A descriptive overview presents distribution of the response burden, expressed 
in terms of number of surveys, survey instances, and total expected time under 
compliance, among business size and industry classes. A multi-level analysis indicates 
that too high levels of response burden of a business lead to business’s reduced 
participation in new survey instances. There is an indication that businesses that are 
nonrespondents in the first instance of a survey risk remaining nonrespondents, indicating 
that a particular attention needs to be paid to them. 
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1. Introduction 

 
In a thought-provoking article, McCarthy et al. (2006) examined in the context of 
establishment surveys the relationship between prior reporting burden placed on sampled 
units in several agricultural surveys and the response pattern of these same units in later 
surveys. Their results indicated that burden − measured in terms of the number of other 
surveys these agricultural operations were contacted for, the length of time since they 
were last contacted, and the type of information they were contacted for in the past − 



does not in general have a negative effect on survey response. Even in cases where 
negative effects were found, these were often small, leading the authors to formulate (in 
their title) an implicit hypothesis: “If we bother them more, are [the businesses] less 
cooperative?,” implying that in fact the opposite might be true. 
 
With the similar goal, Davis and Pihama (2009) carried out an analysis of establishment 
nonresponse on a mandatory annual survey using a number of explanatory variables. 
Among them was a measure of total survey burden in the preceding year. They found a 
statistically significant positive relationship between the total survey burden − expressed 
as a function of the total time taken in the year per 10 employees − and the probability of 
nonresponse in the survey, however they note that this effect was relatively small in 
magnitude in comparison to some other of the factors in the study (size of business, key 
provider status, stress the business might have due to expansion or contraction). 
 
The studies above, which are the few we are aware of, were by the amount of available 
data restricted to a single survey or a small subset of all the data providers. In addressing 
these same issues, the current study utilises data from a register of participation of 
businesses in official statistics surveys kept at Statistics Sweden since 2009, which gives 
the possibility to analyse the phenomenon from the perspective of the total burden that a 
national statistical institute imposes on businesses for the purpose of data collection. 
 
Our analysis is characterised by a presumed utility of observing two levels of business 
responding: on one level is the business’s participation (response or nonresponse) in a 
specific instance of a specific survey: for instance, the April 2009 instance of Intrastat. 
However, all the survey instances that a business has received requests to participate in 
throughout a period of time lead to an aggregated level, the business level of response 
behaviour. 
 
 
2. Data and Methodology 

 
The register is officially known as the register of data provision (RDP). It keeps 
information on all direct data collections carried out by Statistics Sweden towards 
businesses, be it on appropriation or on commission from other producers of official 
statistics. Included is the information on whether a business has responded or not to any 
particular instance of data collection (conditional upon selection). Also available are 
properties of the selected businesses, such as their size or the industry they are active in, 
and to properties of the surveys, such as their periodicity, and whether they are 
mandatory or not. (In the current analysis, we use only 2009 data, as these data were the 
only available when the analysis was initiated.) 
 
2.1 RDP content, filtering and categorisation 
 
Data collection for the RDP is an automated process that “crawls” databases containing 
data on businesses sampled for the purpose of statistical production at Statistics Sweden. 
The databases contain, along with identifier details, information on whether a specific 



business, for any specific instance of data collection it was selected for, has responded 
(provided data) or not. The RDP process collects data from the databases and from the 
metadata pertaining to the statistical programs in question. An additional part of the data 
is imported from other databases, prominently the Business Register (BR). 
 
Data for 2009 consisted of 1,156,748 rows, each about a specific reporting unit’s 
participation in a survey instance. Among the available variables were: legal unit ID, 
local kind of activity unit (LKAU) ID, business size (in number of employees), main 
industry in which the business is active (as a NACE code), survey ID, survey periodicity, 
whether the survey belongs to the official statistics of Sweden or not, whether responding 
to the survey is mandated by a law or regulation, date of sending the participation request 
to the business, date the response is due, average time it takes to provide data for the 
survey (estimated by the survey manager), and whether the response has been received. 
 
Filtering the data, we removed entries which for different reasons did not have data on 
the key variables above, resulting in 1,055,698 entries. Further filtering restricted the data 
to the 14 largest surveys (among the 75 that existed prior to that): largest in terms of the 
number of entries in the RDP data set (accounting for more than 80% of the survey 
volume). This was done in order to have a reasonably low number of different surveys. 
 
Thus, the data set that makes the corpus for the current study consisted of 845,812 entries 
pertaining to 168,151 businesses (defined as unique legal units) that were sampled for 
surveys by Statistics Sweden in 2009 for the 14 largest surveys. This number of 
businesses makes about one fifth of the total number of businesses registered in Sweden 
in 2008. There were no voluntary surveys among the 14 largest surveys: voluntary 
surveys were few (12 out of 75) and comparatively small in sample sizes. 
 
Table 1: Codes used for the variable Industry. 
Code Provisional name NACE-2 categories 
1 Production 1 – 43 
2 Trade 45 - 47, 68 
3 Services (other than the Codes 4 - 6) 49 - 56, 94 – 96 
4 Information and finance 58 – 66 
5 Professional and administrative activities 69 - 82  
6 Public welfare, etc 84 - 93, 97 – 99 
 
We re-categorised two of the variables from the BR. The data on companies’ size were 
re-coded into four categories of size: up to 4 employees, 5-19 employees, 20-199 
employees, and 200 or more employees. The data on the main industry that the company 
was active in (originally being on a NACE-5 level) were re-coded into six coarse groups, 
presented in Table 1. Both re-categorisations were done in order to reduce the occurrence 
of empty or sparse cross-classified cells and to increase interpretability of the analyses. 
 
2.2 Methods 
 
To any particular survey instance, the sampled businesses respond or not, providing 
grounds for analysing survey instance response as a function of the businesses’ properties 



(like the size and industry that they belong to), survey properties (like periodicity and the 
average time that it takes to participate in its survey instance), and interactional properties 
(the number of surveys and survey instances the business is sampled in within the 
reference year, or a total response burden imposed during a preceding period). Business 
size class can additionally be seen as a proxy for survey effort. This analysis needs to be 
executed as hierarchical, as the businesses’ properties are repeating their influence in the 
different survey instances that the business is invited to participate in, as well as a 
particular surveys’ properties are repeating their influence in different survey instances. 
Thus, to account for the clustering of observations in the RDP into both businesses and 
surveys, we use a cross-classified multi-level model: 

, for i indexing observations, with ββββ including 
, for j indexing surveys, and 

, for k indexing businesses. 

Further, we analysed some of the data in the light of testing a null hypothesis that there is 
an independence between responses to survey instances by a specific business. To put it 
simply, whether the null hypothesis holds that, for every survey instance (of a specific 
survey) that the business is requested to participate in, the business decides whether to 
participate or not based on “tossing a coin” (but with probability of response not P=0.5 
but that of the average response rate for the specific survey). 
 
 
3. Results  

 
3.1 Descriptive summaries 
 
Basic demographics of the businesses in the 2009 version of RDP are, on the two levels 
of analysis –data collection instances and businesses – presented in Tables 2 and 3. The 
tables confirm the well known imbalance in data provision: while big businesses 
comprised only about 0.8% of the 168 thousand sampled businesses (Table 3), they were 
requested to provide about one fifth (20.7%) of the volume of data collection (Table 2), 
expressed as the number of survey instances. Correspondingly, small businesses 
comprised almost 70% of the sampled businesses but were together requested to provide 
just above one quarter (27.4%) of the data collection volume. 
 
Table 2: Distribution of survey instances over NACE groups and business size. 

Size: 
NACE group 

1 2 3 4 Row counts Row % to Total 

Production 4.3 5.1 13.3 10.2 278874 33.0 
Trade 10.0 8.5 7.6 3.1 247073 29.2 
Other services 4.6 3.1 3.5 2.0 111578 13.2 
Info. & fin. 1.6 0.9 1.7 1.7 49497 5.9 
Professional 4.6 2.3 3.0 2.6 105871 12.5 
Welfare 2.1 1.2 1.9 1.1 52919 6.3 
Col counts 231419 178256 260792 175345 845812  
Col % to Total 27.4 21.1 30.8 20.7  100.0 

 



Table 3: Distribution of sampled businesses over NACE groups and business size. 
Size: 

NACE group 
1 2 3 4 Row counts Row % to Total 

Production 13.1 5.3 3.0 0.3 36727 21.8 
Trade 17.6 5.9 1.9 0.1 42959 25.5 
Other services 11.2 3.6 1.4 0.1 27364 16.3 
Info. & fin. 5.0 1.1 0.7 0.1 11577 6.9 
Professional 15.4 3.0 1.2 0.1 33111 19.7 
Welfare 7.3 1.5 0.9 0.1 16413 9.8 
Col counts 117181 34303 15282 1385 168151  
Col % to Total 69.7 20.4 9.1 0.8  100.0 

 
3.1.1 Response behaviour  
 
On the survey instance level, surveys largest in terms of the volume of data collection 
instances are displayed in Table 4. Among them, Intrastat is largest with about 20 percent 
of the volume, as well as some data collections that provide statistics on short-term 
indicators of the economy (employment, prospects and turnover). 
 
Table 4: Surveys included in the analysis and their response rates. 

Survey name Response rate Row counts Row % 
Intrastat 92.1 173,457 20.5 
Short-term employment 89.3 102,830 12.2 
Short-term prospects on job openings 89.2 94,826 11.2 
Turnover, month 77.0 82,119 9.7 
Short-term prospects, salaries in private sector 78.7 73,874 8.7 
Start-up businesses 72.4 68,583 8.1 
Price indices in production and import 94.5 57,814 6.8 
Salaries, longitudinal study 89.4 41,441 4.9 
Occupation structure in Sweden 85.7 30,046 3.6 
Lodgings in hotels, hostels and holiday villages 65.9 29,505 3.5 
Short-term prospects in industry, month 83.9 26,992 3.2 
Turnover, quarter 80.2 23,431 2.8 
Investments in industry 82.0 20,536 2.4 
Structural business survey 82.1 20,358 2.4 

Col % 85.0 845,812 100.0 
 
Response rates between surveys vary from 94.5% for a survey of price indices in 
production and imports to 65.9% for a survey on lodging statistics. While of interest for 
improving the data collection instruments or for further work on improving motivation of 
the businesses for responding, analysing this was beyond the scope of the present paper. 
 
Survey instance response rates (Table 5) vary with business size from 73.2% for small 
businesses monotonically to 92.9% for biggest businesses. This likely includes an effect 
of the somewhat varying survey effort to obtaining responses, which is likely related to 
the sampled businesses’ inclusion probabilities. Response rates vary also over NACE 
categories on the level of data collection instances, from the lowest of 76% in services to 
89% in production (displayed in Table 6). 



 
Table 5: Survey instance response rates per business size.  

Size group Response rate Row counts Row % 
1 73.2 231419 27.4 
2 85.4 178256 21.1 
3 90.0 260792 30.8 
4 92.9 175345 20.7 

Col % 85.0 845812 100.0 

 
Table 6: Survey instance response rates per NACE category. 
NACE group Response rate Row counts Row % 
Production 88.7 278874 33.0 
Trade 85.2 247073 29.2 
Other services 76.2 111578 13.2 
Info. & fin. 85.3 49497 5.9 
Professional 85.0 105871 12.5 
Welfare 82.7 52919 6.3 
Col % 85.0 845812 100.0 

 
On the business level, of all the sampled businesses, 118,395 businesses (70.4%) always 
responded, 18,812 businesses (11.2%) sometimes responded1 and 30,944 businesses 
(18.4%) never responded. Those that never responded were in the vast majority small 
firms: either in size class 1 (0-4 employees) (86%) or in size class 2 (5-19 employees) 
(12%). Only two large businesses (200 or more employees) were among the never-
responders. However, the similar holds for those businesses that always responded: these 
were also mostly businesses in size classes 1 (82%) and 2 (16%). 
 
Table 7: Business level, number and percent of surveys requested to participate in, with a 
breakdown by participation pattern. 

 Never-responders Sometimes-responders Always-responders 
# of surveys Counts % Counts % Counts % 

1 28,856 93.3 4488 23.9 97237 82.1 
2-3 2,015 6.5 9355 49.7 18959 16.0 
4-6 72 0.2 3725 19.8 2126 1.8 

7-10 1 0.0 1244 6.6 73 0.1 
Sum 30,944 100 18812 100 118395 100 

 
Most of the never-responding businesses have been asked to participate (Table 7) in only 
one survey (93% of the never-responders); only very seldom (0.2%) in four or more 
surveys. Displayed in Table 8, most of the surveys that the never-responding businesses 
were asked to participate in had a single instance (that is, they were either annual surveys 
or intermittent surveys): 86% of the never-responders were asked to participate only in 
such surveys. For less than 1% (more precisely 0.6%) of the never-responding businesses 

                                                 
1 Sometimes-responding is defined as having a response rate (number of survey cycles responded 
to/number of survey cycles invited to participate into) between 0 and 1, excluding the endpoints. With this 
definition, only businesses receiving invitation to two or more survey cycles could be in this category. 



would participating in more than 12 survey instances have been required. Comparative 
data for expected length of survey participation are presented in Table 9. 
 
Table 8: Business level, number and percent of surveys instances requested to participate 
in, with a breakdown by participation pattern. 

 Never-responders Sometimes-responders Always-responders 
# of surveys instances Counts % Counts % Counts % 

1 26,674 86.2 0 0.0 87719 74.1 
2-12 4,090 13.2 10824 57.5 25225 21.3 

13-120 180 0.6 7504 39.9 5448 4.6 
121-499 0 0.0 440 2.3 3 0.0 

500 and more 0 0.0 44 0.2 0 0.0 
Sum 30,944 100 18812 99.9 118395 100 

 
Table 9: Business level, time category and percent of surveys requested to participate in, 
with a breakdown by participation pattern. 

 Never-responders Sometimes-responders Always-responders 
Total time (in minutes) Counts % Counts % Counts % 

Up to 15 22,652 73.2 0 0.0 68877 58.2 
16-60 3,911 12.6 1936 10.3 20088 17.0 

61-120 2,743 8.9 2046 10.9 13305 11.2 
121-600 1,019 3.3 5978 31.8 9359 7.9 

601-2,400 (one week) 612 2.0 6666 35.4 5406 4.6 
2,401-10,000 (one month) 7 0.0 2112 11.2 1360 1.1 

10,001 and more 0 0.0 74 0.4 0 0.0 
Sum 30,944 100 18812 100 118395 100 

 
3.2 Analytical modelling 
 
3.2.1 A hierarchical model for predicting response in a survey instance 
 
Using the general model specified in Section 2.2, a number of models were tried, 
containing predictors on the levels of businesses (size, industry, number of units to 
respond for), surveys (length of time it takes to fulfil the request, periodicity (monthly or 
not)), and interaction between business and survey organisation (i.e. total response 
burden imposed on the business, in terms of the total number of surveys, survey instances 
and total time needed to fulfil these). 
 
Further, in order to simplify interpretation of the total imposed response burden (which 
per definition includes the current survey request), the annual data were separated into 
two halves, the total burden (in terms of time) was calculated for the first half of the year 
and used as a predictor in a model where the response was participation (yes=1, or no=0) 
on survey instances sent out during the second half of the year. (To simplify 
computational considerations, we have excluded businesses that contribute with only one 
observation; there were 344,988 observations in the resulting data set.) 
 
Based on likelihood ratio statistics and the associated p-values of the models (Pinheiro 
and Bates 2000), the model finally chosen was the one displayed below. 



 
              Estimate Std. Error z value Pr(>|z|)     
(Intercept)   1.152998   0.287033   4.017 5.90e-05 *** 
Size2         0.867569   0.051239  16.932  < 2e-16 *** 
Size3         1.071128   0.067377  15.898  < 2e-16 *** 
Size4        -0.175042   0.767280  -0.228 0.819543     
Burd2        -0.585823   0.076381  -7.670 1.72e-14 *** 
Burd3         0.403873   0.078451   5.148 2.63e-07 *** 
Burd4         0.675385   0.168957   3.997 6.41e-05 *** 
Burd5        -4.762237   0.233613 -20.385  < 2e-16 *** 
Ind2          0.206942   0.041443   4.993 5.93e-07 *** 
Ind3         -0.474897   0.050121  -9.475  < 2e-16 *** 
Ind4          0.029930   0.065932   0.454 0.649859     
Ind5          0.198842   0.051388   3.869 0.000109 *** 
Ind6         -0.062065   0.062615  -0.991 0.321583     
Size2:Burd2   0.112017   0.094706   1.183 0.236891     
Size3:Burd2   0.480057   0.103148   4.654 3.25e-06 *** 
Size4:Burd2   1.805936   0.802478   2.250 0.024420 *   
Size2:Burd3  -0.004698   0.100968  -0.047 0.962890     
Size3:Burd3  -0.118630   0.111720  -1.062 0.288304     
Size4:Burd3   0.754264   0.779930   0.967 0.333498     
Size2:Burd4   0.229574   0.206157   1.114 0.265456     
Size3:Burd4  -0.018107   0.184612  -0.098 0.921869     
Size4:Burd4   0.735123   0.795896   0.924 0.355673     
Size2:Burd5   3.630175   0.293659  12.362  < 2e-16 *** 
Size3:Burd5   4.744150   0.231347  20.507  < 2e-16 *** 
Size4:Burd5   6.086467   0.798387   7.623 2.47e-14 *** 

 
The model includes the business level variables Size and Industry, the imposed response 
burden variable Burden, and an interaction between Size and Burden (in order to control 
for the possibly differential survey effort, which is commonly related to size/inclusion 
probability). Do note that no survey-level variables were deemed needed. 
 
Table 10 summarises the interactions between the Size and Burden covariates. Each cell 
is the sum of four estimated effects: the intercept, the Size class effect, the Burden class 
effect, and an interaction of the latter two. (The first row and column correspond to the 
reference categories for Size (class 1) and Burden (class 1) respectively, thus their effects 
and interactions are zero; in particular, cell (1,1) contains only the intercept. This table 
does not include the Industry variable, whose coefficients are not large and do not 
interact in this model with the other explanatory variables.) 
 
Table 10: A response propensity surface based on the point and variance estimates of the 
hierarchical model, with standard errors of the estimates in parentheses. 

 Burd1 Burd2 Burd3 Burd4 Burd5 
Size1 1.153 

(0.287) 

0.567 

(0.292) 

1.557 

(0.293) 

1.828 

(0.323) 

-3.609 

(0.366) 

Size2 2.021 

(0.288) 

1.547 

(0.289) 

2.420 

(0.291) 

2.926 

(0.308) 

0.889 

(0.385) 

Size3 2.224 

(0.291) 

2.118 

(0.288) 

2.509 

(0.291) 

2.881 

(0.290) 

2.206 

(0.311) 

Size4 0.978 

(0.818) 

2.198 

(0.363) 

2.136 

(0.310) 

2.388 

(0.314) 

2.302 

(0.298) 

 



In any size class, extreme response burden (here, the uppermost 20% of the burden 
distribution) leads to a reduction in the ability to provide data − this effect stronger in 
small businesses than in large, indicating an interaction: large businesses may be 
hypothesised to be less fragile and are thus better able to withstand extreme response 
burden; or, as indicated before, they might be exposed to higher levels of survey effort. 
But, over all the size classes, “the more we burden them” does seem to have a negative 
effect in terms of response rates. 
 
3.2.2 Testing independence of responding on survey instances 
 
Investigating independence between participating in survey instances by a business (see 
Section 2.2), we used data from two specific monthly surveys: “Turnover statistics” and 
“Short-term prospects in industry”. For each survey, we looked at only newly-selected 
businesses, noting the number of times they have responded in their first seven and eight, 
respectively, consecutive survey instances. 
 
If decision on participation is independent within each business and for a specific survey, 
then the number of times that the business participates follows a binomial distribution. 
We also assumed that there are a number of deterministic non-respondents who never 
respond. All the other units are seen as stochastic responders who respond to the survey 
rounds in a stochastic way. (Those deterministic non-respondents have to be estimated 
and treated separately, as we elaborated in Chapter 2 of Giesen and Bavdaz (2013).) 
 
Figure 1 displays, on the left, a comparison between the observed (in the upper row) and 
the expected under independence (in the lower row) distributions for “Turnover 
statistics”; and on the right the same comparison for “Short-term prospects”. It is obvious 
even by simple visual comparison that the upper and lower distributions in any of the two 
pairs strongly differ. Therefore, participation is not independent of past participation. 
From the current analysis, it is not possible to deduce whether the dependence is positive 
(previous response raises future response e.g. due to learning and adaptation) or negative 
(previous response lowers future response e.g. as result of accumulated burden). 
 

 
Figure 1 - Comparisons for the independence tests. 



4. Summary 

 
The descriptive presentations based on the RDP indicate usefulness of a register of data 
provision in order to gain a holistic picture of businesses’ involvement in providing data 
for official statistics. A small proportion of the businesses were required to provide a 
considerable amount of human resources to comply with the requests, up to ten person-
months in one case. While it was not the goal of the current analysis to investigate 
reasons for such occurrences, one may note that − in order to improve precision of 
estimates − sampling of businesses is sometimes carried out in a so-called positively 
coordinated way, resulting in businesses remaining in samples for extended periods. The 
RDP or similar register may provide a way of identifying and rectifying large variations 
in response burden businesses are exposed to. 
 
Using a multi-level analytical model, we gathered further evidence that too high levels of 
response burden on a business may lead to the business’s reduced propensity to 
participate when requested to subsequently provide new data in survey instances, and 
possibly to other deteriorations in data quality. 
 
Businesses’ response behaviour between the survey instances is not independent: in 
particular, businesses that are nonrespondents in the first instance of a survey do run a 
risk of remaining nonrespondents and thus are in need of particular attention to be paid to 
them by the data collecting organisation. 
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Abstract 
   
In cause-of-death statistics, several method breaks have arisen from reclassifications and 
changes in coding rules. The aim of this study is to examine cause-of-death series from 
1950 to 2010 for breaks and for possibilities to mend these.  
Repair proposals were assembled for breaks in 150 time series. However, reconstructions 
appeared implausible lacking data on actual levels in the past. Research was then limited 
to the European Shortlist of causes of death (ESL). The concordance table, containing 
ICD8-ICD10, was extended with ICD-6/7. Using Ox/SsfPack with restriction to the sum 
of all death causes remaining equal, significant breaks were determined and size of the 
breaks calculated in all ESL series. In 69 series, 35 significant and substantial breaks 
(0.95 confidence; >10% level difference) were detected, unequally divided over the 4 
ICD transitions. Breaks were similar for males and females.  
Experts on specific diseases may use these data to gain more insight into the evolution of 
the cause of death of their interest. 
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1. Introduction   

    
Since 1901, Statistics Netherlands is responsible for the cause of death statistics of  
the Netherlands. The production of these statistics involves the manual coding and 
selection of the underlying cause of death (i.e. “the disease or injury that initiated the 
train of morbid events leading directly to death or the circumstances of the accident or 
violence which produced the fatal injury”) from death certificates. The physician states 
on it the causal chain of diseases or events leading to death, and other medical conditions 



contributing to death. From this information, the underlying cause is coded by Statistics 
Netherlands, using an international system of classification and corresponding selection 
rules. Statistics Netherlands and other statistics bureaus report usually only on the 
underlying cause of death. Manual coding is coding and selection performed entirely by 
humans. This in contrast with computer-assisted or fully computerised coding, which has 
been introduced in several countries in the last two decades. 
The International Statistical Classification of Diseases and Related Health Problems 
(ICD) is the international standard for classification of causes of death. The ICD is used 
worldwide for morbidity and mortality statistics. The ICD is revised periodically and is 
currently in its tenth edition. Revisions mean changes. New diseases, changes in medical 
terminology, opinions of use and the development of medical knowledge are incorporated 
in the classification. Codes are added, adjusted, merged, specified or removed. On top of 
the international classification system, coding rules on a national level are used in 
particular cases. These are needed, because the international classification and guidelines 
are not sufficient to process all cases. Especially in earlier decades, there was much room 
and need for interpretation. In the past, coding rules for the Dutch cause-of-death (CoD) 
statistics have only scarcely been documented.  
The introduction of a new ICD version invokes disruptions in trends in underlying cause 
of death statistics. The present study is investigating what the disruptions have been, 
overlooking more than half a century, and whether some can be ironed out. A change of 
local coding rules has a potential for discontinuities in data as well, but until very recently 
it was technically not possible to evaluate the magnitude of these discontinuities. They 
are elusive to detect, as they are but only one of the mechanisms of change in the coding 
process in a statistical organisation. Other mechanisms involve the coming and going of 
coders and supervisors, change of hard- and software, etc.   
 
 
1.1 Constructing time series of causes of death  
 
Several methods to detect and control for coding changes for long time series of causes of 
deaths have been published and used by national Statistical Offices. Methods such as 
bridge coding, the approach of Meslé and Vallin (1996) and the approach of Janssen and 
Kunst (2004) can be used to detect and analyze known changes.  
Bridge coding methods are often preferred. In bridge coding, death records (mostly a 
sample) are coded both according to the former ICD and according to the new ICD, 
which reveals the transition from one code to another (see e.g. Anderson (2011)). For 
conducting a bridge coding study correspondence tables are necessary. Meslé & Vallin (i) 
constructed dual correspondence tables - linking the items of the successive ICD 
revisions -, (ii) defined fundamental associations, and (iii) calculated transition ratios 
based on the cross tabulation of the number of deaths for the first year of the new ICD 
according to the codes of the former ICD. The method is already applied in many 
countries up to ICD9, e.g. France, ex-USSR, Ukraine, Baltic countries, and West 
Germany, and recently as well to the transition from ICD9 to ICD10 (Pechholdova 2008).  
Meslé & Vallin distinguished four kinds of associations: (i) simple one-to-one 
correspondence, e.g. all cases of X before revision become Y after revision; (ii) 
specification, e.g. X before revision becomes Y1, Y2, Y3 etc. after revision. The 



specification of codes mirrors the growth of medical knowledge. The number of ICD 
codes increases with each revision; (iii) merging, e.g. X1, X2, X3 before revision become 
Y after revision; (iv) complex associations, e.g. X1, X2, etc before revision become Y1, 
Y2, etc. after revision. This involves usually the introduction of new codes and the 
redistribution of cases over several codes. For example “AIDS” might be found in ICD-9 
under codes 279.1 (“deficiency of cell mediated immunity”) or 279.8 (autoimmune 
disease NOS), but also under 486 (Pneumonia, organism unspecified) or 263.9 (wasting 
syndrome). In ICD-10 cases with AIDS will be found under B20-B24. Observe for 
example the situation in Table 1. Complex associations must be explored by dual 
correspondence tables in order to quantify a shift in frequencies due to changes in codes.1  
These four situations do not cover all mechanisms for change that are introduced by using 
a different ICD version. Changes in selection and modification rules, and rules for the 
processing of special situations (e.g. perinatal period; behaviour and external substances; 
accidental versus intentional event) raise quite complicated shifts in data. One could say 
that these belong to class iv (complex associations), but these do not affect single codes, 
but rather families of codes. 
 

Table 1. Example of codes correspondence in a revision 

  After revision 
  Y1 Y2 Y3 

Before 
revision 

X1 a - b 

X2 c d - 

 
For studying time series of causes of death in The Netherlands, Janssen and Kunst (2004) 
used concordance tables with nosologically continuous categories for selected causes of 
death. They assessed and corrected for mortality discontinuities caused by coding 
changes both between and within ICD revisions using a log-linear regression approach.  
In order to fill the dual correspondence tables, bridge coding studies are necessary. A 
bridge coding study results in comparability ratios which can be applied for constructing 
time series. For example, a Canadian study published comparability ratio’s for ICD-9 and 
ICD-10 codes (Statistics Canada 2005). No bridge coding study of comparable quality is 
available for the Netherlands, although Statistics Netherlands has performed an 
evaluation of the transition to ICD10 (Boo et al 1998). Recently, a method was published 
that detects changes which aren’t documented, the time series approach of Rey et al. 
(2011).   
 
 
1.2 Issues in reconstructing time series of causes of death for the Netherlands 
 
Statistics Netherlands has published long time series of causes of death (1901-2011) for 
17 large aggregates. A digital database with records for individual deaths is available 

                                                 
1 In fact (a), (b) and (c) are special cases of a dual correspondence table. In situation (a) there is just one 
field, in situation (b) there is just one row and in situation (c) there is just one column.  



from 1950 onwards. However these microdata and time series aren’t corrected for 
classification changes and coding changes. Problems in reconstructing a continuous time 
series of more detailed death causes for the Netherlands are the following:  
(a) For the period from 1969 onwards a shortlist series of 65 causes of death (European 
Short List for Causes of Death, ESL) is published and from 1996 onwards a long-list of 
1777 causes. The existing time series were never corrected for methodical breaks. 
(b) There are no comparability ratios (CR) available for correcting methodical breaks in 
time series of CoDs. CRs can be based on bridge coding studies. 
Sometimes the term comparability ratio is also used in a less precise meaning, where the 
frequencies of causes of death in year t is compared with those in year t + 1, mostly when 
a new ICD version is used in year t + 1. In this simplified (and cheaper) approach, the 
change caused by the introduction of the new ICD is superposed on the annual variation 
in causes of death. The annual variation can be estimated from a time series with the 
same classification version.  
A bridge coding or dual coding study provides ratios necessary to adjust statistics derived 
from different ICD versions. Results are in terms of frequencies. The results of studies in 
other countries, reflect local differences in coding practice and can therefore not 
immediately be applied to the Netherlands. However, the results can be used to identify 
expected changes. In the Netherlands, the bridge coding studies are either of poor quality 
(ICD9-ICD10), or missing altogether (all other ICD transitions. Knowledge about 
especially the earlier parts of the CoD time series (i.e. before 1950) is lost.  
 (c) Fundamental associations as constructed by Vallin and Meslé (1996) are based 
primarily on nosological determination. The selection of the underlying cause of death is 
not only determined by the nosological classification but by local coding rules as well. 
These rules determine the everyday practice of choosing a disease as cause of death when 
the death certificate contains more than one disease (70% of the cases). Coding practices 
are not reflected by fundamental associations. For example, a case with pneumonia still 
contains the disease “pneumonia”, however, another disease such as lung cancer is 
selected as underlying cause of death according to a change in opinion on the underlying 
cause of death. Such changes can only be determined by empirical study.  
In this study we examined ways to reconstruct time series of CoD. In the first part of the 
study, we used the medical/demographical expert approach on nosology and CoD 
classifications. With this approach we reconstructed trends in time aiming at a minimal 
number of time series of CoD with implausible breaks. This approach is applied to 
around 150 important time series of CoD, mostly from  the ESL and the Beldo list (Dutch 
list, modified and extended version of ESL). 
In the second part, the method proposed in van der Stegen et al (2013) was applied to the 
ESL to calculate CR’s at the ICD transitions from ICD6 to ICD10. A study with more 
CoD series was not possible because of computational limits. 
In the final part we try to reconstruct time series corrected for classification and coding 
changes. 
 
 



2. Materials and methods 
 
2.1 Data 
 
A database of individual death cases is available with records of the deaths in the 
Netherlands from 1950 till 2010, in total approximately 7 million records, around 
130,000 a year. Each record contains the following variables: sex; age; date of birth; date 
of death; underlying cause of death; other cause of death (from 1961 on, to a max of 3 
complications); ICD-classification. During the examined period (1950-2010), 4 ICD 
transitions occurred: ICD-6/7, 1957-1958; ICD-7/8, 1968-1969; ICD-8/9, 1978-1979; 
ICD-9/10, 1995-1996. 
 
 
2.2 Reconstruction by code recombination 
 
In a first study, we examined the reconstruction of a large number of time series by code 
combination and analysis. Our approach consisted of two steps in an iterative process: 

1. Construction of a concordance table of CoDs over the period 1950-2010  

2. Judgement of plausibility by medical experts on cause-of-death coding 

The first stage is to make a concordance table from ICD 6 up to ICD 10. We started with 
the correspondence table of Wolleswinkel et al.  (1996), containing 92 causes. We added 
codes from (i) the Beldo list (‘Belangrijke doodsoorzaken’), a condensed list of 72 
causes, used by Statistics Netherlands in order to suit local customs, and (ii) the ICD-10 
mortality tabulation list 2: general mortality – selected list (list 1: condensed list), 
containing 103 different causes, and (iii) the European Short List of causes of death 
(ESL, 1998), in order to serve international standards.  
From these four lists we constructed a base concordance table containing 150 death 
causes, or more properly 150 different combinations of codes for death causes. The 
selected causes of death for this extensive study represent (i) well defined disease entities 
with (ii) relatively stable association by codes in time, (iii) frequent occurrence, (iv) 
expected trends in time, (v) epidemiological significance, and (vi) importance for health 
care policy.  
The base concordance table was examined visually. Each of the code combinations with 
significant shifts was examined nosologically for solutions without these shifts: 
introduction of nosologically related codes, withdrawal of suspect codes, twinning of 
related code combinations to detect mutual exchange. Thus a small number of shifts 
could be eliminated.  
All time series in the amended concordance table were then  subjected to time series 
analysis and reconstruction proposals were made. The results of this calculation were 
evaluated internally and by experts on nosology and demography worldwide. 
 
 



2.3 Calculation of comparability ratios 
 
In the second study, CRs are calculated for all time series of the ESL with the model 
presented in Van der Stegen (2013). We performed time series analysis to cause-
proportional mortality for all ages and both sexes, males and females:  
 

tjjtjtjtj biyx ,,,, δ++=                 Equation 1 

 
where 
xj,t is share of deaths from cause j in all-cause mortality in year t,  
yj,t is the time trend for cause j, 
ij,t is the irregular component of the time series for cause j, with average 0,  
bj, is the intervention, i.e. the model for the jump due to the ICD transition for cause j and  
δj,t=1 for most recent ICD and 0 for the previous ICD (the intervention is equal in 
magnitude but opposite of sign when 0 and 1 are reversed). 
 
To make sure that the sum of the repaired series is equal to the total number of deaths 
during the ICD transition, we added the constraint that the sum of the interventions must 
be zero for every t for the chapter totals, i.e.   
 

∑ =
j

tjjb 0,δ                              Equation 2 

 
In this way, a consistent solution across all causes of death is obtained. However, for 
instance chapter 1 is divided in 4 time series, which don’t add up to the chapter total. The 
difference is modelled in an extra time series which is added to the problem. This results 
in five sub equations. The intervention in the chapter total is related to the interventions 
in sub equations: 
 

∑ =
j

total
tii

sub
tjj bb ,, δδ                  Equation 3 

 
 The same procedure is followed in case a sub time series is divided in subsub time series. 
In order to have reasonable calculation times, each ICD transition and sexes combined, 
males and females are analysed separately. The final step is to use an optimisation 
procedure to minimize minor differences between the results of sexes combined and the 
sum of males and females.  
 
In bridge coding CRs represent the proportion of cause-specific deaths coded according 
to the new ICD revision divided by the cause-specific deaths according to the former ICD 
revision (Anderson 2011). We calculated CRs in Ox/SssfPack (Koopman et al. 2008) 
according the procedure presented in Van der Stegen (2013) through  
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where the intervention bj represents the difference in cause-specific mortality between 
one ICD period and the next ICD. We used the local value of the trend yj,t instead of the 
real value xj,t as to prevent that the CR is influenced by coincidental fluctuations 
(Anderson 2011). 
 

 
2.4 Correction of time series for coding and classification changes. 

 
In the previous section, we obtained the breaks caused by classification changes. As an 
example, in Figure 1 the decomposition of the time series of External causes, is 
presented. The figure shows cases of external causes of death relative to the total number 
of CoD in time. Vertical lines indicate ICD transitions. 
In this analysis, we assume that the current ICD methodology for classifying deaths is 
superior to previous ones and therefore all corrections are made relative to the end of the 
last years in the time series. Even though this assumption is debatable, other options 
would change the shape of the corrected time series, but would only minimally influence 
our conclusions about the extent of corrections possible. 

 
In Figure 1, four interventions or breaks are determined automatically by the software. 
The flooding of 1953 is an outlier (δj,k,t =1 if  t=t3   and δj,k,t =0 for other t’s). Outliers may 
be caused by a natural cause, as for example the flood of 1 February 1953, and should in 
that case not be removed; outliers may also be caused by an incidental data problem and 
should then be removed.  
The other detected interventions are level shifts that model classification changes (δj,k,t =1 
if  t<t2   and δj,k,t =0 for other t’s). In this case they coincide with ICD-transitions but that 
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   Figure 1. Decomposition of CoD time series ‘External causes’  



isn’t general. The first shift – as we reconstruct from right to left - is the ICD10-ICD9 
transition in 1996, the second shift starts at the ICD8-7 transition, and the third at the 
ICD7-6 transition. Each shift consist of a constant intervention of certain length longer 
than 1 year but shorter than the remainder of the time series.  
As a next step, experts in CoD are to check the correction proposals of the software. They 
should judge whether the mathematically discovered breaks represent either real 
phenomena or changes in coding rules or other methodologial changes. Unfortunately, 
this information is unavailable.  
Correcting long time series is hampered by uncertainties. In case of a disruption in 1996, 
45 years of the time series are to correct. Several problems arise due to the long period of 
observation:  
1. The model determines one or more constant interventions per ICD classification. 

Because these are determined relative to the successive more recent one, the 
correction of ICD 6 is the sum of the correction in each of the more recent ICDs. This 
results in the following: 
a. Corrections are so large that the mortality becomes negative. This can be prevented 

by replacing the constant percentage relative to the total mortality in a constant 
percentage of the respective CoD. However, using a constant percentage, the 
corrected time series can explode which is also improbable; 

b. The effect of an intervention at the most recent ICD transition remains constant 
during the entire correction of 45 years. This is implausible, as trends in CoD 
change.  

2. a mathematically significant intervention in one series doesn’t imply a significant 
compensating intervention in another. In fact it appeared to be impossible to find 
mathematically significant interventions in CoD that are compensated by one or more 
mathematically significant interventions in other CoD.  In order to obtain corrected 
series that satisfy the constraint that the total numbers of deaths is given, not 
significant breaks should be changed. But which.  
a. Often deaths in a certain CoD are dispersed to more than one other CoD, resulting 

in small interventions there; 
b. The number of deaths varies considerably over the respective CoD. A significant 

break in a small series could be compensated by a not significant break in a large 
series. 

Therefore we decided that the corrected time series are not more probable than the not 
corrected ones. The calculated CR’s are valid for a short period – say 5 years - near to the 
intervention, but  not suitable for correcting the entire series. The actual period of validity 
of the CRs depends on many factors and may be different for each time series. 
 
 
3. Results and conclusion 
 
We have studied new methods to reconstruct long time series of cause of death. Time 
series analysis of breaks in cause-of-death series appears a useful addition to the expert 
approach and may lead to more reliable research into trends in causes of death. 
Identification and measurement of breaks is superior to other techniques, but depends on 
the availability of data; the method may only be performed when at least 5 to 10 years of 



data is available on both sides of a potential break. Under these circumstances time series 
analysis provides a more accurate break size, less influenced by coincidental fluctuations. 
Reconstruction of breaks, however, is possible only when sufficient expertise is available 
on individual causes. In statistics where long period reconstructions are performed 
regularly, as e.g. national accounts, more sustaining reference data is available, whereas 
in cause of death statistics this is lacking.    
Our efforts to reconstruct a consistent set of CoD time series with a minimum of breaks 
have remained unsuccessful. This is due partly by the specific way CoD data are created 
and handled from source to code. Another reason is the multitude of major and minor 
revisions in classifications and the lack of documentation of coding rules. A third reason 
is that research into the possible events causing breaks and the consultation of internal 
and external experts on CoD, medicine and demography did lead only incidentally to the 
identification of links between events and CoD breaks; the multitude of breaks remained 
undetermined. Similarly, many of the potential moments of change  did not leave traces 
in most of the time series (Koren 2012).  
An interesting experiment would be to recode a sample of a specific early year, for 
instance 1950, in ICD10 classification. Taking a sufficient large sample, (15-20%) of all 
cases, this would make an adequate reconstruction possible.  
Nevertheless, we were able to determine in which time series of CoD significant breaks 
are present at ICD transitions, and measure the size of the breaks. We provide a 
consistent calculation of breaks in a set of 69 time series, based on the European Shortlist 
of causes of death (Koren et al. 2012, pp. 16-32). Overall, 77 significant breaks are 
found, 35 of which had a level difference of more than 10%. Most breaks (27) were 
found at ICD-transition 7 to 8. Additionally, breaks were calculated in time series with 
cases of only male deaths and only female deaths. The general pattern in breaks is similar 
to the combined dataset.  
Assessments of trends in specific causes of death may be made with more confidence in 
absence of breaks, and should be made with ample reserve in case of significant and 
substantial breaks. With the appropriate medical and demographic expertise and these 
data, researchers on specific diseases should be able to gain more insight into the 
evolution of the cause of death of choice.    
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Abstract  

     

To maintain confidentiality national statistical agencies traditionally do not include small 
counts in publicly released tabular data products.  They typically delete these small 
counts, or combine them with counts in adjacent table cells to preserve the totals at higher 
levels of aggregation.  In some cases these suppression procedures result in too much loss 
of information.  To increase data utility and make more data publicly available, we 
propose to generate synthetic values for the small counts from a Bayesian hierarchical 
model.  We do not disturb the counts in the data tables that were considered safe.  We 
also discuss how the same model allows for computation of several disclosure risk 
measures.   
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1. Introduction  
   
To maintain confidentiality national statistical agencies traditionally suppress information 
on small counts to publicly release frequency tallies (i.e. cross tabulations or contingency 
tables).  For example, when releasing information on U.S. domestic annual county-to-
county migration flows, the Census Bureau rolls up counts less than ten to release 
nationwide county-level migration tables.   If, say only 5 people moved out of source 
county A1, then these movers are added to  the movers out of a  neighboring source 
county A2 .  The agency releases the count from A2 as long as it is higher than 10.  This 
amounts to suppressing the information on A1.  Out of all the source-destination pairs of 
counties, more than 80% annually have less than 10 movers.  In this and other examples, 
the suppressed information can be a considerable part of what is known to the agency 
which cannot publicly release it because of confidentiality concerns.   
 
The problem of providing information about small counts in contingency tables, which, if 
published as actual counts, may create disclosure risk, has been the focus of research 
activity since the beginning of the previous decade.  We mention in particular, controlled 
tabular adjustment, by Dandekar and Cox (2002), and synthetic data generation by 



Dandekar (2001), and Machanavajjhala et al., (2008).  In our paper we discuss a different 
synthetic data approach in the context of county migration data.  The method is adaptable 
to other frequency data products involving small counts. 
 
Annually the Census Bureau derives area-to-area migration data in the United States 
based on data from the Statistics of Income Division (SOI) of the Internal Revenue 
Service (IRS).  The bases for the data are year-to-year address changes reported on 
individual income tax returns filed with the IRS.  The data products provide information 
on the mobility of Americans, where the people move to, and where they originate from.  
After compiling the data, the Census Bureau delivers the data to the IRS and to the 
Federal State Cooperative for Population Estimates (FSCPE).  The new confidentiality 
protection procedure will benefit these and other data users interested in subnational 
population estimates.  More state and local governments will see the approximate number 
of people moving in or out of their jurisdictions.  They could better plan, allocate funds, 
and support research on the delivery of services.  Businesses, economists, political 
scientists, and other researchers could use the additional information to analyze social 
and economic trends. 
 
We organize the paper as follows:  in section 2 we explain how we synthesize the data.  
In section 3 we develop disclosure risk measures. We conclude in section 4. 
 
 
2. Data Synthesis Methodology  
 
To generate synthetic data we develop a model for the distribution of the observed data.  
We use a hierarchical Bayesian approach. Graham et al. (2009) discuss the benefits of 
using this approach.  First we develop some notation. 
 
Notation: 
 
Let k represent a particular year.  For the moment, we will omit the index k and assume 
that k=2010 only.   Let i represent a source county and j be a destination county, where 

1, ,3142i = L  and 1, ,3142j = L .   

• nij  represent the number of migrations from county i to county j in year k.   

• Nk is the set of ij  such that 1≤ nij ≤ 9. 

• n is the cardinality of Nk. 
• 1−= ijij ny

 
,  for all ij ∈ Nk .     

• Y represents all yij  in  Nk.   

• B is the number of distinct values of iβ ,  

• G is the number of distinct values of jγ . 

 
We model yij  only for those cases with ij ∈ Nk .  We use a truncated Poisson distribution.   

Let F8 = Pr(0 ≤ yij ≤ 8). We have  
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2.1 Hierarchical Prior 
 
We smooth the λij  by assuming that it is the sum of two main effects, �� for source 

county i  and �� 	for destination county j.  We then set hierarchical priors on the 
parameters and hyper-parameters: 
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Here, there are as many iβ  as there are distinct i values in Nk, and there are  

as many jγ  as there are distinct j values in Nk.   Also, interpret βφ , γφ , and 1/25 as a 

precision, not variance. We run this model within combinations of source-destination 
states (512 = 2601 models).  
 
The conditional distributions for a Metropolis within Gibbs sampler are as follows: 
 

1. For each ' 1, ,i B= L , sample 'iβ  from ' 1( , , , )i Gf Yβ γ γ L  using a Metropolis 
algorithm.  
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Therefore, at iteration s we sample a value of iβ  from some proposal distribution, 

for example a  ( 1) 2
'( , )s

iN cβ − with c2 some tuning constant variance.  Then we 
evaluate the acceptance ratio and do the M-H accept/reject step. 

2. For each ' 1, ,j G= L , sample 'jγ  from ' 1( , , , )j Bf Yγ β β L  using a Metropolis 

algorithm.  
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Therefore, at iteration s we sample a value of 'jγ  from some proposal distribution, 

for example a ( 1) 2
'( , )s

jN dγ − with d2 some tuning constant variance.  Then we 

evaluate the acceptance ratio and do the M-H accept/reject step. 
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5. Sample ( )s
βφ  from ( , )Gamma a bwith                                             
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For maximum protection, we generate each synthetic dataset from a random draw of ijλ , 

not the posterior mean of ijλ .  At this time the Census Bureau plans to release only one 

synthetic dataset.  So, only the one dataset is used for disclosure risk computations, which 
we repeat multiple times to get a sense of the variability in the risk measures. 
 
 
 



3. Measuring Disclosure Risk 
 
In this section, we describe an approach to assessing disclosure risks of the partially 
synthetic data.  We focus on computing the probabilities that the true source-destination 
combination cell counts (after subtracting one) can be learned from the released data, 
building on ideas developed by Duncan and Lambert (1989) and applied subsequently by 
several authors Feinberg et al. (1997), Reiter (2005), Drechsler and Reiter (2008), and 
Reiter and Mitra (2009).  We use functions of these probabilities to create risk metrics for 
attribute disclosure (an intruder learns the value of true cell count).   
 
The Bayesian approach allows to formally combine any information an intruder may 
have, prior to data release, with the information contained in the data release to derive 
some useful disclosure risk measures.  These measures attempt to capture the increased 
risk of disclosure incurred by the data release, in some of the worst-case scenarios of an 
intruder possessing a large amount of information, i.e. everything but the count yij  in a 
particular table cell. 
 
To learn anyyij , we assume that the intruder utilizes all information at her or his disposal. 

This includes information released about the synthetic data model, which we denote with 
M. For example, M could include mathematical descriptions corresponding to the model 
in Section 2.1, including the names of the counties. Alternatively, M could include the 
code used to fit the model without parameter estimates (including parameter estimates 
could leak too much information about true cell counts). The intruder also may possess 
auxiliary information about the cell counts on the file, which we denote with A. For 
example, A could include the counts of some subset of cells in the implied contingency 
table, or it could be empty.   
 
Using this information, the intruder seeks to determine the probable values of ty  for one 

or more cells ( , )t i j=  in the data. Mathematically, this can be characterized as follows. 

Restricting to the state including cell t, let D represent the observed counts and D%  
represent the m synthetic datasets.  For any particular t and potential count y, the intruder 
seeks to estimate  

( )
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t t t t

t t t

P y y D A M cP D y y A M P y y A M
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=  =  = = ∫ λ λ λ

% %

%
  ( 3 ) 

 
over all feasible y, where c is a normalizing constant. We assume that the intruder selects 
the y yielding the maximum y

tρ  as a best guess for ty .  
 

Conceptually, ( , )tP y y A M=   represents the intruder's prior beliefs about the count in 

cell t. It is impossible for agencies to know any particular intruder's prior beliefs. Instead, 
agencies can adopt the recommendation of Skinner and Shlomo (2008) and evaluate risks 
under reasonable prior distributions. For example, the agency can use a uniform 



distribution over all possible counts between zero and eight. This reflects vague prior 
knowledge aboutty .  

 
Similarly, it is impossible for the agency to know the auxiliary information possessed by 
intruders.  One approach, which we adopt here, is to evaluate risks under a ``worst case'' 
scenario by assuming that the intruder knows the counts of all cells except t, i.e., the 
intruder knows 'ty  for all 't t≠ .  Call this set tY− .  In addition to offering risk estimates 

for intruders with very strong prior knowledge, setting tA Y−=  greatly facilitates 
computation, as we describe in the next section.  
 
3.1 Computational Methods 
 
The form of (3) when tA Y−=  suggests a Monte Carlo approach to estimation of y

tρ .  

First, for any proposed value y, the agency replaces ty with y to form a new set of counts, 

( , )y
t t tD y y Y−= = , with the same source-destination pairs. Second, treating y

tD as if it 

were the collected data, the agency samples many values of λ . Third, for each sampledλ , 
the agency computes the probability of generating the releasedD% , and averages these 
probabilities. The agency repeats these three steps for all values of y, which allows 
computation of the normalizing constant in (3) and hence y

tρ for all y.  

 
To draw new λ  for each y

tD , one approach is to re-estimate the model in (2) in Section 

2.1.  This could be computationally intensive, however, as the agency needs to estimate 9 
models per t. Another option is to use the sampled values of λ from ( )p Dλ  as proposals 
for an importance sampling algorithm.  As a brief review of importance sampling, 
suppose we seek to estimate the expectation of some function ( )g λ , where ( )f∼λ λ .  

Further suppose that we have available a sample (1) (L)( , , )λ λL  from a convenient 

distribution ( )f ∗
λ that differs from ( )f λ .  We then can estimate ( ( ))fE g λ using  
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We note that (4) only requires that ( )f ∗

λ and ( )f λ  be known up to a normalizing 
constants.   
 
We can implement importance sampling algorithms to approximate the integral in ( 3 ).  

For any proposedty y= , we set ( ) ( , )y
tg cP D D M= λ % and seek to approximate its 

expectation with respect to ( ) ( , )y
tf P D M= λ λ .  To facilitate computation, we work with 

each synthetic dataset ( )lD%  (assuming  m>1 datasets) separately, since  
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Let ( )l
ky% be the synthetic value for ky in ( )lD , where 1, ,9k = L .  Given a sampled value of 

λ , we have    
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We next set (1) (L)( , , )λ λL equal to L draws of λ already available from the estimated 

posterior distribution based on D; hence, we set ( ) ( , )f f D M∗ = λ λ .  Following the 

models in Section 2.1, the only differences in the kernels of ( )f ∗
λ and ( )f λ  include  

i. the components of the likelihood associated with the counts y and ty  for cell t and 
ii. the normalizing constants for each density.  

Hence, after computing the normalized ratio in ( 4 ), we are left with the expression,  
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We repeat this computation for ml ,,1L= times, plugging the m results into ( 5 ).   
 
3.3 Summary Measures 
 
After obtaining the posterior probabilities, agencies need to summarize these probabilities 
to evaluate individual and file level disclosure risks.  We now present four such risk 
measures.  Each is based on the assumption that the intruder uses the count y with 
maximum y

tρ as the best guess forty . 
 
The first measure assesses the risks that intruders learn true counts given the synthetic 
data; hence, it is an attribute disclosure risk measure. For all cells nt ,,1L=  in the file, 

let 1=tr  if the maximum posterior probability for cell t happens to be on the true ty  

(with no ties), and let 0=tr  otherwise. That is, for all t, let  
 

( )argmax y
t

s

t tr y
ρ

= =1
 

 
A file level risk measure is the percentage of records with 1=tr , i.e.,  
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Intuitively, smaller values of allR  are preferable to larger values for confidentiality 

protection.  
 
As noted by many experts in disclosure estimation, Shlomo and Skinner (2010), agencies 
pay special attention to risks for records with unique combinations of variables in the 
sample (although arguably uniqueness in the population is more relevant). Singletons are 
more likely to be identified, since matches to external data are guaranteed to be correct 
(assuming no errors in matching).  With this issue in mind, we introduce a measure that 
focuses on counts with unique source-destination combinations. Formally, for all

nt ,,1L= , let 1=ta  if source county i and destination county j that comprise t are 

represented only once inkN , and let 0=ta  if 1>ta . The second risk measure is the 
percentage of counts belonging to such singletons that the intruder correctly estimates, 
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Intuitively, Runq will be near one if there are a lot of similar points within the same grid 
cell, the intruder cannot guess which one of them is the one that he is trying to identify. It 
can be seen as an adjusted version of tr . If a point gets correctly identified and it is alone 

( 1=ta ), it contributes more to the average risk than if it is close to other similar points (

1ta < ). By using this measure, we are reducing the effect of the grid size. If we have few 
grid cells, it is less likely to have alone individuals than in a thin grid. That means that 
when m decreases, we expect that the frequency of 1=ta  will also decrease. Thus, the 

average a  gives a better idea of the average risk. 
 
Both allR  and unqR  do not distinguish between intruders whose best guess is close (but 

not equal) to the actual count and whose best guess is far from the actual grid cell. To 
distinguish these, we present a third risk measure based on distances. For each t, let td  be 

the distance between ty  and the count with the maximum probability, so that  
 

( )y
t

y
tt yd ρmaxarg−=   ( 11 ) 

The agency can assess the distributions of td  over all t to determine if, for example, 

errors tend not to be concentrated at small values. We compute td  as the Euclidean 

distance between ty  and the count with maximum probability. Note that the maximum 

td  could equal 6482 = ,  so all differences need to be interpreted relative to that. 

 
While allR  , unqR , and the distribution of td  summarize risks that intruders learn true 

counts, they are not readily interpretable as measures of identification disclosure risk. 
One could repeat this exercise for individual cases.  In particular, in some grid cells many 



records have the same attribute pattern b, so that intruders cannot distinguish between 
them. For an extreme example, consider using only one grid cell for the entire area. Here, 

1=tr  for all t, since a priori everyone is guaranteed to be in the cell. Thus, 1all unqR R= =
and all td  are equal. However, since coordinates are sampled randomly within the single 

cell, releasing S%  introduces zero risks that individual records will be identified (assuming 
the intruder already knows the study area).  
  
3.2 Other Risk Measures and Data Utility 
 
We generate 95% predictive intervals using the predictive distribution. To discuss this 
denote θ = (β, γ, µβ, µγ, φγ, φβ) be the set of parameters, and Ypred be the unobserved data: 
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For each combination (i,j) where there is an observation ijy , we can calculate the 

posterior predictive mean  
 

�����,	
������� =�������,	
�� = ������
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We calculate 95% prediction intervals for each observation (i,j). 
 
4. Conclusion and Final Remarks 
 
The sponsors of this work were very encouraged when we showed some results and 
described how fast the procedure will run compared to what they have in place now. In 
the final version of the paper, we will provide numerical results 
 
References 

 
Dandekar R. A. (2001). Synthetic Tabular Data: A Better Alternative To Complementary 

Data Suppression. CENEX-SDC Project International Conference, PSD2006, Rome, 
Proceedings ISBN: 84-690-2100-1.  

 
Dandekar R. A. and Cox L. H. (2002). Synthetic Tabular Data: An Alternative to 

Complementary Cell Suppression. Manuscript, Energy Information Administration, U. 
S. Department of Energy. 

 
Drechsler, J. and Reiter, J. P. (2008 pp. 227--238). Accounting for intruder uncertainty 

due to sampling when estimating identification disclosure risks in partially synthetic 
data. In Privacy in Statistical Databases (LNCS 5262), (ed). J. Domingo-Ferrer, and Y. 
Saygin, New York: Springer-Verlag. 

 



Duncan, G. T. and Lambert, D. (1989). The risk of disclosure for microdata. Journal of 
Business and Economic Statistics, 7, 207--217.  

 
Fienberg, S. E. and Makov, U. E. and Sanil, A. P. (1997). A Bayesian approach to data 

disclosure: Optimal intruder behavior for continuous data. Journal of Official 
Statistics, 13, 75—89. 

 
Graham, P. Young, J., & Penny, R. (2009). Multiply Imputed Synthetic Data: Evaluation 

of Hierarchical Bayesian Imputation Methods. Journal of Official Statistics, 25, 245-
268. 

 
Machanavajjhala, A., Kifer, D., Abowd, M. J., Gehrke, J. & Vilhuber, L. (2008). Privacy: 

Theory meets Practice on the Map. IEEE 24th International Conference on Data 
Engineering, 2008, 277-286  

 
Reiter, J. P. (2005). Estimating identification risks in microdata. Journal of the American 

Statistical Association, 100, 1103—1113. 
 
Reiter, J. P. and Mitra, R. (2009). Estimating risks of identification disclosure in partially 

synthetic data. Journal of Privacy and Confidentiality, 1, 99—110. 
 
Shlomo, N. & Skinner, C. J. (2010). Assessing the protection provided by 

misclassification-based disclosure limitation methods for survey microdata. Annals of 
Applied Statistics, 4, 1291-1310 

 
Skinner, C. J. and Shlomo, N. (2008). Assessing identification risk in survey microdata 

using log-linear models. Journal of the American Statistical Association, 103, 989—
1001. 

 
 



Innovation at Statistics Netherlands 
 

Barteld Braaksma1, Marleen Verbruggen2 
1Statistics Netherlands, e-mail: bbka@cbs.nl 
2Statistics Netherlands, e-mail: mvbn@cbs.nl 

 
 

Abstract  
 

In 2012, Statistics Netherlands established an Innovation programme and an Innovation 
Lab. The programme aims at stimulating developing and testing innovative ideas for 
statistics production in a broad sense. It uses a three-stage funnel approach that gives 
maximum room for idea generation. The Lab offers state-of-the-art IT facilities and a 
suitable environment for testing purposes. This paper describes the approach and also 
illustrates it on some concrete examples. 
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1. Introduction 

 
We notice several trends in society that ask for an appropriate response from statistical 
offices. A few examples: the political pressure to reduce the administrative burden, 
respondents (both households and companies) who are less willing to respond to time 
consuming questionnaires, the high volatility of information and the increasing need for 
rapid, to-the-point and easily accessible information, the shift to mobile devices and 
finally, the increasing importance of internet. 
 
It is the challenge of statistical offices to use their knowledge and innovation power to the 
optimal extent, in order to remain able to respond pro-actively and in a creative way to 
these developments. This paper describes how Statistics Netherlands has developed an 
Innovation programme. A three-stage funnel approach plays a key role in this 
programme. This approach gives maximum room for bottom-up development of ideas, 
while it focuses at the same time on maximum contribution to the goals of the 
organization. The Innovation Lab is an important instrument for the Innovation 
programme. It offers a suitable environment to support the generation of ideas and test 
their feasibility. 
 



2. The Road to Innovation 
 
In January 2012, Statistics Netherlands formally started its Innovation programme in 
order to accelerate innovation and thus facilitate dealing with the trends signalled in the 
Introduction. Both an approach for channelling the stream of ideas and infrastructural 
facilities for experiments have been established. 
 
Before the programme actually started, a number of study visits were paid to government 
institutions and private companies renowned for their innovative character in order to see 
how they deal with innovation. This gave a lot of inspiration for our own Innovation 
programme. Many best practices from other institutions could be copied and incorporated 
into our own Innovation programme. This gave the programme a head start, saved the 
investment of inventing an own approach and increased the chances of success. 
 
2.1 Three Drivers 
 
The Innovation programme is driven from three sides: 
 
(a) External developments. New output channels are emerging that require attention. One 

example is the move towards Open Data. All Dutch government institutes are 
required to make their public information available in open data format. Since 
information production is the core activity of Statistics Netherlands, we are expected 
to play a leading role in this movement. Another challenge is the reduction of 
administrative (response) burden in particular for companies; 

(b) Technological challenges. Increasingly, many new so-called ‘big data’ sources are 
becoming available, which need new processing techniques and also provide new 
output opportunities. Examples include data from social media like Twitter, mobile 
positioning data, prices collected from internet and traffic detector loops (over 10,000 
measure points built in highways in the Netherlands to measure traffic intensities on a 
minute-to-minute basis); 

(c) Internal ideas. Many employees at Statistics Netherlands have ideas to improve 
existing statistical processes, create new output based on the re-use of existing 
material, or generate synergies across different subject matter domains. A proper 
outlet for this creativity was lacking. Many ideas could therefore not sufficiently be 
explored, to the disappointment of their inventors. 

 
All three drivers generate innovative ideas, where an idea is to be understood in the 
broadest sense possible. These ideas can be explored and tested using the approach 
sketched below. 
 
2.2 Three-Stage Approach 
 
‘The best way of having a good idea is having a lot of ideas’. A three-stage funnel 
approach was introduced in order to manage the stream of ideas and select the most 
fruitful and promising ideas. The funnel approach was inspired by a model that is 
successfully implemented by other organizations. 



 
The first stage of an innovation track consists of “Idea Generation”. People having a 
rough idea are stimulated to submit it to the Innovation programme, which then helps to 
enrich the idea into something that appeals to a possible sponsor. Enrichment may mean 
either better articulating the idea, improving its focus or combining similar ideas. When 
the idea is sufficiently clear, a sponsor is sought who is interested in the idea and has the 
intention to implement the idea when it is proven successful. The sponsor is often a 
manager of a production unit. 
 
The second stage is the “Proof of Concept”. When a sponsor has been found and the idea 
is sufficiently clear, concrete and focused, a proposal for a Proof of Concept (PoC) is 
formulated. The PoC is a well-defined experiment that can be conducted in a limited time 
(three months as a rule of thumb) and uses limited resources (500 working hours at most). 
Both the sponsor and the inventor of the idea are expected to contribute resources to 
realise the PoC. The Innovation programme has a supporting and facilitating role. 
 
The third stage is that of “Implementation”. It is mainly the responsibility of the sponsor 
to decide on implementation, based on the results of the PoC. This may for example 
mean that a regular development project is started. The innovation track can also stop 
after a PoC, if the results are considered not fit for implementation. Other outcomes may 
be to start a further PoC or start a research project to improve the theoretical foundation 
of a PoC’s results. 
 
The funnel aspect means that our aim is that about half of the ideas are developed into a 
PoC, and that roughly half of the PoCs give rise to an implementation project or other 
follow-up activity. This differs from the traditional approach for research and 
development projects, where basically all projects started are expected to deliver 
applicable results. It also implies that we have to accept the risk that an idea will not lead 
to implementation. We must learn not to consider this as a failure. Exploring an idea in 
itself is worthwhile, even though it is not further pursued. 
 
The approach described here serves as a guideline and is not adhered to very strictly. If 
another approach seems more suitable to follow up on an idea, we will choose this other 
approach. This is in line with the philosophy of the Innovation programme, which tries to 
facilitate and enable ideas without too much hassle. The one thing we adhere to strictly, 
however, is that we only follow up ideas for which a sponsor has been found. If nobody 
is willing to consider using the idea, we do not want to invest in it. 
 
2.3 Research vs. innovation 
 
When the Innovation programme started, one of the recurring questions was what 
distinguishes innovation from (methodological) research. This is indeed a non-trivial 
question, and in some cases there is overlap between research and innovation. Moreover, 
often the same people work on both research and innovation activities. 
 



The main characteristic of methodological research is that it starts from a theoretical 
perspective and tries to solve an abstract problem. This is often not straightforward and 
the results are uncertain. The abstract problem may or may not be inspired by a specific 
situation. Usually, only after the abstract problem is solved, one tries to find practical 
applications and possibly implementation through a development project. 
 
The main characteristic of innovation is that it starts from a concrete, practical problem, 
including an idea how to solve it. A Proof of Concept serves as an experiment to 
demonstrate that the proposed solution actually works. Of course, when carrying out a 
PoC many smaller and bigger (methodological) issues may arise which need to be 
addressed along the way. 
 
Given the above distinction, both methodological research and innovation have their own 
niche and are valuable in their own right. There are many opportunities for cross-
fertilization. For example, the practical applicability of a research project may be 
demonstrated by a PoC. On the other hand, the outcome of a PoC may be that more in-
depth research is needed for what at first looked like a straightforward idea with a clear-
cut solution. Moreover, a PoC may use existing methodology or the results of a PoC may 
suggest methodological research topics. 
 
2.4 Organisation and governance 
 
The Innovation programme is essentially run by three people: the Programme Director 
for Knowledge and Innovation, the Innovation Programme Coordinator and a Programme 
Assistant. All three people devote about half of their working hours to the Innovation 
programme. Their main tasks are to make sure the Innovation programme and facilities 
run smoothly and to support the innovators where needed. 
 
The actual innovation work is done in the various activities like PoCs. Usually the 
original inventors of an idea work on their innovation tracks, together with representative 
from their sponsors and, when needed, people from the methodology and/or IT 
departments. A pre-set annual budget is available from which methodology and IT 
resources may be drawn. 
 
Efforts are made to keep the overhead and paperwork, associated with running an 
innovation track, as light as possible. For example, the PoC is formulated using a one-
page template to describe its main characteristics. An elaborate project plan, to be 
approved by a steering committee, is not required. Upon completion, each PoC is 
expected to deliver a short report explaining its approach and results. 
 
The Innovation programme falls under the direct responsibility of the Director General of 
Statistics Netherlands. It follows the normal Planning and Control cycle of Statistics 
Netherlands, which means that an annual work plan and quarterly progress reports are 
submitted to the Board of Directors for discussion, before formal approval by the 
Director General. 
 



 
3. Infrastructure and facilities 
 
3.1 The Innovation Lab 
 
The Innovation Lab is a physical space (actually two rooms: one in The Hague and one in 
Heerlen, connected by video conferencing facilities) that encourages quick elaboration 
and testing of innovative ideas and collaboration. It was officially opened by the Director 
General and Deputy Director General in May 2012. The Innovation Lab is now being 
used to work on several innovative ideas. Some examples are given in Chapter IV below. 
 
Many ideas need the so called “attic environment” to grow. The Innovation Lab offers 
this facility. In the Innovation Lab, statisticians can work on laptops and desktop PCs 
without the restrictions imposed by the closed internal network and its standard 
workstations. This makes it easier to test new methods, try out non-standard software, 
and simulate alternative statistical processes. 
 

 

Figure 1. The Innovation Lab in The Hague 

 
The Innovation Lab can also be used as a collaboration space. Every piece of furniture is 
on wheels, which makes the use of space very flexible. It can be used either as a single 
space or divided in up to three separate workspaces. This makes the Innovation Lab a 
suitable environment for brainstorm sessions, workshops, informal presentations and 
open coffees etc. The Innovation Lab stimulates collaboration between different fields of 
expertise. It is an inviting and inspiring environment. 



 
3.2 Other infrastructure 
 
Apart from the Innovation Lab, the Innovation programme has a number of state-of-the-
art stand-alone laptops and desktop PCs available. They may be used to carry out 
experiments that cannot be easily done on the standard closed network environment. This 
may be either due to the fact that specific software is not available on the network (which 
allows for obvious reasons only extensively tested and approved software), or that the 
standard virtualised desktop PCs have limitations in storage, memory or processing 
power which makes it awkward to use them for experiments with for example big 
datasets. Since some of the data being processed are sensitive and should be stored 
securely, safes are available to store for example data DVDs, laptops or hard disks. The 
Innovation programme has a limited budget to buy specialised software for testing 
purposes. This budget may be applied to buy specialised hardware as well. 
 
 
4. Innovation Tracks 
 
4.1 Priority areas 
 
The Innovation programme is loosely organised in five priority areas. 
 
(a) Data Collection Innovation 
(b) Efficient Processes 
(c) Output Innovation 
(d) Big Data 
(e) IT Innovation 
 
Here, ‘loosely’ means that we do not simply dismiss ideas that do not fit in either of these 
areas. We do, however, stimulate ideas that do fit in these areas and in practice all ideas 
submitted so far fit in one of them (some fit in several categories at once). The areas are 
chosen because they correspond with goals of the strategic multi-annual statistical plan. 
The first four areas agree with areas in the methodological research programme, which is 
natural given the strong interaction between research and innovation described above. 
 
All five areas are rather active. Below we elaborate some innovation examples in the area 
of Data Collection Innovation and briefly discuss the area of Big Data. 
 
4.2 Internet as a Data Source 
 
The internet has become an indispensable infrastructure for society. A growing 
proportion of our day to day communication, information and economic transactions now 
take place via the internet. ‘Internet as a Data Source’ or IaD, first of all, concerns 
innovative techniques for searching and retrieving information available on the internet. 
The data collected can then be used to produce statistics. An example is the observation 
of prices of goods and services using specialised software (‘internet robots’ or ‘web 



crawlers’) for calculating inflation figures. However, practice shows that IaD requires 
much more than just a set of innovative technologies and the collection of data from the 
internet. In particular, the methodology and processes underlying the technologies need 
proper attention, in order to translate the unstructured data, collected from webpages, to 
reliable and representative statistics. This includes, for example, the categorisation and 
standardization of collected information, de-duplication, visualization and interpretation 
of internet data. And, finally, IaD has harsh legal dimensions, which have to be met 
before an IaD-project can be started. 
 
Mid 2010 a two year IaD research programme was set up within Statistics Netherlands. 
This programme included research projects on internet robots and on the use of datasets 
that were directly obtained from website owners. When the Innovation programme 
started, it adopted the Proof of Concept (PoC) parts of the on-going IaD program. The 
Innovation Lab and its infrastructure supplied the necessary IT facilities for processing 
the large data sets involved and enabled the use of non-standard software for building 
internet robots, among other things. 
 
An example of the use of data from a website owner is that of the data from the Dutch 
EBay for the years 2006 – 2011. These data on the consumer to consumer market are 
analysed in the broader framework of the internet economy. Another example is the use 
of data from an internet speed measuring site. It offers internet users the opportunity to 
analyse their actual broadband speed and, simultaneously, collects data on background 
characteristics, location and provider subscription. This provided possibilities to analyse 
relations which are very useful for policy reasons. 
 
4.3 Data Collection using Smart Phones 
 
Another area where data collection can be innovated is the use of smartphones and other 
intelligent mobile devices. Estimates show that one out of two persons in the Netherlands 
already owns a smartphone. This makes it worthwhile to investigate their potential as a 
data collection device. Since 2010, Statistics Netherlands has conducted several 
experimental smartphone-based data collection studies.  
 
One series of experiments relates to mobility statistics. In this study, we cooperate with a 
specialized external partner. They developed a smart-sensing App that measures trips and 
combined it with a back-end infrastructure that automatically deducts the modality of the 
trip, for instance a trip by car or by foot. In addition, some extra questions like the 
purpose of each trip are asked from the user through the App interface. We tested this 
App with small groups of volunteers, to determine whether it provides data of sufficient 
quality and a sufficient user experience. Unfortunately, we did encounter problems like 
insufficient precision of the recorded trips, inaccurate deduction of the modality and 
increased battery depletion due to GPS use. Test users, however, were still enthusiastic 
about the potential and we are working with the external partner to try and solve these 
technical problems. When the technical quality is considered sufficient, we plan to 
proceed to a large-scale field experiment in the second half of 2013 to test willingness of 



regular survey participants to start using the App instead of traditional 
CATI/CAWI/PAPI approaches. 
 
Smartphone studies are not only conducted because of the possibilities to innovate the 
data collection process. Equally important is the fact that there is a big need for data 
which provide insight in the developments and use of mobile services and therewith their 
social and economic impact. One study in this respect involved tracking 130 volunteer 
smartphone owners over a period of four weeks in October 2011. They installed a 
research App on their smartphone, which produced measurements (data logs) for the full 
observation period. These data logs provided useful insights into aspects such as 
frequencies and duration of the use of mobile services, visits to websites (surfing 
behaviour), calling and SMS behaviour, data consumption and traffic and the use of the 
different internet connections. In addition, the location was recorded every five minutes. 
In addition to the tracking of the smartphones of the volunteers, two surveys were 
conducted: one before the tracking period started and one at the end of the study. 
Experiments were also conducted with pop-up surveys. For example, immediately after 
the use of a social media application two questions were asked about the reason to 
participate in social media. The combination of smartphone measurements, pop-up 
surveys and complementary surveys provided a very rich collection of data on behaviour 
as well as on motives and background information. 
 
There are still big challenges with smartphone studies. The main challenge, apart from 
technical difficulties, is the recruitment of participants. It appears that at the moment only 
5-10% of potential participants are willing to participate in these kinds of surveys. The 
main reason for not participating is privacy concerns. Other reasons include no time, not 
allowed to download the App because it is a company owned mobile, or the App 
consumes too much power. For the time being, such a limited willingness limits the 
investments in smartphone data collection that can be justified. 
 
4.4 Big Data 
 
The amount of data produced in our modern world has led to the concept of ‘Big Data’. 
Big Data are characterized by increasing volume, velocity and variety; the famous 3 V’s. 
For example, each day automated sensors generate 80 million traffic loop detection 
records in The Netherlands. And each day, one million social media messages (Twitter, 
Facebook etc.) are produced in the Netherlands. 
 
Big Data are potentially very interesting as input for official statistics; either for use on 
their own, or in combination with more traditional data sources. However, extracting 
meaningful statistical information from massive amounts of data poses major challenges. 
It can either be done by clever selection and transformation processes (‘making big data 
small’) or by large scale ‘number crunching’. Both approaches require a state-of-the-art 
IT infrastructure. Moreover, important statistical quality issues concerning coverage, 
representativity and accuracy need to be addressed and solved. Methods developed for 
the statistical use of administrative data sources provide a good starting point. 
 



The data exploration phase for Big Data typically takes considerably more time compared 
to other, often more structured, data sources. A need for new exploration and analysis 
methods thus arises. Many of these methods already exist elsewhere, but are new to the 
field of official statistics. Three groups of methods seem particularly promising. 
Visualization methods like tableplots, 3D heat maps and data movies, can be used to 
quickly gain insight into the content of a Big Data source. Since many Big Data sources, 
such as social media and web pages, are largely composed of text, Text mining methods 
are needed. Which text mining method works best is very data source and topic specific. 
High Performance Computing methods like parallel processing and analysis of large 
amounts of unstructured data on distributed systems (in ‘the cloud’) naturally are also 
needed. Unfortunately, it is often difficult to apply such methods within the secure, but 
rather closed, environment at our office. 
 
Big Data is an active research area within Statistics Netherlands which is strongly 
supported by the Innovation Programme and the Innovation Lab (Daas et al. 2013; Torres 
van Grinsven and Snijkers 2013). For example, experiments were carried out on 
sophisticated Innovation Lab equipment, access to external Big Data sources was 
provided and contacts with external partners were initiated and encouraged. 
 
 
5. Concluding Remarks 
 
The Innovation programme has made a successful start. In its starting year 2012 already 
some 50 ideas have been submitted to the Innovation programme. This is more than what 
was expected (25 ideas for the whole year 2012). First experiences with the Innovation 
Lab have also been very positive. For example, in the first few months after the opening 
already 20 workshops were organised in these facilities. The technical facilities and 
informal ambiance are highly appreciated. 
 
The Innovation programme has been very active in organising communication events like 
an Innovation market, thematic lunch meetings, presentations and open coffees. This has 
helped to stimulate creation of ideas and raised awareness of the goals and results of the 
Innovation programme. It has also served as a means to stimulate knowledge sharing 
between practitioners from different fields of expertise. 
 
Although the Innovation programme is still in its infancy, we can already see some types 
of innovation tracks emerging. For example, one type of innovation track explores a new 
data source and tests its possibilities for new statistical output. Another type tests if a 
specific software tool is fit for a statistical task or, alternatively, tries to select a suitable 
tool from a shortlist for a given task. A third type of innovation track turns available 
statistical information into new output; for example by applying a new visualisation 
technique or combining different sources. 
 
Many innovation tracks are done in close collaboration with external partners. These 
include non-profit institutions like universities and government bodies and commercial 
enterprises like IT consultants and data providers. In this way we gain access to 



knowledge, expertise and data sources that are not (yet) available in our own institute. 
Often a win-win situation arises. Some partners for example appreciate the fact that they 
can test or validate their products and services on real data. Others are interested in the 
statistical results for their own purposes. 
 
The Innovation programme facilitates inventors to realize their innovative ideas. In doing 
so, we often help with non-statistical matters, such legal aspects. When exploring a new 
data source we always need to be aware of possible confidentiality and security issues. 
And when collaborating with external partners we have to think about contractual 
negotiations, which is not an area of expertise for most statistical researchers. Another 
experience is that some PoCs need experimental software or dedicated hardware which is 
–for good reasons–not available and not allowed on the standard (closed) IT 
environment. The Innovation programme helps to build up experience with such issues 
and tries to find appropriate solutions. 
 
After some years of experience with IaD, the main conclusion is that it is not too difficult 
to make statistics based on internet data only. To make the step from just internet 
statistics to official, reliable and especially representative statistics, however, can be a 
huge challenge. It is not so much the technology and data collection itself that poses the 
major challenges, but the methodology and visualization in the later steps of the statistical 
process. It helps if the internet data can directly be coupled to existing population frames. 
The fact that data and expertise sometimes must be bought from third parties can lead to 
negative financial business cases. Companies are becoming more and more aware of the 
value of their (internet) data. Despite these challenges we believe that IaD has the 
potential to be integrated into the statistical processes of Statistics Netherlands and 
contribute to quick and new or improved statistics with less survey burden at lower costs. 
Similar conclusions apply to the use of smartphones in the data collection process. A key 
challenge here is to recruit enough people to participate in such studies. Also for Big Data 
a similar set of conclusions applies with the added complication that storage and 
processing requirements cause additional challenges. 
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Abstract  
 
This paper argues for the need for the development of longitudinal statistics to support 
evidence based politics. EU member states have the most developed welfares states in the 
world, but there is a remarkable lack of data to support the evaluation of the outcome of 
welfare state interventions like the educational system and welfare state programmes like 
active labour market policies. The paper draws on examples of longitudinal statistics 
produced by Statistics Denmark to underline the point that longitudinal statistics are an 
important supplement to the existing statistical programme of the national statistical 
agencies as well as Eurostat.  
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1. Introduction 
 
The main argument in this paper is that official statistics should play a must more active 
and important role as the provider of longitudinal statistics on goal attainment for major 
and important political goals. Official statistics today deliver stock statistics on very 
many important issues and it should continue doing so. But on top of that a system of 
longitudinal statistics should be developed to cover – at least for a start – some of the 
most important societal areas like labour market and education. The paper argues that this 
is an important role for official statistics and it illustrates the insight one can get from 
longitudinal statistics with examples from Statistics Denmark. 
 
2. The development of the welfare state and quest for evidence based 
policies 
 
The welfare state is one of the most important contributions to the organisation of society 
that has come from Europe. There are welfare systems in other parts of the world but 
none where the state takes on the responsibility for its citizens in relation to education, 
employment and care as is the case in Europe (cf. Ploug & Kvist, 1996). 
The history of the European welfare states dates a long time back to the first benefit 
arrangements introduced by Bismarck in Germany in the late 1880ies. The development 
of welfare states in all European countries was a gradual development with an especially 
high degree of expansion in the decades after the Second World War. It included the 
development benefit systems like unemployment and sickness benefit as well as old age 
pensions – maybe one of the most successful features of the welfare state ensuring elderly 
citizens a decent life far from the poverty that faced many elderly before the development 
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of the welfare state. Gradually it also included the development of universal systems for 
benefits in kind like health care, education and more recently also active labour market 
policies. 
 
Part of the expansion of the welfare state is related to the development of what can be 
called social entrepreneurship. The point of social entrepreneurship is that welfare state 
interventions like e.g. education and active labour market programmes should lead to an 
outcome where citizens who participate in these programmes end up in a more positive 
situation than before their participation. The goal of social entrepreneurship is that the 
educational system should make it possible for children to continue their education after 
basic schooling and should make it possible for the unemployed to get a job after 
participating in an active labour market policy programme. 
 
Billions of Euro’s are spend on welfare programmes all over Europe to ensure that 
citizens get better possibilities in life through these kinds of welfare state intervention.  
The problem is though, that there exists no or very little knowledge of whether the 
interventions actually work as intended. It might be that those children who go on to take 
a higher degree of education would actually managed anyway – without the help of the 
educational system – and that those unemployed who eventually get a job after their 
participation in an active labour market programme – might have got the job anyway.  
 
In relation to labour market policies, educational policies and social policies there is a 
lack of systematic evaluation of the interventions and programmes directed towards the 
citizens. The general sentiment is that education cannot be bad, that active labour market 
policies are positive and that social policy intervention towards fragile citizens are a good 
thing to have – but it would be nice to have a more solid knowledge base in order to 
know for sure if this is actually the case. 
 
There have been initiatives in order to increase the knowledge base in these areas. 
Inspired by the Cochrane collaboration in health care the Campbell collaboration was 
founded some 10 years ago to further the production of systematic knowledge of 
interventions in education and social policies. Further on in education the comparative 
PISA assessments have had a major impact on the development of educational policies in 
many OECD member states. 
 
The main point of this paper is that this development should be taken to a different level 
with a systematic production of longitudinal statistics by national statistical agencies in 
order to support evidence based policies. 
 
3. The importance of statistics for evidence based policies in Europe 
today 
 
Due to the fact that EU member states have the most well developed welfare states in the 
world statistics for evidence based policies are important for all member states. But it is 
also important at a European level. The member states have in common agreed up on a 
number of very important policy goals in the EU2020 strategy; the reduce the rate of 
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early school leavers so that it is below 10 per cent, to ensure that at least 40 per cent of all 
30-34 year-olds complete third level education, to ensure that at least 75 per cent of 20-64 
year-olds are employed and to reduce those in risk of poverty and social exclusion by at 
least 20 million people. 
 
These are all goals that can and should be monitored by ordinary, high quality statistics at 
the European level, but longitudinal statistics can also play an important role. Already 
today one could begin monitoring the development in educational attainment for the 
group who will be 30-34 years of age in 2020. Defining this population and following 
their path through the educational system year by year from now on and until 2020 will 
give important information on the potential success or failure in relation to the goal of 40 
per cent attaining third level education in 2020. Looking at the part of the population that 
today are at risk of poverty and social exclusion and following them as a defined 
population year by year to see how many leave poverty will also give important 
knowledge on whether this goal can be fulfilled in 2020. 
 
4. The role of statistical agencies in the provision of data for evidence 
based policies 
 
Statistical agencies should develop longitudinal statistics in a number of well-defined 
areas that are important for evidence based policies at the national as well as on the 
European level. This can only be done if the data for statistics has a longitudinal structure 
enabling the statisticians to follow the same persons from year to year. A number of 
member states have already developed the capacity to use data from administrative 
registers as an input to official statistics. There is in general an ambition within the 
European Statistical System to take this development further and to use data from 
administrative sources as an input to official statistics in as many areas as possible. The 
work of a Eurostat task force showed that it was actually possible in a majority of 
member states to use e.g. data from tax registers and in some cases also data from other 
administrative sources as an input to official statistics. In doing this it is important to 
structure the data so that they can be used for longitudinal statistics i.e. creating an 
integrated register whit a marker so that individuals can be followed year by year. In the 
cases where administrative data to support the development of longitudinal statistics does 
not exist these kinds of data can be crated through a longitudinal module in relation to 
existing data sources like the EU-SILC, where it is already in place and the LFS – even 
though this comes at a considerable cost. This is why the developments of longitudinal 
statistics walks very well hand in hand whit the ambition to a higher degree to use 
administrative data sources for official statistics. 
These kinds of data will not only be important for statistical agencies and the statistics 
that can be produced on the basis of these data will not only be of interest for 
policymakers all over Europe – the data and the dynamic analysis that can be produced 
based on these kinds of data will be of great interest for the research community. 
 
5. Examples of longitudinal statistics from Statistics Denmark 
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Social Statistics at Statistics Denmark are produced based on an integrated statistical 
system – PSD – the personal statistical database. This is a kind of data warehouse where 
all variables used for the production of social statistics i.e. population, labour market, 
education and welfare statistics are stored and use for the production of traditional stock 
statistics in an organised way. In some areas like e.g. education and labour market a 
number of integrated data bases have been developed as part of the overall system of 
social statistics. 
The structure of the data enables the production of longitudinal statistics. These kinds of 
statistics has gradually become a part of the general programme of official statistics 
especially in the area of education, but longitudinal statistics has also been produced as 
part of dedicated analysis and publications in area of labour market statistics. 
In the following one can find a number of examples of these kind of statistics in order to 
illustrate how useful they can be. 
 
5.1 The goal of third degree education 
 
It has been a political goal for shifting Danish governments for decades that 95 per cent 
of youth should have some kind of education on top of basic schooling. To illustrate the 
goal achievement in this area Statistics Denmark has produced a longitudinal statistics 
that looks at the degree of 25 year-olds in 2010 that have some kind of third degree 
education measured on the municipality the lived in 10 years earlier – in 2000 cf. figure 
1. As basic schooling is organised at the municipal level in Denmark this kind of statistics 
contains information on to what degree the 98 different municipalities in Denmark 
produce pupils that after basic schooling actually get some kind of third degree education. 
 

 
 
Figure 1 The share of 25 year old Danes in 2010 with a third degree education 
measured on the municipality they lived in in 2000. 
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In general it is evident that only very few municipalities are able to deliver pupils from 
their basic schools where close to 95 per cent ten years later have a third level degree. 
There can be many reason for this. It is well known from the academic literature in the 
area that parental background plays an important role, and this might be the explanation 
for the municipalities north of Copenhagen as they are well known for being 
municipalities with inhabitant with a very strong educational and economic background. 
This might not be the explanation though for the outlier municipality in the vest of 
Jutland that are the only municipality outside the greater Copenhagen area that are close 
to the political 95 per cent goal. It is also evident from the map that there are a number of 
municipalities south of Copenhagen and on Zealand that are the ones who are quite far 
away from the 95 per cent goal.  
This kind of information is important for policy makers as well as for researchers. The 
statistics in them-selves do not explain the differences between the municipalities – they 
just report them. But it contains at least two kinds of important information for 
policymakers namely that overall the 95 per cent goal is ambitious and second that there 
are variation in the degree to which the goal is full filled in the schooling system in the 
different municipalities. These differences should be of importance not only for policy 
makers but also for  researchers that should strive to try to explain the mechanisms 
behind the differences. 
 
5.2 Further education after high school 
 
The purpose of a high school degree is to use the qualifications one gets from high school 
to take on further education at universities or professional schools. Based on the 
integrated register for educational statistics in Statistics Denmark one can follow the high 
school graduates path through the educational system cf figure 2. 
 

 
 
 
Figure 2 Share of Danish high school graduates 2001 who teen years later have 
full filled further education – divided on different types of high school diploma 
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The green column shows overall the degree of high school graduates from 2001 who 
have finished further education in 2011. This is the case for 75 per cent while 25 per cent 
of those who graduated 2001 don’t have any kind of finished further education in 2011. 
There are differences in  relation to the different  kinds of high school diploma one can 
get. The highest share of finished further education is found among those who specialised 
in trade (Hhx). 
 
5.3 Labour market dynamics 
 
Flexible labour markets and sufficient social security – also known as flexicurity – has by 
some been seen as an ideal labour market model. One point in relation to this is that a 
dynamic and flexible labour market will produce unemployment – but the unemployed 
should be ensured unemployment benefit at a sufficient level –and the dynamic labour 
market should ensure that unemployment spells are only of shorter duration.  
Using longitudinal statistics one can monitor this cf. figure 3. The figure shows the share 
of unemployed on the first day in month x who are not registered as unemployed on the 
first day in month x+1 for the period 2007 to 2009. 
 

 
 
Figure 3 Share of Danish unemployed at the first day in a month not registered as 
unemployed on the first day in the following month. January 2007 to August 2009 
  
 
This graph pictures the development in an important part of labour market dynamics 
during the economic crisis. Before the crisis around 40 per cent of people registered as 
unemployed  - in the beginning of one month - where not unemployed one month later. 
During the crisis this share fell to 15 per cent. But entering 2009 it gradually moved back 
towards the pre-crisis level. This is important information. It shows the shock the labour 
market was exposed to during the crisis. But it also shows that the labour market 
gradually moves back towards the pre-crisis levels of dynamism, and by this shows that 
the risk for long term unemployment on average is close to being the same before and 
after the crisis. 
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6. Conclusions 
 
This paper has argued that official statistics should on top of the existing high quality 
stock statistics start to develop the foundation for the creation of longitudinal statistics in 
order to contribute to the quest for evidence based politics. EU member states has the 
most well developed welfare states in the world. These welfare states contains a number 
of interventions like education and programmes like active labour market policies that 
need a sound statistical foundation for the evaluation of the outcomes of e.g. the 
educational system or active labour market policies. On top of this EU in its 2020 plan 
have formulated a number of goals that could and should be monitored through the 
development of longitudinal statistics.   
The paper illustrates its main point – that the knowledge and information one can get 
from longitudinal statistics are very important – by a number of examples of longitudinal 
statistics on education and labour market dynamics in Denmark. It should be evident by 
these examples that longitudinal statistics can be an important and fruitful supplement to 
the existing statistical programme of national statistical agencies and Eurostat. 
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Abstract 
 

The use of administrative sources with statistical purposes  is part of the current activity 
of the National Statistics Institute (INE, Spain), in various fields. UFAES  project 
provides a new qualitative impulse to these activities, with objectives oriented to 
significantly reduce the sample size of the major INE annual structural business surveys. 
The core idea is to maintain, for a rotating subpopulation, the estimates from a complete 
direct observation (in the sense of being obtained from a survey of the same sample size 
as at present) in the first year of a biennium, while in the following year the sample for 
direct observation will be drastically reduced in size, compensating the efficiency losses 
with the gains provided by an additional subsample extracted from the previous year 
effective sample, updated with model assisted estimates based on the change at the 
microdata level in the tax variables associated with target statistical variables. 
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1. Introduction 
  
The use of administrative sources is, obviously, part of the ordinary business of the 
National Statistical Institute (INE ) of Spain in various areas of its activity, particularly in 
comprehensive statistics of administrative origin, frame building and other tools of 
statistical infrastructure (especially for censuses), synthesis operations (national accounts, 
indicator systems), as well as a  support for data editing, imputation and analysis. More 
recently, direct use of administrative microdata has been implemented in household 
surveys (wages , labour force, living conditions…). This development has been greatly 
influenced by the provisions of the 2002 INE-Tax Department institutional agreement, in 
addition to those general EU statistical legislation and specific regulations which refer 
specifically to the need to facilitate the use of administrative sources in statistical 
operations carried out for compliance with Member State reporting obligations. 



 The use of accounting information from the Register of Enterprise Public Accounts, web 
searches and other sources for the editing stages of structural business surveys has 
significantly reduced the response burden on enterprises particularly by reducing the 
number of further contacts for data updating. Nonetheless, the project described in the 
paper, with its two stages of development, simulation (SIMFAES) and use (UFAES) of 
administrative sources in structural business surveys, gives a new qualitative boost to that 
approach, with aims geared towards significantly reducing the sample size of the two 
main structural business operations at INE: the Annual Survey on Manufacturing 
Industries  (EIAE) and the Annual Business Survey in the Services Sectors  (EAS). There 
exists a cumulated experience on the problems related to some shortcomings of 
administrative sources, and particularly tax sources, in meeting statistical information 
needs currently provided by structural business surveys, specifically, the existence of 
structural variables required by national and/or EU  regulations for which there is no 
correspondence with variables included in the administrative source and the limited 
coverage of the business subpopulation with the legal status of natural person (this 
subpopulation is particularly significant in the EAS ). 
The project described here was devised with a view to overcoming as far as possible the 
above limitations and at the same time obtaining a significant reduction in the burden and 
costs of structural surveys. It was formulated with a preliminary simulation phase to 
replicate the planned procedure, applied to sub-samples of microdata extracted from the 
effective samples of the annul surveys  which were already available. 
 
 
2. Simulation of the use of administrative sources in structural business 
surveys (SIMFAES) 
 
 UFAES project was designed on a two-year basis taking profit of the use of the panel 
component of tax information given that primary information is available for the same 
units over consecutive periods. The aim is to produce estimates based on a complete 
direct observation (in the sense that they are obtained from a survey of the same sample 
size as the current one) in the first year of the biennium, while in the following year the 
sample for direct observation will be drastically reduced in sample size. Losses in sample 
sizes are compensated by efficiency gains provided by an additional subsample extracted 
from the previous year final sample, updated with model assisted estimates and 
imputations based on the change at the microdata level observed in the tax declarations,   
for the same enterprise (sample unit) . 
Through this approach, SIMFAES simulations were implemented over the two-year 
period for which both final survey data and tax microdata were already available at the 
time (2008-2009). In the simulation for the second year the sample size was artificially 
reduced to the limit of efficiency for the national level, replicating four artificial 
subsamples of the effective total. In real world the ‘reduced’ sample will constitute the 
only collected sample in that year. In addition, four supplementary subsamples were 
artificially selected as subsets of the effective sample in t-1 . 
The project team decided to work primarily with the Annual Business Survey on the 
services sectors (EAS), which has the greatest sample reduction potential, postponing the 
processing of the Annual Survey on Manufacturing Industries (EIAE) until the evaluation 



of the results achieved on EAS had been carried out. The tests were conducted across the 
full scope of NACE activities in the EAS, although the aim of the UFAES 
implementation phase during its first two-year real-world reference period (2012-2013) is 
that the term 'complete sample' or 'reduced sample' only be applied to a subset of 
activities (covering complete NACE divisions representing aprox. 50% of the target 
universe), rotating symmetrically with the rest of the divisions over the next two-year 
UFAES period to ensure that the sample sizes to undergo real-world direct observation 
remain fairly stable every year. 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

C.1. Selection chart 
 
 
The above chart represents the planned design for UFAES, applied in the simulation 
stage. The notation refers to effective samples, observed in fieldwork, although the 
selection is initially performed with theoretical samples (not shown in the chart) 
associated with the latter in order to log unit deaths, which must be kept track in order to 
calculate the sampling weights of integrated samples. First, the theoretical sample used to 
obtain the effective sample N(t) is selected in advance with the allocation and sizes 
needed for a satisfactory degree of efficiency in the variables and strata required by EU 

N(t) 

 M’(t)  

Sample S(t-1) 
(exists in both real 
and artificial world) 

Sample S(t) 
(does not exist in real 
world) 

Updated additional subsample 
year t. Exists in real and 
artificial world 

FRAME (t) 
 

Reduced sample year t 
Exists in both real and 
artificial world (as subsample) 

Additional subsample M(t-1) 
It exists in both real and artificial 
world 

FRAME 
(t-1) 



SBS regulation as well as by the objectives of the survey at the national level. As the 
results of the simulations are assessed, the sample sizes may be reduced below this 
standard level. The artificial effective sample N(t), simulated for this phase as a 
subsample of S(t), is the one that would provide direct observation information in the real 
world in year t, in which what is designated here as S(t) will not exist (instead, the entire 
frame will be available in t). The administrative variables available for t and t-1 will be 
loaded for each elementary record of N(t). 
Subsequently, an effective subsample M(t-1) will be obtained from the EAS theoretical 
sample in (t-1) and updated with the effective sample S(t-1). The theoretical 
supplementary sample in t-1, from which the effective sample M is derived, is selected 
with the necessary allocation and sizes to ensure that the integration of N(t) and M (t-1) –
after the estimation processing designed in UFAES–meets the national and international 
demand for results for all sub-national domains in the reference year t. Successive size 
reductions of the subsample N(t) will normally be associated with increases in M(t-1). 
The effective subsample M(t-1) will be updated to the frame of the year t, producing 
deaths of units when switching from t-1 to t, which will generate the subsample M'(t). 
The latter will load the complete record of M(t-1) as well as the set of associated 
variables for each sampling unit extracted from  the administrative sources in t and t-1. 
 
 
3. Central statistical variables and associated administrative variables 
 
An essential part of the project is the allocation of a typology to the different variables 
involved in the estimators, using a specific coding system in order to distinguish the 
estimation process that they undergo in the different UFAES development phases. 

Only the associated category is considered for administrative variables, with the standard 
notation a in the project documents. They are present in the tax forms and should have a 
very high correlation with a variable of the same name or that is conceptually close to it, 
obtained from the statistical source by means of the survey, referred to as a 'central 
variable'. UFAES uses the information on the associated variable to estimate the change 
in the central variable so that, should it arise, the impact of the lack of an exact 
conceptual match between the two would be attenuated to an extent. When there are 
central variables with associated variables present in several administrative sources, as is 
the case of the different tax returns, the information will be uploaded from all donor 
sources. After performing validity checks on the associated value, a principal associated 
value is defined with an order of priority. For tax sources, this order is 1) Corporate 
Income Tax (IS); 2) VAT ; 3) Personal Income Tax (PIT). 
 
Some of the variables present in the administrative source do not correspond to any single 
variable in the questionnaire, but they can be associated to variables that can be obtained 
as a combination of several of them. We call these combinations composite central  
variables.  
When it comes to non central variables (with no primary or composite associated 
variable) we distinguish: 



i) non-central variables for direct estimation. These variables do not have associated 
variables in external sources and are estimated using combined estimators of change that 
use as ancillary information its observed value in t-1, and the estimation of the central 
variables ('explanatory') in t for the same unit as well as structures of a nearest neighbour 
observed in the sample N in t (see general estimator below). 
ii) Non-central variables for indirect imputation, based on central and non-central 
variables with direct imputation. And  
iii) Non-central variables for identical imputation. These variables repeat the data in t-1 
due to their structural stability. 

 
 
4. Integration of associated variables and matching quality checks  

The INE file for loading administrative variables for UFAES simulation (SIMFAES)  
was  built by integrating the theoretical samples t and t-1 referring to the years 2009 and 
2008 surveys. The microdata include the basic identifiers of each business  unit common 
to those available in the administrative source as well as other identifiers in use internally 
for survey processing. 

 Coverage checks are initially performed at aggregate level in order to detect the 
frequencies with which  the sample units appear in the different sources used. This allows 
us to confirm that the matching success levels for the various sources meet the coverage 
requirements theoretically expected by UFAES preliminary studies. A second type of 
coverage check is performed for each central variable at a much more detailed level by 
controlling the frequency of their presence in the three sources (IS, VAT and PIT), in 
both years. The results were analysed to asses the contribution of each donor source and 
the quality of the matching within strata in relation to the project expectations.  

 Control indicators were massively produced through tables showing distance measures  
of mean values within strata of the principal associated variables a in the reference  year 
t for sample units S(t-1) versus  the mean of the central variable x referenced in the year 
t-1 for sample units S(t-1), and similarly for the rest of the combinations of reference 
periods of the tax files and survey data. The means of the central variable or its principal 
associated variable within the stratum are understood to be calculated by correcting 
weights for non response  (missing in the associated variable ). Subsequently, for each  
central variable, the quartiles of the distributions within the  stratum of the ratio of the 
central variable in respect of  its principal associated variable in t; t-1 were also 
analysed. 
Besides detecting suspicious matching results for variables within strata these controls 
can also be used to fine-tune decision-making on the design of validity checks on a 
particular associated variable value just before the imputation of its central variable. 
Once the received files with integrated administrative and statistical variables are 
approved  in respect of the matching output at the aggregate level , it is possible to link 
the associated variables of each survey unit with the data on the corresponding central 
variables.  Then a validity check on the principal (when more than one is available)  
associated variable is performed in a similar way to an outliers control. In cases when 
the associated administrative value was found invalid, a nearest neighbour (NN)  search  



is implemented on the set  S(t-1), to impute to the non-associated central variable the  
change in the valid associated values of the donor variable. The nearest neighbour 
capture is performed on the  sample in t-1, for which all questionnaire variables exist. A 
selection is made to form the search vector with the main structural variables of the 
enterprise in t-1. NN search dominium  is restricted by stratum and legal form (natural 
person and others), given the varying availability of associated variables in each case. A 
maximum number of recipients is set for each donor. 

 
 
5. Estimation of change in variables of the additional subsample M'(t) 

We estimate first the central variables with a valid associated variable. Subsequently  the 
elementary central variables with valid composite variables, the non-central variables 
with direct estimation and the non-central variables with indirect estimation are 
estimated. The estimation of the central variables  is carried out by using an estimator of 
the change in the validated tax associated variable (ASOC) : 
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a: administrative source associated values, valid ; x: values of statistical central variable 
in t; t-1 
 
For all other variables, the estimators are of the structure-preserving type, combining a 
nearest neighbour component and the observed values in t-1 for the same unit. 
Formulation of the general estimator, which have some exceptions described in project 
documentation, follows. Other non-central variables with indirect estimation or identical 
estimation (that maintain the t-1 level or structure % in respect to its explanatory 
variable) are estimated once the main estimation is complete, in the phase immediately 
prior to the integration of the final UFAES M'U N file: 



 

 
 
y: non-central variable or central non-associated variable, real in t-1,  imputed in t. 
x: central variable with valid associated variable, explanatory. 
t-1; t; reference years; h stratum. 
i: survey unit. 
j: nearest neighbour unit. 
0<= a <=1; Value for general case: ½ (other values under evaluation) . 
Distance vector component variables, general :Turnover; Wages; Employment; Total 
Consumption; NN used for investment variables,  includes total investment and excludes 
wages. 
The donor search stratum is constructed as a partial aggregation of design strata to obtain 
a sufficient number of donors. 
Here, the definition of nearest neighbour is different to the one used to impute the change 
in the associates, referred to formerly, since the search in this case is performed in t, i.e. 
the variables must be central with an associated variable. In parallel to the first 
implementation of UFAES, research will continue into the potential of estimators assisted 
by multivariate regression models using central variables with valid associated variables 
as explanatory .Given the need to implement UFAES as soon as possible, due to the 
significant savings in the fieldwork budgets of the INE for 2013 (with reference to 2012), 
it was considered necessary to postpone the diagnosis on the eventual introduction of 
estimators with these techniques in subsequent UFAES cycles. 
 
 
6. Iteration of artificial samples. 
 
The work for the SIMFAES sub-project, including all preparatory work, was performed 
part-time by the UFAES project team over a year along 2011 and 2012. 
Selection of samples N(t): The overall sample of the EAS-09 totalled approximately 
139,000 units  (aprox. 9% global sample rate ) . Sample sizes were calculated to obtain 
accurate national level estimations, resulting in an overall theoretical size of 
approximately 79,000 units. Then four subsamples were selected at random that were 
cross-referenced with the overall effective sample producing effective subsamples of 
variable sizes: 59,502, 59,549, 59,528 and 59,502. On average, the size of these 
subsamples is roughly that expected in the real world, i.e. a mean reduction of -35.9% of 
the theoretical EAS sample. UFAES will be implemented in its first year (2013, referring 
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to 2012) on a subpopulation of approximately half the frame of the whole services sector 
(i.e. EAS activities excluding trade and transport , NACE div: 45 to 53) to allow for the 
rotating effect needed in UFAES biennial design. Hence, the expected direct and indirect 
net real-world savings in the first year of implementation are estimated at €900,000, 
approximately –25% of the EAS budget of the previous year (before UFAES). 
M'(t) samples:  Four subsamples M'(t) of around 39,000 units each (size needed to cope 
with the whole set of current EAS objectives) were extracted as follows: The sizes of the 
additional sample M (08) were allocated to strata, with an approximate increase of 15% 
to take into account subsequent updating for frame unit deaths .  
From the theoretical sample of EAS-08, four subsamples M(08) were selected, with 
negative coordination with each subsample N(09). These were then cross-referenced with 
the effective sample S(08) and subsequently updated with the frame in 09, eliminating 
unit deaths, to obtain the four final subsamples M'(09) of sizes 39,075, 39,021, 39,133 
and 39,084 enterprises. Sample files contain the information inputs needed for calculating 
the weights to be applied in estimators  both for the MUN sample and for N alone 
(necessary for estimators that use the change in the means between periods).Units >20 
employees in sample M, included in SIMFAES on experimental basis only, given their 
observed impact on certain SIMFAES evaluation indicators and their small numbers, will 
not be included in the real UFAES subsamples M which will be thus restricted to units 
<20 employees only . 
 
 
7. Evaluation 
 
 The evaluation  was conducted in two phases: 
i) An assessment based on a set of Montecarlo indicators of bias and MSE in respect of 
the target real value (EAS 09), calculated by using the four simulated samples, for a 
subset of central variables, determinants of the enterprise accounts structure: 
 
X: central variable 
B: indicators of bias. 
EMC: indicators of Mean Squared Error. 
M U N: integrated SIMFAES samples; 4 replications. 
N: subsample observed on the field in t; 4 replications; id. 
M: UFAES supplementary  subsample; 4 replications; 
EAS09; EAS08; EAS10: estimated values of the real world EAS survey. 
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And ii) A  detailed analysis on an extended set of variables, in particular those needed to 
meet the requirements of SBS EU Regulation, performed on the simulated final files  
integrated with all survey variables as currently produced by EAS annual procedures. The 
outputs of this analysis may be iterated after the detection and correction, where 
applicable, of outliers impact on the subsample M’ (this effect is considered neutralised 
in the subsample N by the usual editing processing to produce EAS final files). This 
detailed analysis was performed for parsimony purposes with a single simulated sample 
only, so other indicators rather than Monte Carlo statistics were used with the four 
simulated samples, as described below. 

 
 

8. Comments on the results 

Generally speaking, NACE classes with higher biases normally remain within the interval 
defined by the MSE of the sample N (actual sample without UFAES estimated 
component). The exceptions detected to date relate to the presence of a very influential 
observation or because they appear in classes and/or NUT II regions with very small 
sample sizes for which the Montecarlo MSE of N obtained in SIMFAES is presumably 
not a very efficient estimation. For the purpose of detecting whether an increase in the 
size of the subsample M in % has any effect on the SIMFAES estimated errors the 
relation bias vs.  MSE of the sample N and the weight M% in MUN within each 
subpopulation, was analysed. 

Again, the deviations observed do not seem to depend on the weight of M in the sample 
MUN within the NACE class concerned, which confirms the importance of the impact on 



SIMFAES bias of the Montecarlo MSE of the sample N,  which is  free from UFAES 
effects. 

 
 

9. Some conclusions  

The UFAES procedure is ready for use in EAS 2012 (fieldwork in 2013), since all the 
necessary developments are complete. 

Further research is needed into stochastic estimators with lower deterministic components 
than those used in SIMFAES09, namely those offering multivariate methods of 
imputation (such as IVEware, of the University of Michigan) used in the INE Living 
Conditions Survey, although implementation difficulties are expected with this type of 
model in a scenario of complex variables relating to the accounting structure of 
enterprises. The performance of simulation tests is also recommended with the Annual 
Business Survey on the Manufacturing Sectors for its possible incorporation into UFAES 
techniques. It is nonetheless to be expected that the sample reduction obtained with this 
operation will not be of the size applicable to the EAS. 
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Abstract  

 

Statistical offices produce large amounts of statistics. Often these are stored in online 
output databases so that they can be used by society. Policy makers, journalists and other 
influential users of official statistics often cannot find the figures they need in a usable 
form and detect the interesting patterns in the data. StatMine is a research project of 
Statistics Netherlands that investigates three aspects that may improve the usage and 
usability of the statistical output. Interactive data visualisation may show important 
unexpected data patterns and open up new questions for further investigation. Second, 
letting users combine fragments of different statistical tables may cater quantitative 
questions that policymakers have and can also help during visualisation by e.g. 
normalising the figures of interest, or correlating with the figures of interest. Third, 
showing statistical uncertainty in the statistical figures can help in drawing valid 
conclusions from the data. The StatMine project tests each of these three different aspects 
on users using a software prototype.  We describe the StatMine project, prototypes and 
test results. 
 
Keywords: analysis, visualization, statistics 
 
 
1. Introduction 

 
Statistics Netherlands has the directive for more than 10 years that all published data 
should be available online in its StatLine database (http://statline.cbs.nl). A ‘raison d’être’ 
for official statistics is the production of relevant statistics that can be used to analyse and 
develop policy for (parts of) society. For example, GDP, inflation, population growth, 
and unemployment are all very important indicators for policy makers. Current StatLine 
contains hundreds of millions of statistical facts on Dutch society. It is a numerical 
description of important economic and social aspects of the Netherlands. User inquiries 
and reports from our dissemination department indicate that StatLine is under-utilized by 
many users including policy makers and journalists. 
 
We see two important goals of statistical output databases such as StatLine. The first goal 
is downloadable statistics, which is in line with the current open data movement. All 
produced statistics should be publicly available and downloadable, for further use and 
research. The second equally important goal is to provide insight and (statistical and 
chronological) context. StatLine should show population distributions, trends, 



correlations, uncertainty of SN data and if possible parameters of statistical models used 
to produce the data.   
 
We start with a section that describes in short the StatMine project and its working 
procedure.  In the following section we give a description of the StatMine prototypes and 
their user tests. We end with conclusions and suggestions for further investigation. 
 
2. StatMine project 
 
In January 2012 Statistics Netherlands (SN) conducted over 40 interviews among internal 
data analysts, external policymakers of several ministries and data journalists on their use 
of StatLine. Moreover we did a user study with an external health care researcher. We 
identified the problems he encountered trying to combine medicine usage per age group 
and gender with population prognosis, which are both available in our output database. 
The interviews and user study indicated (amongst other things) that users find it hard to 
“spot” data patterns, that they want to combine figures from different statistical tables and 
that many users are interested in accuracy and uncertainty. 
 
StatMine is a research project of Statistics Netherlands that tries to address these 
problems. It investigates three aspects that may improve the usage and usability of the 
statistical output. First, interactive data visualisation can show important unexpected data 
patterns and open up new questions for further investigation. Second, letting users 
combine fragments of different statistical tables may cater quantitative questions that 
policymakers have and can also help during visualisation by e.g. normalising the figures 
of interest, or correlating with the figures of interest. Third, showing statistical 
uncertainty in the statistical figures can help in drawing valid conclusions from the data. 
Uncertainty is currently rarely shown in statistical tables because it increases the 
complexity of the tables (the number of figures in the table double or triple depending 
how it is registered) and it may be difficult to interpret. Visual display of uncertainty may 
alleviate these problems.   
 
The procedure the StatMine project follows is:  

- Formulate the improvement 
- Implement the improvement in an interactive software prototype 
- Test the prototype on users 
- Evaluate the test results and prototype 

 
Each StatMine prototype is implemented as an interactive web application. Most source 
code in written in javascript using freely available libraries such as the state-of-the-art 
library d3.js (2012).  Graphics in StatMine are rendered using SVG, making it compatible 
for all modern browsers including those on tablets.  
 
The web server part of the prototype has been kept simple and implemented in R (R Core 
Team (2012)),  
 
3. StatMine 0.1 



In 2012 Q2 prototype StatMine 0.1 was implemented and tested.  StatMine 0.1 focused 
on interactive visualisation of StatLine data, to help users to get a better grasp of the data. 
 
StatMine 0.1 restricted itself to four types of charts: 

- Line charts to inspect the development of an numerical variable 
- Scatter (bubble) charts to show possible correlation of two numerical variables 
- Bar charts to compare the values of a numerical variable conditioned on a 

categorical variable 
- Mosaic charts to show the relative frequency and structure in the data. 

 
Each chart type has several axes that influence the resulting graph. The user can drag 
variables of a StatLine table to an axis and the chart will be adjusted instantaneously.  
The prototype is highly interactive: chart elements react when the user moves it mouse 
over them.  
 
StatMine 0.1 also allows the user to make interactive small multiples (Tufte 1983).  
 

 
Figure 1: Diabetes per age group and gender, using small multiples 

 
Small multiples allow a user to split a plot into a row or column of smaller plots 
conditioned on a categorical variable. Figure 1 shows an example of where the line chart 
is split into age-groups and gender.  Surprisingly small multiples are rarely found in most 
commercial visualization software.  
 



3.1 Test results 
 
The prototype was tested with internal data analysts (25) with 4 StatLine tables that were 
known to be “difficult” to interpret. One of the data tables is shown in figure 2. It shows 
the labour participation rate per age for different generations and gender. This chart 
shows the most important features of this data set in one chart. Each data analyst tested a 
table which they had produced themselves, but also a table which was unknown to him.  
 

 
Figure 2: StatMine 0.1 visualisation of labor participation rate 

 
Test users were without exception enthusiastic about the interactive visualisation 
features. They had many suggestions for further improvement. Users especially liked the 
small multiples, because it makes it easy to compare different subpopulations in a glance. 
 
Some data analyst where surprised about the structure and data patterns in their own 
statistics. The reported that the tool made them look differently at their own data. The 
prototype proved to be intuitive and user found quickly their way in for them unknown 
tables.  All data analyst indicated that the tool was very helpful for checking statistics 
before publication and expressed that it should become available as such. 
 
4. StatMine 0.2 
 
Almost always topics of interest for policy makers are scattered across multiple multi-
dimensional tables. For example, a health care policymaker interested in diabetes has to 
collect, compare and confront tables on mortality, hospital admissions, doctor visits and 
medicine intake which are all from different surveys and registrations. 
  
Combining tables is often a tedious and time-consuming job.  StatMine 0.2, which was 
implemented in 2012 Q4, allows users to combine different statistical tables. 



 
Figure 3: Combine "victim" and "crime" data 

 
Figure 3 shows StatMine 0.2, where a user combines victim and crime statistics, which 
are from different statistical tables. The StatMine tools by default connects variables and 
categories with equal names. The user can override this by unconnecting any pair of 
variables and categories and connect different pairs by selecting or dragging them. 
 
Combining tables fills an external user need, but is not without danger. As all official 
statisticians know, there can be many subtle differences between classifications and 
definitions of statistical variables so that the a resulting combined table may be non-
sense.  However we argue that in many cases policymakers and journalists want “softer” 
indications, for example the combined prevalence of diabetes and obesitas in the 
population although the underlying microdata is not available (and the two might be 
uncorrelated at microlevel). Combining tables should therefore be the responsibility of 
the user and not of the statistical institute. The StatMine prototype currently has no 
indication that the combination is their responsibility. During tests policymakers 
indicated that they are currently combining tables anyway, only in a much elaborate way.  
 
4.1 Test results 
 
In constrast with version 0.1 StatMine 0.2 was test on internal data-analyst (20) and 40 
external policymakers and journalists.  All external users were enthousiast, they found it 
a modernisation of our output. 



External and internal users indicated that combining tables was a very helpful feature. 
Internal users however often asked whether users should be allowed to combine anything. 
 
A side effect of StatMine 0.2 was that external policymakers and journalists were very 
pleased that they were asked to participate in the improvement of SN products.  
 
5. StatMine 0.3 
An essential part of making and publishing of statistics is supplying (an indication 
Of) the uncertainty in the figures. Most data in StatLine contains little to no 
information on the accuracy of our data. A quick scan shows that only 5% of 
StatLine tables publish an explicit confidence margin for each (point) estimate. For many 
topics it may be difficult to estimate the uncertainty, for example because of 
(unknown) measurement errors, but as a statistical agency we should strive to give 
an indication of the quality of our figures. 
 
In fact European Statistics Code of Practice requires that sampling and non- 
sampling errors should be measured and systematically documented (indicator 12.2). 
We argue that they also should be published, if there are no other restrictions: as 
statisticians we know that for a correct interpretation of numbers the uncertainty is 
needed. An important part of publishing uncertainty is its presentation. StatMine 0.3 will 
experiment with different presentation forms of uncertainty and investigate how 
(the presentation of) uncertainty is perceived by users.  
 
That NSI publish statistical data is reflected in the figure 1, where diabetes prevalence 
per age group is plotted. The line chart for older age group 75+ is very “wobbly”. In 
reality the diabetes percentage won’t fluctuate that much, but this is what StatLine 
reports. Note that policymaker use these estimates, so ideally they should be made aware 
of the confidence interval. 
 
Publishing uncertainty and especially publishing interval estimates offers some 
interesting possibilities for statistical disclosure control as some new statistical 
disclosure methods smear out uncertainty over multiple cells, resulting in interval 
estimates for each cell. With a good presentation method for uncertain data, these 
disclosure methods could be used more often resulting in less hidden cells. 
 
StatMine 0.3, which will be implemented and tested in 2013 Q2, will address many of 
these issues. 
 

Conclusions 
Results of StatMine indicate that interactive visualisation of statistical output helps to 
understand its important patterns and structure. This is even true for analyst who 
produced their data. Policy makers and journalist are enthusiastic on the current features 
of StatMine and find it a modern approach to using official statistics. 
Combining tables fills a need, but needs further investigation: options run from restricting  
what tables can be combined to letting users do anything they want to. 



The reception of the prototypes was very good, so plans are made to put several parts of 
StatMine into production.   
It is important to realise that NSI make statistics and our estimates have confidence 
intervals. StatMine 0.3 will investigate how to make users aware of this issue. 
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Abstract  
 
ReGenesees is a new system for design-based and model-assisted analysis of complex 
sample surveys, based on R. As compared to traditional estimation platforms, 
ReGenesees achieves a dramatic reduction in user workload for both the calibration and 
the variance estimation tasks. Moreover, it can handle arbitrary Complex Estimators, 
provided they can be expressed as differentiable functions of Horvitz-Thompson or 
Calibration estimators of totals. All such innovative features leverage a peculiar strong 
point of the R programming language, that is its ability to process symbolic information. 
 
 
Keywords: Complex estimators, symbolic computation, automated linearization. 
 
 
1. What is ReGenesees 
 
ReGenesees (R Evolved Generalized Software for Sampling Estimates and Errors in 
Surveys) is a full-fledged R software for design-based and model-assisted analysis of 
complex sample surveys. This system is the outcome of a long-term research and 
development project, aimed at defining a new standard for calibration, estimation and 
sampling errors assessment to be adopted in all Istat large-scale sample surveys. 
The first public release of ReGenesees for general availability dates back to December 
2011. The system is distributed as Open Source Software, under the EUPL license. It can 
be freely downloaded from Istat website1, as well as from JOINUP2 (the collaborative 
platform for interoperability of the European Commission). 
Till the advent of ReGenesees, the estimation phase for sample surveys was handled in 
Istat by a SAS application named GENESEES. The name of the new R-based system has 
been deliberately chosen to emphasize Istat’s seamless offer of software tools dedicated 
to that phase, while highlighting – at the same time – its evolution end enhancement 
through R. It is worth stressing, anyway, that the ReGenesees system is not the outcome 
of a bare migration towards R of its SAS ancestor, but rather the fruit of a new, 
challenging and completely independent project. 
 
 
                                                 
1 http://www.istat.it/it/strumenti/metodi-e-software/software/regenesees 
2 https://joinup.ec.europa.eu/software/regenesees/description 



2. Motivation of the ReGenesees project 
 
The tasks of calibrating survey weights, computing survey estimates, and assessing their 
precision, constitute a fundamental building block of the production process of official 
statistics. These are very complex tasks, whose correct execution requires a good 
knowledge of the underlying statistical theory, full awareness of the adopted sampling 
plans, and – often – also some insight on the phenomena under investigation. Such skills, 
which rightfully contribute to define the ideal cultural background of a “good official 
statistician”, cannot now (nor probably will in the future) be entirely superseded by a 
software, no matter how sophisticated and powerful it may be. However, most NSIs agree 
in believing that the availability of highly evolved software systems (along with the 
definition of standard protocols for their optimal usage) is essential to ensure the 
accuracy, the safety and the full reproducibility of statistical production processes. 
In the recent past, this strategic vision drove Istat and many other NSIs to invest in 
developing in-house softwares dedicated to the estimation phase (think e.g. of GES from 
Statistics Canada, CLAN from Statistics Sweden, CALMAR and POULPE from INSEE, 
BASCULA from CBS and GENESEES from Istat). Today, the same strategic vision 
(even reinforced by the awareness of the ongoing rapid technological change, with its 
challenges and opportunities) pushes the same NSIs to renew, enrich or even redesign 
from scratch their software systems. ReGenesees is the most recent fruit of the effort 
made by Istat in this direction. 
 
 
3. ReGenesees: a paradigm shift 
 
In the design phase of the ReGenesees project, it emerged quite soon that it would have 
been possible to meet the expectations described in Section 2 only trough a radical 
paradigm shift. As a consequence, ReGenesees turns out to be rather different from its 
SAS ancestor GENESEES (and, by the way, from most of other existing estimation tools) 
from both the application logic and the user experience standpoints. Indeed, besides 
allowing to compute estimates and sampling errors for a much wider range of estimators, 
ReGenesees ensures an easier and safer usage and a dramatic reduction in user workload. 
In a nutshell (see Sections 3.1 and 3.2 for more on points (1) and (2) below): 
 
(1) User interaction with the new system takes place at a very high level of abstraction. 

ReGenesees users, indeed, do not need anymore to preprocess the survey data 
relying on ad-hoc programs; instead, they only have to feed the software with (i) the 
data as they are, plus (ii) symbolic metadata that describe the adopted sampling 
design and calibration model3. At that point, it is up to the system itself to transform, 
in an automatic and transparent way, the survey data into the complex data structures 
required to solve the calibration problem and to compute estimates and errors. 

 

                                                 
3 For ‘calibration model’ we mean the assisting linear regression model underlying a specific calibration 
problem.  



(2) Besides Totals, and Absolute Frequency Distributions (estimators that were already 
covered by GENESEES), ReGenesees allows to compute estimates and sampling 
errors with respect to Means, Ratios, Multiple Regression Coefficients, Quantiles, 
and, more generally, with respect to any Complex Estimator, provided it can be 
expressed as a differentiable function of Horvitz-Thompson or Calibration 
Estimators. It is worth stressing that such Complex Estimators can be defined in a 
completely free fashion: the user only needs to provide the system with the symbolic 
expression of the estimator as a mathematical function. ReGenesees, indeed, is able 
to automatically linearize such Complex Estimators, so that the estimation of their 
variance comes at no cost at all to the user. 

 
Existing estimation softwares (Istat traditional SAS system being no exception) generally 
did not give any support to the users in preparing auxiliary variables and population totals 
for calibration, nor in deriving the Taylor expansion of non-linear estimators and in 
computing the corresponding linearized variable for variance estimation purposes. As a 
consequence, ad-hoc (often very complex) programs for data preparation, transformation 
and validity check were developed and maintained outside the scope of the estimation 
system: a time-consuming and error-prone practice. ReGenesees frees its users from such 
needs, with an evident gain in terms of workload reduction, better usability and increased 
robustness against possible errors. 
Interestingly, both the innovative ReGenesees features sketched above leverage a peculiar 
strong point of the R programming language, that is its ability to process symbolic 
information. As a matter of fact, developing the same functionalities in SAS would have 
been simply impossible: a striking example of what we meant, in Section 2, by 
‘opportunities of the technological change’. 
A technological shift, on the other hand, always involves challenges and some price to 
pay. The most threatening challenge faced by the ReGenesees project has been to 
demonstrate that an R-based system would have been actually able to manage efficiently 
the huge amounts of data involved in processing Istat large-scale surveys. 
A lot of effort has been invested during the whole development cycle of the new system 
to meet this challenge. Today, thanks to the empirical evidence and to the reproducible 
results accumulated during an extensive and thorough testing campaign, we are certain 
that the challenge has been definitely overcome. Indeed, since its beta release, 
ReGenesees has been successfully tested on both the Labour Force Survey and the Small 
and Medium Enterprises Survey. When the tasks of calibration and computation of 
estimates and errors are concerned, these two surveys constitute (each one in its own 
domain) the most severe test bed available in Istat. Moreover, ReGenesees underwent 
also an independent validation, carried out by colleagues from the UK statistical institute 
(ONS). A first comparative study, performed on their Life Opportunities Survey, 
measured ReGenesees effectiveness and efficiency using Statistics Canada’s GES as a 
benchmark. The outcome was that ReGenesees replicated exactly the results achieved by 
GES, while ensuring a significant increase in efficiency (in their testing environment, 
execution times turned out to be halved, on average). This result, in turn, triggered a 
second ONS initiative: ReGenesees was used to calibrate three important surveys4 for the 

                                                 
4 Scottish Household Survey, Scottish Health Survey and Scottish Crime and Justice Survey: calibration 
and estimation for these surveys is currently contracted to three separate external companies. 



Scottish Government. Again the results were very satisfactory, and the ONS 
Methodology Advisory Service suggested ReGenesees as a possible “calibration engine” 
to be adopted in the novel centralised weighting5 framework designed for the Scottish 
Government. 
 
 
3.1. Leveraging symbolic information: the Calibration side 
 
Real-world calibration tasks in the field of Official Statistics can simultaneously involve 
several hundreds of auxiliary variables. Moreover, the construction of such auxiliary 
variables is in general highly nontrivial, as they need to be carefully derived from the 
original survey variables according to the (possibly very complex) adopted calibration 
models. With respect to such operations, traditional calibration facilities (as those listed 
in Section 2, mostly based on SAS) did not give any practical support to the users, instead 
devoting dozens of user manual’s pages to describe the standard data structures they 
expected as input. As a consequence, users had to develop customized programs 
(typically SAS scripts) in order to generate the right input data to feed the calibration 
system, with ‘right’ meaning here: (i) appropriate to the survey data and to the calibration 
task at hand, and (ii) compliant with all the documented rules imposed by the system. 
On the contrary, users interact with the ReGenesees system at very high level of 
abstraction, as they only need to specify the calibration model in symbolic way, via R 
model-formulae6: driven by this symbolic information, the system is, indeed, able to 
transparently generate the right values and formats for the auxiliary variables at the 
sample level. In addition, ReGenesees assists also in defining and calculating the 
population totals corresponding to the generated auxiliary variables. Indeed, driven again 
by the calibration model-formula, the system provides the user with a template dataset 
appropriate to store the requested totals. Whenever the actual population totals are 
available to the user as such, that is in the form of already computed aggregated values 
(this case typically occurs for household surveys, due to their multistage design), the user 
has only to fill-in the template. An even bigger benefit is achieved when the sampling 
frame of the survey is available as a single database table and the actual population totals 
can be calculated from this source (this is the case of all Istat structural business surveys, 
whose samples are drawn from ASIA7). In such cases, indeed, ReGenesees is able to 
automatically compute the totals of the auxiliary variables from the sampling frame, and 
to safely arrange and format these values so that they can be directly used for calibration. 
The considerations sketched above can be summarized in the following example: 

 
sbsdes<-e.svydesign(data=sbs, ids=~id, 
        strata=~strata, weights=~weight, fpc=~fpc) 

1. Persistently bind survey data (sbs) 
to sampling design metadata; 

 

                                                 
5 The Scottish Government Centralised Weighting Project aims at developing in house a common 
framework for calibrating all scottish large-scale population surveys. 
6 These are R objects of class formula. Thanks to the flexible syntax of this class and to the powerful 
semantics of its methods, such objects can be used to specify, in a compact symbolic form, a wide range of 
statistical models. 
7 The Istat archive of about 4.5 million Italian active enterprises. 



pop<-pop.template(data=sbsdes, 
     calmodel=~((emp.num+ent):(nace2+emp.cl:nace.macro)):region-1) 

2. Build a population 
totals template; 

 
pop<-fill.template(universe=sbs.frame, template=pop) 3. Compute the requested totals 

from the universe (sbs.frame) and 
safely fill the template; 

 
sbscal<-e.calibrate(design=sbsdes, df.population=pop, 
        calfun="linear", bounds=c(0.01,3)) 

4. Perform the calibration task; 

 
The calmodel formula in code fragment 2 symbolically specifies a complex calibration 
problem, with calibration constraints imposed (simultaneously) on the total number of 
employees (emp.num) and enterprises (ent) inside domains obtained by (i) crossing 
nace2 and region, and (ii) crossing emp.cl, nace.macro and region. Given the nature 
of the sbs8 dataset, such a calibration model translates into 462 different auxiliary 
variables, whose population totals are transparently computed and arranged in code 
fragment 3. Code fragment 4, first automatically generates the model matrix storing the 
values of the 462 auxiliary variables for the whole sample, then computes the desired 
calibrated weights. In conclusion, fragments 1-4 show that we passed to ReGenesees only 
the data as they were plus symbolic metadata, without any need of working out the 463 
auxiliary variables, nor their population totals. 
 
 
3.2. Leveraging symbolic information: the Linearization Variance side 
 
The Taylor linearization method is a well-established, approximate tool (Wolter 1985) for 
estimating the variance of Complex Estimators, namely estimators that can be expressed 
as non-linear (but smooth) functions of Horvitz-Thompson (HT) estimators of totals: 
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Equation (5) summarizes the “golden rule” of the method. Estimating the variance of the 
linear approximation of the original Complex Estimator (2) boils down to the much 
simpler problem of estimating the variance of the HT total of a single artificial variable 
ẑ : the so called linearized variable (Woodruff 1971) of the Complex Estimator (4). 

                                                 
8 sbs and sbs.frame are artificial test datasets provided by the ReGenesees package (see Section 5): they 
represent, respectively, a sample of enterprises and the sampling frame from which the latter has been 
selected. 



The extension to smooth functions of calibration estimators (Särndal 2007) of totals is 
straightforward (Deville 1999). The “golden rule” (5) still applies, the only relevant 
change being a different expression for the linearized variable: 
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namely: the value of the original variable jky  has been replaced by the product of the 
g-weight kkk dwg /=  with the estimated residual of that variable under the calibration 
model jkjkjk ye βx ˆˆ ⋅−= . 
While the mathematical framework outlined by equations (1)-(7) is clear, its software 
implementation involves some subtle and tricky technical points. For instance, domain 
estimation of standard errors tends to became cumbersome, especially for complicated 
functions of calibration estimators. When a partitioned calibration is performed (this is 
by far the computationally most efficient choice for factorizable calibration models) the 
interplay between estimation domains and calibration model reference groups has to be 
carefully taken into account, as discussed in Estevao, Hidiroglou, and Särndal (1995). 
From a software development standpoint, the linearization approach to variance 
estimation has a fundamental drawback: the Taylor series expansion of a non-linear 
estimator does depend on its functional form f. Therefore, being traditional computing 
environments (e.g. SAS) unable to perform symbolic differentiation, different programs 
have to be developed separately for each non-linear statistic f. As a direct consequence, 
traditional systems like those listed in Section 2 suffer two main limits: (i) they support 
only a quite limited set of non-linear estimators (typically ratios of totals9) and (ii) they 
cannot allow their users to define their own Complex Estimators, i.e. statistics which are 
not built-in. Whenever users of such systems need non-built-in estimators, they have to 
develop ad-hoc programs to compute the appropriate linearized variables on their own. 
ReGenesees overcomes both limits, again leveraging R’s ability to process symbolic 
information. First, we devised a simple syntax10 for specifying arbitrary Complex 
Estimators through their functional form, and enabled it by exploiting R methods for 
manipulating expression objects. Then, we used advanced R facilities for calculating 
symbolic derivatives to develop a sort of “universal” linearization program. Once 
equipped with it, we were in the position of adding to the system new non-linear 
estimators almost for free (see Section 4 for a list). Lastly, we engineered our “universal” 
linearization program, making it friendly and fully visible to the users. The resulting 
function, named svystatL, handles arbitrary user-defined Complex Estimators, as we 
show below for the geometric mean11 of emp.num on the same data used in Section 3.1: 

                                                 
9 Statistics Sweden’s system CLAN is more versatile: it can handle arbitrary rational functions of totals 
(Andersson and Nordberg 1994). At the other extreme, Istat traditional system GENESEES did not support 
any non-linear estimator. 
10 The functional form of a complex estimator is specified by an expression. Inside it, the estimator of the 
total of a variable is simply represented by the name of the variable itself. To represent the estimator of the 
mean of a variable y, expression y/ones has to be used (ones being the convenience name of an artificial 
variable whose value is 1 for each sampling unit, so that its total estimator estimates the population size). 
11 Recall that the the geometric mean of a non negative variable, say y, can be expressed as 
exp(mean(log(y))). 



sbsdes<-des.addvars(sbsdes, log.emp.num=log(emp.num)) 1. Add a new computed 
variable to the survey data; 

 
g<-svystatL(sbsdes, expression(exp(log.emp.num/ones))) 2. Estimate the geometric mean 

and its standard error; 

 
print(g) 
                           Complex             SE 
exp(log.emp.num/ones)     20.51558     0.06077714 

 

3. Print on screen the obtained 
results; 

 
Code fragments 1-3 above show that ReGenesees was able to estimate the variance of a 
user-defined Complex Estimator in a completely automated manner, overcoming any 
need of developing ad-hoc programs. 
 
 
4. ReGenesees statistical methods in a nutshell 
 
From a statistical point of view, the ReGenesees system is very rich and flexible, as it can 
handle a wide range of sampling designs, calibration models and estimators. A list of the 
most important methods it implements is reported below: 

• Complex Sampling Designs 
o Multistage, stratified, clustered, sampling designs 
o Unequally weighted sampling, with or without replacement 
o “Mixed” sampling designs (i.e. with both self-representing and non-self-representing 

strata) 

• Calibration 
o Global and partitioned (for factorizable calibration models) 
o Unit-level and cluster-level adjustment 
o Homoscedastic and heteroscedastic models 

• Basic Estimators 
o Horvitz-Thompson 
o Calibration Estimators 

• Variance Estimation 
o Multistage formulation (via Bellhouse recursive algorithm) 
o Ultimate Cluster approximation 
o Collapse strata technique for handling lonely PSUs 
o Taylor-linearization for non-linear “smooth” estimators 

• Estimates and Sampling Errors (standard errors, variance, coefficient of variation, 
confidence interval, design effect) for: 

o Totals 
o Means 
o Absolute and relative frequency distributions (marginal, conditional and joint) 
o Ratios between totals 
o Multiple regression coefficients 
o Quantiles (variance estimation via the Woodruff method) 



• Estimates and Sampling Errors for Complex Estimators 
o Handles arbitrary differentiable functions of Horvitz-Thompson or Calibration estimators 
o Complex Estimators can be freely defined by the user 
o Automated Taylor-linearization 
o Design covariance and correlation between Complex Estimators 

• Estimates and Sampling Errors for Subpopulations (Domains) 
 
It is worth stressing that only a quite limited subset of the statistical methods covered by 
ReGenesees was already available inside its SAS ancestor GENESEES. For instance, the 
only estimators provided were Totals and Absolute Frequencies, and variance estimation 
in multistage designs could be tackled only under the Ultimate Cluster approximation. 
 
 
5. ReGenesees software architecture: a quick overview 
 
The ReGenesees system has a clear-cut two-layer architecture. The application layer of 
the system is embedded into an R package named itself ReGenesees. A second R 
package, called ReGenesees.GUI, implements the presentation layer of the system 
(namely a Tcl/Tk GUI, see Figure 1 for sample screenshots). Both packages can be run 
under Windows as well as under Mac and most of the Unix-like operating systems. 

 

Figure 1: A selection of ReGenesees GUI screenshots 



While the ReGenesees.GUI package requires the ReGenesees package, the latter can be 
used also without the GUI on its top. This means that the statistical functions of the 
system will always be accessible by users interacting with R trough the traditional 
command-line interface (as for code fragments in Section 3.1). On the contrary, less 
experienced R users will take advantage from the user-friendly mouse-click graphical 
interface. 
It is worth mentioning that, especially in terms of software design principles, the 
ReGenesees package owes a lot to the beautiful, rich and still growing survey package 
written by Thomas Lumley (Lumley 2004). Retrospectively, the original seeds of the 
ReGenesees project can be tracked back to late 2006, when we were trying to optimize 
survey in order to enable its critical functions to successfully process Istat’s large-scale 
surveys. Quite soon, this attempt required us to rethink globally the technical 
implementation of the package, i.e. its internal structure at a deeper level. Over time, this 
line of work coagulated into an R package in its own right, with a lot of advanced and 
useful new features that were not covered by survey. 
 
 
6. Migrating Istat procedures towards ReGenesees 
 
As already said, the first public release of the ReGenesees system is quite recent 
(December 2011). Anyway, the software began to spread in Istat since late 2010, during 
its beta-testing cycle. Indeed – to date – it has already been used successfully in 
production by eight Istat large-scale surveys. These include five structural business 
surveys carried out in compliance with Eurostat regulations: (i) Community Innovation 
Survey, (ii) Labour Cost Survey, (iii) Access to Finance, (iv) Information and 
Communication Technology, (v) Continuing Vocational Training Survey, plus three 
surveys in the social demographic domain: (vi) Time Use, (vii) Employment Perspectives 
of Young Graduates, (vii) Post Enumeration Survey of the Agricultural Census. 
For all the surveys mentioned above, the migration of the standard calibration and 
estimation procedures from SAS towards ReGenesees achieved a significant reduction in 
both users workload and execution time. 
 
 
7. Ongoing work and future extensions 
 
Since its beta release, ReGenesees has been steadily gaining ground in Istat: to date, as 
already sketched, it has been successfully integrated in the production workflow of eight 
large-scale surveys. Moreover, other Istat surveys are migrating towards the new system 
right now. Internal training courses dedicated to the new R-based system, whose 
activation is scheduled for this year, will allow an even faster and wider penetration of 
ReGenesees in Istat production processes. 
In the meantime, the ReGenesees project is in full swing and still growing. ReGenesees 
version 1.3, whose public release took place in mid-November 2012, provides facilities 
for computing estimates and errors of multiple regression coefficients, as well as for 
estimating the covariance and correlation of complex estimators (up to previous version 
1.2, such methods were indeed kept “hidden” for validation purposes). Furthermore, 



facilities implementing the Generalized Variance Functions method (Wolter 1985) are 
currently under development. We are also assessing the feasibility of integrating the 
EVER package (Zardetto 2012) with ReGenesees, thus bringing into the new system the 
extended DAGJK technique (Kott 2001) for variance estimation: this would be useful 
whenever the Taylor linearization method can be applied only at the price of crude 
approximations (e.g. for estimators of at-risk-of-poverty rate and other Laeken 
indicators). The aforementioned extensions will be included, very likely together with 
further enrichments, in the next major release of the ReGenesees system. 
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Abstract  
 
Global Positioning System (GPS) devices have advanced rapidly and their costs are 
decreasing. GPS is certainly a promising technology for surveying travel behaviour. It 
demonstrates great potential as a survey instrument for tracking individual mobility and 
travel behaviour, by enabling surveys to be conducted for longer periods and by 
providing more accurate data on the spatial and temporal framework of travel. Besides 
these improvements, the utilisation of new technologies may reduce respondent burden 
and survey cost, which should have significant impacts on data accuracy and quality. 
Moreover, the relatively low burden for the respondent allows substantially extended 
survey duration: at least one week with GPS, compared to one day with conventional 
questionnaires.  
The feasibility of large-scale GPS-based surveys depends (but not solely) on the 
acceptability of such technology to collect data. Based on the French National Travel 
Survey (FNTS) conducted in 2007-08 with a sub-sample of approximately 750 voluntary 
interviewees. 
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1. Introduction 
 
The feasibility of large-scale GPS-based surveys depends (but not solely) on the 
acceptability of such technology. Indeed, in pilots studies on GPS the interviewers have 
generally a large degree of freedom to “choose” those who are willing to cooperate and 
therefore this rate of participation is much higher than in a large random case study. This 
clearly means that we have to pay attention to the weighting procedure of the 
acceptability procedure (is this due to socio-demographics and/or due to the mobility 
behaviour of the interviewees?). 



 
In the French National Travel Survey questionnaire we asked a question to the overall 
sample, on the acceptability of a GPS-based survey (with the following possible answers: 
“Yes, without condition”; “Yes, if it’s possible to turn it off”, “Yes, but with other 
conditions” and “No”). As we have the behaviour (of the same individual) collected in 
the FNTS, we analyse the type of acceptability, is it ignorable or non-ignorable for the 
collection of large-scale GPS-based surveys. We found that, those who are willing to 
participate in a GPS based-survey have a particular profile e.g., GPS survey participation 
is positively correlated with higher education, higher income and therefore higher access 
to cars and greater mobility. The acceptability of a GPS-based survey seems to be the 
same in both countries.  
 
 
2. The French National Travel Survey 2007-08 
 
Once per decade, the Ministry of Transport and the National Institute of Statistics use to 
conducting a National Household Travel Survey with the scientific support of INRETS. It 
is the data source providing the most transverse and consistent overview of mobility, 
whatever the modes and the transport situations of people living in France may be. The 
2007-2008 one has started on May 1st. The aim of these surveys is the description of 
short and long distance trips made by households living in France, as well as their access 
to and use of public and private transport means. Figure 1 gives an overview of FNTS 
2007-2008. The survey is organized around the three following topics: 

• Description of trips;  

• Vehicle ownership and use;  

• Accessibility to public transport. 

 
 
Six survey instruments are used:  
 
1. During the first visit a CAPI questionnaire were designed to collect at household level 

(including household members) the socio-demographic variables, characteristics of 
commuting trips to work, school or kindergarten; driving licenses and car use, traffic 
accidents; season tickets and discounts in public transport; description of vehicles 
available in the household and the housing environment; 

2. A 7-day vehicle diary was assigned to one of the household's vehicles (selected with 
an unequal probability distribution to give more chance for two wheeler motorised 
vehicles to be drawn, which are particularly interesting from the point of view of road 
safety) to be filled out by the vehicle users; 

3. During the second visit, among each household an individual above 6 years old were 
selected with unequal probability distribution (giving more chance to highly mobile 
persons), were asked to describe her/his long distance trips made during the past three 
months (as recalled from memory); 

4. The same person described her/his trips made one weekday before the interview, and 
one weekend day (either Saturday or Sunday); 



5. A sub-sample of approximately 1300 individuals filled out a biographical grid in 
order to describe the transport means used throughout their whole past life; 

6. A sub-sample of approximately 750 volunteers took part in the GPS-based pilot 
survey. 

 
 
Figure 1: Overview of the French National Travel Survey (FNTS 2007-2008). 

 
 

The respondent sample size is about 19,000 responding households (including add-ons 
from 5 regions). Data collection is spread over six waves covering 12 months, in order to 
neutralize the seasonal variations which affect mobility (especially for long distance 
travel). Taking into account the overall length of the interviews (approximately a total of 
115 minutes), the data were collected in two visits. This double date also made it possible 
to distribute the vehicle diary and the GPS receiver (for volunteers) at the first visit, and 
to collect them at the second one. 
 
 
3 Acceptability of the GPS component in the FNTS 
 
In a pilot study on GPS the interviewer have generally a large degree of freedom to 
“choose” those who are willing to cooperate and therefore this rate of participation is 
much higher than in a large random case study. This clearly means that we have to pay 



attention in the weighting procedure to the non-response mechanism (is this due to socio-
demographics or due to the mobility behaviour of the interviewees?). As we will have the 
behaviour (of the same individual) with the FNTS, it should be interesting to analyze the 
type of non-response, ignorable or non-ignorable we gathered in large scale GPS study.  
 
In the FNTS questionnaire we asked a question about the acceptability of the GPS 
component (with the following possible answers: “Yes, without condition”; “Yes, if it’s 
possible to turn it off”, “Yes, but with other condition” and “No”). About two-thirds of 
the population (over 18 years olds) refuse such a survey to collect their mobility. Less 
than 30% would agree to participate in such data collection (see table 1).  
 
To have a better understanding of those who would accept or refuse such a survey, we 
fitted a logit model to show the willingness to participate in a GPS-based travel survey, 
because we had a lot of information about the person who responds to that question. We 
computed a first logit model to see what are the variables that make an individual accept 
or refuse such a survey. We found that: 
 

- Gender, age, type of household, professional categories, zone of residence, the 
wages of the household, motorization and the ownership of a computer seem to 
play a role in the acceptability process of a GPS-based survey.  

- But, the size of the household, state of health, and the transport mode used on the 
diary day (car as a driver, car as passenger, Public Transport, Walk, bicycle) do 
not play a role in the acceptability of a GPS-based survey. 

 
 
Table 1: Acceptability of a GPS-based survey 
Would you accept a survey using GPS to collect 
your mobility? 

% 

      Yes, without condition 29.8 
      Yes, if it’s possible to turn it off 5.1 
      Yes, but with other condition 0.8 
      No 64.3 
French population over 15 year old 100 

- Source: INSEE, INRETS, MEEDDM, Enquête Nationale Transport 2007 
 

 
We computed a model with the variables that play a role in the acceptability process. The 
odds ratios show (table 2): 
 

- Age: younger persons are more enthusiastic to be in a GPS-based travel survey; 
- zone of residence: people living in low density areas are more disposed to be 

involved in such a project; 
- ownership of a computer: individuals living in households with high-tech 

equipment (such as a computer) are more disposed to participate; 
- type of household: those living in a small household are more willing to undertake 

such surveys; 
- motorisation: a higher number of cars is correlated with participation; 



- professional categories: Executives, intellectual professions, and Intermediate 
occupations are those professions ready to be involved in a GPS-based survey; 

- Gender: females are more reluctant to participate in such surveys; 
- The wages of the household: those with high wages are more willing to 

participate. 
 
To estimate the bias we may incur when we use a diary, we computed three analysis of 
variance models for the number of trips per day; daily distance travelled and daily travel 
time. In these models we introduce one dummy variable to indicate those who were 
volunteers in the French pilot. Those who took part in the French GPS pilot receiver 
described: +0.26 trips more; +3.4 km and about +3 minutes more in a day than those who 
did not. From those who participated in the French pilot, we note some better description 
(at least on trips frequency and on daily distance travelled) but these figures are not 
significant. 
 
 

Conclusion 
 
GPS is certainly a promising technology for surveying travel behaviour, because it 
provides much more accurate spatial and temporal data than conventional methods. But, 
it also makes respondent more conscientious to report their trips more accurately.  
However, the comparability with previously collected data is essential for the assessment 
of long-term trends. The 2007 FNTS were designed to prepare for this transition. The 
analysis suggests that households with higher incomes, as well as those having at least 
two cars, would be more likely to accept a GPS survey. Participation in a GPS survey 
would also be more likely for households equipped with a computer or a cell phone. 
Males and, in general, young people would agree to participate in a GPS survey. Farmers 
and artisans, dealers, and business managers would be less willing to collaborate in a 
GPS-based survey. 
Thus, for post-processing these data, more or less sophisticated software packages have 
to be developed, depending on the accuracy needed by the users (e.g., much more spatial 
accuracy for the assessment of advertising by posters than for other users of travel survey 
results).  
 



 
Table 2 Odds ratios of acceptability of a GPS-based survey 

 

Point 

Estimate 

95% Wald 
Pr > ChiSq 

Lower Upper 

Gender 
Male 1.14 1.07 1.23 0.0002 

Female Ref. 
   

Age 

[15 - 18[ 3.88 3.02 4.99 <.0001 

[18 - 30[ 3.24 2.67 3.93 <.0001 

[30 - 40[ 2.74 2.25 3.34 <.0001 

[40 - 60[ 2.19 1.84 2.61 <.0001 

[60 - 70[ 1.79 1.54 2.09 <.0001 

[70 and + [ Ref. 
   

Profession 

Farmer 1.19 0.87 1.61 0.2752 

Craftsman/tradesman Ref. 
   

Executives and intellectual professions 1.47 1.20 1.80 0.0002 

Intermediate occupations 1.49 1.23 1.80 <.0001 

Employees 1.43 1.19 1.73 0.0002 

Workers 1.28 1.06 1.55 0.0120 

Retirees 1.30 1.05 1.61 0.0160 

Other persons without occupation 1.35 1.09 1.66 0.0054 

Type of 

households 

one person household 1.46 1.28 1.66 <.0001 

single-parent family 1.09 0.95 1.26 0.2176 

Couple without child 1.28 1.17 1.41 <.0001 

Couple with children Ref. 
   

other type of household 1.54 1.30 1.83 <.0001 

Zone of residence 

Rural areas 1.67 1.35 2.08 <.0001 

Polarized cities < 99 999 inh. 1.32 1.02 1.71 0.0368 

Urban areas < 99 999 inh. 1.19 0.95 1.48 0.1317 

Multicentric-commuting 1.73 1.36 2.20 <.0001 

Large urban areas (100 000 - 10 000 000 

inh.) 
1.64 1.31 2.05 <.0001 

Suburban areas (100 000 - 10 000 000 inh.) 1.49 1.21 1.85 0.0002 

Urban centre areas (100 000 - 10 000 000 

inh.) 
1.45 1.17 1.79 0.0006 

Polarized cities (Paris area) 1.28 0.96 1.70 0.0960 

Paris suburbs 1.09 0.88 1.35 0.4436 

Paris Ref. 
   

Wages 

[ 0 € - 1500 € [ Ref. 
   

[ 1500 € - 2400 € [ 1.11 0.99 1.24 0.0777 

[ 2400 € - 3500 € [ 1.24 1.09 1.40 0.0007 

[ 3500 € or more [ 1.31 1.14 1.50 <.0001 

Motorization 

Non-motorized household Ref. 
   

One car household 1.90 1.66 2.17 <.0001 

Two cars household 2.07 1.78 2.41 <.0001 

Three car or more household 2.11 1.77 2.52 <.0001 

Computer in the 

households 

No Ref. 
   

Yes 1.49 1.36 1.63 <.0001 

Source: INSEE, INRETS, MEEDDM, Enquête Nationale Transport 2007 
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Abstract 
 
 
The Population Census is inherently a complex survey; further the last Italian Census introduced 
important methodological innovations such as a transition towards a register-supported census and 
several ways for respondents to return questionnaires. Such innovations increase the possible errors 
and the survey complexity.   
Therefore the problem to be addressed concerns how to perform a quality census, which is 
innovative in methodology as well as effective both in costs and in data results. The Italian 
Statistical Institute (Istat) answer to these issues is a census focused on web technologies.  
This paper shows how an integrated web information system, based on standard software 
frameworks and common best-practices, has been used to manage census workflow that involves 
multiple phases, integrates different data sources and is used by several kinds of actors.  
The success of the Population Census experience leads Istat to adopt such technological 
infrastructure as the core of the ‘Continuous Population Census’. 
 
Keywords: quality census, multiple data sources, standard framework. 
 
 
1. Introduction 
 
The 2011 Italian Population Census introduced important innovations compared with the traditional 
census. The main innovations are: a transition towards a register-supported census; questionnaire 
personalization with information concerning the family holder and delivery of the questionnaires by 
the Italian postal service; several ways for respondents to return their questionnaires, such as online 
compilation, delivery to postal office or to census bureau or to enumerators (Crescenzi and Mancini 
(2010), UNECE (2012)). As a result, the census methodological and procedural process becomes 
more effective and efficient, but also more complex and difficult to manage. 
 
Moreover, like all statistical surveys, the census survey is inherently affected by errors, especially 
when it is register-supported. For example, here are some issues that may arise: under-coverage, 
over-coverage, error-prone lists, missing questionnaire information, and duplicate questionnaires. 
Such issues are due both to the use of lists and to respondents’ behaviour.  
 
Thus, we have to provide an answer to the following questions: how can we minimize possible 
errors? And how can we perform a quality census, which is (i) innovative in methodology as well as 
effective both in costs and in data results; (ii) easy to be managed by the census operators; and (iii) 
that can be monitored in all its complex phases? 



 
The Italian Statistical Institute’s (Istat) answer to these issues is a census focused on web 
technologies. Istat developed an integrated web information system that supports all the different 
phases of the survey process. Such system is composed of three web applications: a) the online 
questionnaire (QPOP) used both by the citizens to provide their census data, and by the enumerators 
to perform the data entry of the paper questionnaires collected; b) an online documentation system 
publishing different kinds of contents such as wiki, faq, manuals, legislative references, etc; c) a 
web based management and monitoring system (SGR) accessible to the census operators, 
supporting the survey process activities. 
 
QPOP guides citizens in the correct compilation of their questionnaire through consistency rules 
and error checking. Moreover QPOP presents to the respondent only the correct set and sequence of 
questions to be filled in, so that the online compilation turns out to be easier, faster and less error 
prone than the printed form. As a result the quality of the collected data is increased with respect to 
the traditional census. A significant part of Italian citizens chose QPOP for questionnaire 
compilation, and about 8.500.000 questionnaires, i.e. more than 33% of the total number of 
expected questionnaires, were returned. The broad use of QPOP resulted in a considerable reduction 
of the enumerators’ field work with significant organizational and cost-effective advantages. 
Further, the quality of the collected data allowed a quick production of the first census results 
(Virgillito A., Tininini L. (2012)). 
 
The online documentation system acts as the reference site for the network of SGR operators, who 
use it to access documentation material, such as manuals and legislative references, but also as an 
up-to-date information site for contents such as wiki, faq and communications. 
 
SGR is a complete instrument that helps census operators during all the survey phases. It replaces 
previous monitoring systems, which offered a dashboard with quantitative indicators for tracking 
questionnaires, without providing any management or support tools to census operators. SGR has 
been designed to provide to the different users of the system: (i) up-to-date information at different 
aggregation levels, including at single questionnaire level; (ii) a tool for cooperative working, 
guided through a forced workflow of questionnaire life-cycle. Such system helps reduce the 
possible statistical errors by checking and controlling potential register errors; by monitoring “in 
itinere” the survey; and by managing enumerators’ field work.  
 
The rest of the paper is organized as follows: in Section 2 the system architecture is presented, 
focusing on the technological innovations introduced in the last Italian population census; in 
Section 3 the Italian experience is illustrated and the main functionalities of SGR are shown, 
pointing out how SGR supports the complex census process, allowing cooperative operators work 
and data integration; in Section 4 the concluding remarks are discussed.   
 
 
2. System architecture 
 
One of the main complexities of setting up such an important and business critical system like SGR 
is the integration of multiple sources of data and the ability to guarantee the availability of the 
whole system on a 24/7 basis, in particular during peak hours. 
These goals can be achieved only by designing and implementing a flexible architecture, which is 
based on balanced and replicated systems and uses a consolidated middleware infrastructure where 
components can be plugged easily and without massive code reworks. 



As shown in Figure 1, SGR is a core part of such architecture, integrating its modules with the 
questionnaire application that was used by respondent citizens for data entry but also from SGR 
operators entering data from the paper questionnaires. 
Data on which SGR is based relies on a very complex ORACLE database which has to be 
accurately tuned for data access optimization from a very high amount of users, including citizens 
and operators. 
 

 
The core software infrastructure of SGR and QPOP follows the Model-View-Controller design 
pattern. The main technology on which SGR is based is the Java2 Enterprise Edition (J2EE) 
platform. Java was the core language used for the development of the last Agriculture Census 
management system. The team that was in charge of the development of SGR for the Population 
census took advantage of the previous experience, improving the software in terms of security and 
general quality, reusing many parts of the infrastructure but switching to the state-of-the-art 
versions of the frameworks chosen as building blocks. The heavy use of frameworks has proven to 
provide a significantly positive impact, producing a cleaner code that was easy to write, test and 
maintain, resulting in a more robust application. The implementation exploits in particular three 
widespread open source frameworks, in particular: Struts2, Spring and Hibernate. 
Hibernate proved to be fundamental for developers, as it acts as a software layer which eases 
working with database tables through a simple model based on Java objects, called “beans”. 
This speeds up development time and delegates the SQL interaction with the DBMS to the 
framework: programmers only have to deal with the generally more familiar Java syntax. 
Another technology widely used in SGR is AJAX: this Javascript-based technology acts as glue 
between the GUI and the server-side components of the system, allowing a tight interaction among 
the controls available on the end-user interface (buttons, lists, collapsible data sections) and 
consequent real-time actions happening on the server. 
This technology brings real improvements to the end-user, who is actually guided in his work since 
the data SGR presents to him is always fetched from the database using small and focused queries. 

Figure 1 - System architecture 
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This also brings important performance benefits: for example, when the user selects a district from a 
dropdown list and is called to select a city to work with, the cities he can choose from are a subset 
which depends on the previous choice of the district. 
 
Another component of the architecture is the online documentation portal that has been developed 
by means of a widely popular open source CMS (Typo3), which is written entirely in PHP. 
This led to an additional integration problem due to the fact that Typo3’s database management 
system is MySQL while SGR data is Oracle-based: since any SGR user had to be authenticated on 
both systems, user data had to be constantly synchronized, through a custom script. 
 
The components of the system architecture are shown in Figure1. QPOP, SGR and the 
Documentation system are three integrated web applications. The integration mainly concerns the 
authentication system and the management of questionnaires returns. With respect to the 
authentication system, on the one hand, a single-sign-on mechanism is provided for SGR and QPOP, 
allowing an SGR operator to access QPOP for the data entry of his assigned questionnaires. On the 
other hand, SGR and the Documentation system authentication tables are synchronized allowing a 
user to access both applications with the same credentials. Concerning the questionnaire returns, 
QPOP and SGR share information on the questionnaire status: when a citizen completes the online 
compilation of his questionnaire this information is available in SGR; when a questionnaire is 
returned and registered in SGR the online compilation is disabled.  
 
The database is loaded with normalized data from different sources, e.g. House numbers 
enumeration database, LAC, Revenue agency, Postal service. A detailed description of the 
integration of such sources is provided in Section 3. 
 
 
3 The Italian census experience 
 
SGR has been designed as a collection of functions, each related to a process phase and customized 
according to the user profile that accesses it. About eighty functions, grouped in menus and sub-
menus, have been developed to support all the census activities (as shown in Figure 2). Therefore 
SGR is a modular, flexible, and scalable system which allows an agile development process. 
Although more than twenty developers were involved in the realization of SGR, the plug-and-play 
design of SGR allowed a strong cooperation and a rapid development of all the functionalities. 
The system is dynamically customized according to the profile of the logged user: both the menus 
and sub-menus are personalized displaying only the functions the operator is authorized to use. 
 
To illustrate the functionalities offered by SGR we focus on the following macro-areas: a) 
integration of multiple data sources (registers, civic number enumeration survey, etc.); b) 
interaction of different actors of the survey process (enumerators, supervisors, Istat, postal service); 
c) implementation of the workflow for the questionnaire life-cycle management; and d) up-to-date 
monitoring of the survey progress. 
 



 
 

Figure 2- SGR snapshot 
 
 
3.1 Integration of multiple data sources 
 
An important innovation of the 2011 Italian Population Census has been the use of local population 
register (LAC): questionnaires have been personalized with information concerning the family 
holder and delivered by the Italian postal service. In particular, the SGR database has been loaded 
with normalized data, almost sixty millions of individuals, coming from LAC dating to 31/12/2010. 
Further, to take into account population flows in the period between 31/12/2010 and the census date, 
i.e. 9/10/2011, a second data loading was performed for cities with more than twenty thousand 
citizens. Small cities have been supported in such operations by SGR through suitable 
functionalities.  
LAC can be affected by errors due to the incompleteness of the register. Moreover, taking into 
account only one data source results in missing out individuals not present in the register but living 
in the municipality (under-coverage). So, data provided by different sources, such as revenue 
agency, permits to stay and civic number enumeration survey, have been integrated in the system to 
help detect under-coverage. In particular, civic number enumeration survey and municipal address 
archives allowed the detection of buildings with no corresponding LAC individual: almost nine 
millions possible under-coverage signals have been identified in the system and checked by the 
enumerators. 
SGR manages also the different questionnaire returns offered to respondents, i.e. web compilation, 
returns to postal office and to enumerators. On the one hand the integration between QPOP and 
SGR allows a real-time monitoring of the online compilations; on the other hand the integration 
with services provided by the Italian postal service is necessary in order to load information about 
both deliveries of the personalized questionnaires to the respondents and returns to the postal offices. 
 
 
3.2 Interaction of different actors of the survey process 
 
In order to take into account Italian different geographical, socio-demographical and housing 
situations, the survey has to be carried out at a fine-grained level, i.e. municipal sub-areas (census 
areas). Thus SGR includes several user profiles each characterized by a territorial visibility 
(national, regional, provincial, municipal) and available functions (Table 1).  
User profiles with national visibility have monitoring functionalities that enable one to monitor the 
survey progress on the whole territory and to take strategic decisions during the survey. User 
profiles with regional visibility have been provided to Istat regional employees. The regional 
employees’ duty is to organise and coordinate the survey on their territory and to support the 
municipal operators. The municipal operator is the key profile in SGR: it is in fact responsible for 



all operative phases of the census. Such users can: (i) define the local survey network, i.e. 
supervisors and related enumerators; (ii) assign census areas with related questionnaires to the 
enumerators and (iii) monitor the progress in the questionnaires life-cycle. Enumerators and 
supervisors carry out field work and back-office activities, such as registration of the questionnaire 
returns to the census bureau, interviews to the respondents, check of data provided by the civic 
number enumeration survey in order to detect under-coverage, etc. 
Actually, SGR gave the possibility to create autonomously the survey network, inserting more than 
eighty five thousand operators. This is a significant result since the creation of the survey network is 
not managed as a centralized task but is distributed on the whole territory. 
 

Table 1 - User profiles 
User 
profile 

Functionalities Territorial 
visibility 

Istat Monitoring functionalities at all territorial level, i.e. national, 
regional, provincial, municipal and census areas level 

National 

URC Monitoring and support functionalities at regional, provincial, 
municipal, and census areas level 

Regional 

UPC Monitoring and support functionalities at provincial, municipal, 
and census areas level 

Provincial 

UCC Monitoring and support functionalities at municipal and census 
areas level. 
Functionalities for creating the municipal operators network. 
Functionalities for assigning, coordinating and supervising both 
enumerators and supervisors work. 
Operative functionalities for field work and back-office 
activities.   

Municipal 

CoC Functionalities for assigning, coordinating and supervising 
enumerators work. 
Operative functionalities for field work and back-office 
activities.   

Assigned 
census areas 

Ril Operative functionalities for field work and back-office activities Assigned 
census areas 

 
 
3.3 Implementation of the workflow for the questionnaire life-cycle management 
 
SGR guides the operators to fill out the survey correctly, offering a fixed path through the 
questionnaire working phases. Each questionnaire working phase has been linked to a state. The 
transition between two different states is realized through SGR functions or through external 
operations, such as the completion of the online compilation. Each function has both pre-condition 
states, i.e. states that allow the function use, and post-condition states, i.e. states assigned by the 
function to the questionnaire. In this way SGR defines a predefined flow of questionnaire states, 
which guides and forces the questionnaire life-cycle. Such questionnaire life-cycle management 
allows also cooperative operators work. For example we can consider the following scenario: 1) a 
back-office operator registers the paper questionnaire return; 2) SGR updates the questionnaire 
state; 3) consequently the enumerator, responsible for that questionnaire management, is informed 
of the return and can proceed with following working phases. 
Thus SGR is a distributed workflow system, in which, on the one hand, each operator works 
autonomously and, on the other, a centralized monitoring of the overall census activities is provided. 
As a result, using SGR as a survey tool allows for cost-effectiveness, real-time management, 
support for cooperative work and on-going monitoring.  



The most important function in SGR is the “diary”: a control panel that shows to the survey 
operator an up-to-date list of his assigned questionnaires, built by the different sources described in 
section 3.1. Each element of the list displays the respondent’s personal data, the questionnaire state, 
and the operations performed on the questionnaire. The operator can modify the questionnaire state: 
on the basis of the current questionnaire state the diary shows the possible next states (including the 
final states, i.e. the survey results). Further the diary displays the information to be edited according 
to the state transition. In such a way the diary allows one to manage the significant aspects of the 
process, such as the coexistence of different questionnaire returns offered to respondents. Each 
return sets the questionnaire in a defined state, through internal or external functions, i.e. web 
compilation, loading of postal office information in the system database and census operator 
registration. Such information, which is visible in the diary, allows the complete monitoring of the 
returns. As a result, the enumerators are now able to interview only the respondents that did not 
return the questionnaire. The enumerator’s work is thus more efficient, and the quality of survey 
data is increased due to a reduction of potential errors by enumerators.  
 
Through the diary is also possible to edit information concerning primary variables such as the 
number of males, females, and foreigners, etc. Such information is mandatory in order to reach a 
questionnaire final state. The availability of primary variables data in SGR has been a key element 
for a rapid dissemination of provisional data. 
 
The diary results a complete instrument for all the operators involved in the survey process: the 
enumerators use it as a control panel that shows them an up-to-date list of assigned questionnaires 
and guides their field work; the supervisors use it as instrument to monitor the work of their 
assigned enumerators; the municipal operators refer to the diary to monitor the survey progress in 
the census areas. 
 
 
3.4 Up-to-date monitoring of the survey progress 
 
SGR permits a comprehensive monitoring of the survey process. On the one hand, SGR offers a 
detailed supervising of all the operations performed on each questionnaire, displaying author and 
date of each operation. On the other hand, several reports are provided in order to show the progress 
of each survey phase: delivery of the questionnaires by the postal service; returns of the 
questionnaires; survey progress on the basis of questionnaire states; activity of the operators (with a 
high level of detail). 
 
Reports are available at different data aggregation level. In particular, it is possible to display data 
concerning a particular operator or data at different territorial levels, i.e. national, regional, 
provincial, and municipal. 
 
All these reports are dynamically generated using snapshots of data taken at regular intervals, 
producing tabular views of reported data. Every report can be exported in the most common formats 
like XLS and PDF, but also in a CSV plain text file, allowing users to import data in any custom 
tool. 
 
 
 
 
 
 
 



 
4. Concluding remarks 
 
SGR turned out to be a very useful instrument that supported the 2011 Italian Population Census: it 
has been daily accessed by more than one hundred thousand users during the survey; it supported a 
complex survey with about 8.500.000 online questionnaires compilation (33% of the total returns), 
7.826.000 census bureau returns, over three million questionnaires returned to the enumerators and 
the remaining 20% returned to postal offices.  
Even though measurements on the quality of the survey results have not been performed yet, the 
management of the survey pointed out significant improvements towards a cost-effective and 
quality census. SGR greatly contributed to achieving such results.  
First, it supported a register-based census, allowing a reduction in the related errors. Such result has 
been achieved through the use of multiple data sources as well as a constant and complete 
monitoring of all survey phases.  
Second, SGR offered a predefined and forced workflow in the questionnaire life-cycle 
management; this enables enumerators’ work to be less prone to errors and more cooperative.  
Third, SGR has been used by operators with different responsibilities, providing suitable 
functionalities for each profile: (i) the diary effectively supported the enumerators’ field work and 
(ii) reports allowed monitoring to users with different territorial visibility, also supporting the 
strategic decisions of Istat census managers. 
 
SGR has been originally adopted in the 2010 Agricultural Census, and it is actually in use in the 
2011 Industry and Services Census survey. In this survey, SGR has been enriched with new 
functionalities, such as micro data check on the base of predefined rules. Due to SGR the data 
production process is agile, efficient and high quality.  
 
Since SGR software architecture is mainly framework-based and standard compliant, it has 
demonstrated to be very suitable to constitute the foundation of a set of additional web systems that 
have been recently implemented in order to support the subsequent stages of the Census process. As 
few but significant examples worth mentioning are: the Post Enumeration Survey (PES), the 
System for the Review of the Civil Registries (Sirea), and the Survey on Woody Plantations, etc. 
 
Istat technological innovation plans include an SGR generalization with the aim to adopt it as a 
system for the management of different surveys. In particular, it will be a central component in the 
design of the ‘Continuous Population Census’, which is a main topic in Istat’s strategic plan. 
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Abstract  
 
Interpreting differences between point estimates at different waves may be misleading, if 
we do not take the sampling variation into account. It is therefore necessary to estimate 
the standard error of these differences in order to judge whether or not the observed 
differences are statistically significant. A major problem is to take into account of 
temporal correlations between estimators. Correlations play an important role in 
estimating the variance of a change between cross-sectional estimates. The standard 
correlation can be biased, because of the rotation of the design used for the European 
Union Statistics on Income and Living Conditions (EU-SILC) surveys. Furthermore, 
poverty rates depend on poverty thresholds which are estimated. We propose to use a 
multivariate linear regression approach to estimate the correlations. We also show how 
this approach can be adjusted to account for the estimation of poverty thresholds. The 
proposed estimator is not a model-based estimator, as this estimator is valid even if the 
model does not fit the data. We implemented the proposed approach to the Turkish EU-
SILC survey data. 

 
 
Keywords: Linearisation, multivariate regression, stratification, unequal inclusion 
probabilities. 
 
 
Acknowledgements: This work was supported by consulting work for the Net-SILC2 
project (Atkinson and Marlier 2010).  
 
 
1. Introduction  

 
In order to monitor the process towards agreed policy goals, particularly in the context of 
the Europe 2020 strategy, the evolution of social indicators plays an important role. 
However, interpreting differences between indicators at different waves may be 
misleading. It is therefore necessary to estimate the standard error of these differences in 
order to judge whether or not the observed differences are statistically significant.  

The poverty rate is an important policy indicator, especially within the context of the 
Europe 2020 strategy. This rate is defined as “the proportion of people with an 
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equivalised total net income below 60% of the national median income” (Eurostat 2003 
p.2). This indicator is calculated from the European Union Statistics on Income and 
Living Conditions (EU-SILC) surveys (Eurostat 2012) which collect yearly information 
on income, poverty, social exclusion and living conditions from approximately 300,000 
households across Europe. The poverty rate is a complex statistics unlike population 
totals or means; since, it is based on a poverty threshold computed from the median of the 
income distribution. Hence, there exist two sources of variability: one is due to the 
estimated threshold and the other one comes from the estimated proportion given the 
estimated threshold (Berger and Skinner 2003; Verma and Betti 2011). Berger Osier and 
Goedemé (2012) proposed an estimator for the variance of change. However, this 
estimator ignores the sampling variability due to the poverty threshold. In this case, the 
poverty rate is treated as a ratio. In Section 4, we show how this approach can be adjusted 
to take into account of the sampling variability of the poverty threshold. In Section 5, we 
compare the proposed approach with the variance estimates produced using the simpler 
approach proposed by Berger Osier and Goedemé (2012) (see also Berger and Priam 
2010, 2013). 
 
 
2. Rotating sampling designs 
 
As the EU-SILC surveys use rotating designs to select samples at different waves, the 
samples of two consecutive waves are different. However, there are units which are 
selected at both waves. We consider that the sample design is such that the common 
sample has a fixed number of units. With panel surveys, it is common practice to select 
new units in order to replace old units that have been in the survey for a specified number 
of waves (e.g. Gambino and Silva 2009; Kalton 2009). The units sampled on both waves 
usually represent a large fraction of the first wave sample. This fraction is called the 
fraction of the common sample. For example, for the EU-SILC surveys, this fraction is 
75%. For the Canadian labour force survey and the British labour force survey, this 
fraction is 80%. For the Finish labour force survey, this fraction is 60%. 
 
 
3. Estimation of change in poverty  

 
Suppose, we wish to estimate the absolute change 12 θθ −=∆  between two population 

poverty rates 1θ  and 2θ , from wave 1 and wave 2 respectively. Suppose that ∆  is 

estimated by 12
ˆˆˆ θθ −=∆ ; where 1̂θ  and 2̂θ  are the cross-sectional estimators of poverty 

rates. The design-based variance of the change ∆̂  is given by 

  )ˆvar()ˆvar()ˆ,ˆ(corr2)ˆvar()ˆvar()ˆvar( 212121 θθθθθθ −+=∆ . 

Standard design-based estimators can be used to estimate the cross-sectional variances 

)ˆvar( 1θ  and )ˆvar( 2θ . The correlation )ˆ,ˆ(corr 21 θθ  is the most difficult part to estimate 

because 1̂θ  and 2̂θ  can be estimated from different samples. 
Berger and Priam (2010, 2013) proposed a multivariate approach to estimate the 

variance of the change between functions of totals. This approach can be used to estimate 
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the variance of change between poverty rates when they are treated as ratios; that is, 
when we ignore the sampling variability of the poverty threshold. If we consider that the 

poverty threshold is fixed, 1̂θ  and 2̂θ  are ratios; that is 211 ˆ/ˆˆ ττθ =  and 432 ˆ/ˆˆ ττθ = . 

Therefore the change is also a smooth function of totals; that is, )ˆ(ˆ τg=∆ ; where 

)'ˆ,ˆ,ˆ,ˆ(ˆ 4321 ττττ=τ  is a vector of four totals. Berger and Priam (2010, 2013) showed that 

using a Taylor linearisation approach, the design-based variance of ∆̂  can be estimated 
by 

 

  )ˆ()ˆ(ˆ)'ˆ( )ˆr(â v τgradτravτgrad=∆ ,              (1) 
 
where )ˆ(τgrad  is the gradient of )ˆ(τg , and )ˆ(ˆ τrav  is the covariance matrix which is 
computed using a multivariate regression (general linear) model (see Berger and Priam 
2010, 2013). The covariates of this model are the stratification variables and suitable 
interactions which account for the rotation of the sampling design. Note that the approach 
proposed by Berger and Priam (2010, 2013) also account for multi-stage sampling, using 
an ultimate cluster approach. Correlations in )ˆ(ˆ τrav  are estimated by taking into account 
of the whole sample; not only the common part. This gives an approximately unbiased 
estimator for the variance of change (Berger and Priam 2010, 2013). 

In a series of simulations based on the Swedish Labour Force Survey, Andersson et 
al. (2011a) (see also Andersson et al. 2011b) showed that for estimation of change within 
strata domains, the estimator proposed by Berger (2004) is more accurate than standard 
estimators of variance of change (e.g. Tam 1984; Qualité and Tillé 2008). Therefore, 
based on Andersson et al. (2011b) simulation studies, the estimator proposed by Berger 
(2004) is recommended when we are interested in change within strata domains. The 
estimator (1) has the same property, as it reduces to the Berger (2004) estimator when the 
sampling fractions are negligible (see Berger and Priam 2013). 
 
4. Allowing for the variability of the poverty threshold  

 
Note that in (1), the variability of the poverty threshold is not taken into account because 

we treat 1̂θ  and 2̂θ  as ratios. Treating the poverty threshold as fixed might lead over-
estimation of the cross-sectional variances (Preston 1995; Berger and Skinner 2003; 
Verma and Betti 2011). Verma and Betti (2011) compared the ratio variance estimator 
(i.e. when the poverty threshold is treated as fixed) with linearisation and Jackknife 
repeated replication. They found that the ratio variance estimator over-estimated the 
standard errors for all the poverty measures and several complex statistics. However, 
these findings are related to cross-sectional estimators and do not necessarily hold for 
variance of change.  

Taking into account the whole variability means that the sampling variation of the 
poverty threshold is also considered. However, the poverty rate is more complex than a 
ratio and cannot be expressed as a function of totals. Hence, the Taylor method 
(described in Section 3) cannot be used if we want to consider the whole variability. We 
propose to use the linearisation approach proposed by Deville (1999). The 
implementation of this approach for the poverty rate and inequality measures can be 



4 
 

found in the literature (e.g. Verma and Betti 2005; Osier 2009; Münnich and Zins 2011; 
Verma and Betti 2011). 

Osier (2009) proposed the following linearised variable for the poverty rate. 
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where )(ˆ ⋅f  is the kernel estimator of the income density function (Preston 1995). The 

function 1}{ =Aδ , when A  is true, and 0}{ =Aδ  otherwise. The quantity tN̂  is the 

estimator of the population size at wave t )2,1( =t  and 5.0;t̂Y  is the estimator of the 

median of the income distribution. 
The proposed estimator for the variance of change is given by 

 

  )ˆvar()ˆvar()ˆ,ˆ(corr2)ˆvar()ˆvar()ˆvar( 212121
LLLLLL θθθθθθ −+=∆ , 

where 
 

  ∑
∈

=
tsi

itit
L
t Lw ;;θ̂ .                (3) 

Berger and Priam (2010, 2013) proposed an estimator for the correlation between two 
totals. This estimator is also based upon the residual variance of a multivariate regression 
model. We propose to use the approach proposed by Berger and Priam (2010, 2013) by 
treating (3) as estimators of totals. The resulting variance estimator is different from (1), 
because in (1) a different multivariate regression model with more variables is used.  
 
5. Numerical results based on the Turkish EU-SILC survey  

 
For the purpose of analysis, the 2007 and 2008 cross-sectional Turkish EU-SILC data 
sets were used. The personal cross-sectional survey weights (RB050 in R-file) were used. 
The effect of calibration was not taken into account because we did not have any 
information about the auxiliary variables. The effect of imputation was also ignored. 

Table 1 gives the estimates for several domains when the poverty threshold is treated 
as fixed. We observe a significant change for the domain “tenants” at the 95% confidence 
level. Therefore, the absolute change (i.e. 6.7%) is statistically significant. Table 2 gives 
the estimates obtained using the linearisation approach described in Section 4. We also 
observe a highly significant change for the domain “tenant”. We do not observe major 
differences in the p-values between Table 1 and 2, except for the domain “owner” for 
which we observe a smaller p-value when the sampling variation of the poverty threshold 
is taken into account. This is due to the fact that the variance of change is larger in Table 
2. 
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Table 1. Estimates when the poverty threshold is treated as fixed (see (1)) 
Domain Pov '07 (%) Var '07 Pov '08 (%) Var '08 Change (in % point) Var Change Corr p-value
Overall 23.4 0.616 24.1 0.644 0.7 0.447 0.65 0.297
Male 23.0 0.650 23.7 0.665 0.7 0.494 0.62 0.328
Female 23.8 0.639 24.6 0.678 0.7 0.465 0.65 0.299
Owner 24.9 0.739 23.8 0.872 -1.1 0.593 0.63 0.140
Tenant 18.5 1.395 25.3 1.511 6.7 1.522 0.48 0.000
0_14 33.5 1.164 34.5 1.258 1.1 0.882 0.64 0.263
15_24 24.2 1.162 25.3 1.181 1.1 1.118 0.52 0.296
25_49 19.8 0.527 20.7 0.548 0.9 0.405 0.62 0.178
50_64 14.4 0.568 15.0 0.719 0.6 0.569 0.56 0.404
65+ 17.7 1.077 16.2 0.929 -1.5 0.988 0.51 0.120 
Source: 2007 and 2008 cross-sectional data of the EU-SILC survey for Turkey conducted by TurkStat. 
 

Table 2. Estimates when the sampling variation of the poverty threshold taken into 
account (see Section 4) 

Domain Pov '07 (%) Var '07 Pov '08 (%) Var '08 Change (in % point) Var Change Corr p-value
Overall 23.4 0.281 24.1 0.275 0.7 0.338 0.39 0.230
Male 23.0 0.382 23.7 0.386 0.7 0.375 0.51 0.262
Female 23.8 0.375 24.6 0.403 0.7 0.354 0.55 0.234
Owner 24.9 0.362 23.8 0.420 -1.1 0.450 0.43 0.090
Tenant 18.5 1.123 25.3 1.242 6.7 1.357 0.43 0.000
0_14 33.5 0.919 34.5 0.986 1.1 0.762 0.60 0.228
15_24 24.2 0.984 25.3 1.023 1.1 1.013 0.50 0.273
25_49 19.8 0.332 20.7 0.351 0.9 0.325 0.52 0.133
50_64 14.4 0.482 15.0 0.615 0.6 0.516 0.53 0.380
65+ 17.7 0.990 16.2 0.856 -1.5 0.938 0.49 0.111 
Source: 2007 and 2008 cross-sectional data of the EU-SILC survey for Turkey conducted by TurkStat. 
 

We observe smaller estimates of the correlations when the variability of the poverty 
threshold is taken into account. Indeed, the correlations in Table 2 are less than the 
correlations in Table 1 throughout. Moreover, there are noticeable decreases in the 
correlations for the overall population and for the domain “owners”. This reduction may 
be explained by the fact that some part of the correlations has been captured by the 
underlying variables in (2). We can attempt to explain this situation by viewing (2) as 
residuals. For example, Andersson et al. (2011a, 2011b) showed that the correlation 
estimated with a generalised regression estimator, which is based on the residuals, is 
lower than the correlation between the actual variables of interest. In other words, 
underlying variables created some kind of confounding effect on the correlation. This 
result depends on the data used. Hence, how the variability of the poverty threshold 
affects the correlation should be studied more deeply through simulation studies.  

By comparing Table 1 with Table 2, we also found that all variances were estimated 
more conservatively when the threshold is treated as fixed. Preston (1995), Berger and 
Skinner (2003) and Verma and Betti (2011) demonstrated that cross-sectional variances 
are more conservative when the poverty threshold is treated as fixed. However, for 
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variance of change, we cannot anticipate an increase in the variance when the poverty 
threshold is treated as fixed. Let assume that the cross-sectional variances are equal 

)ˆr(âv)ˆr(âv 21 θθ = . Then, the variance estimator of change is given by 

))ˆ,ˆ(corr1)(ˆr(âv2)ˆr(âv 211 θθθ −=∆ . Hence, variance of change is affected in the same 
direction by the variance term and in the opposite direction by the correlation term. Thus, 
when both the variance and the correlation terms increase or decrease concurrently, the 
direction of the effect on the variance of change cannot be predicted. We may not 
necessarily have more conservative estimates of variance of change when the poverty 
threshold is treated as fixed. However, with the data we used, we found that the variances 
of changes were more conservative (see Table 1).  
 

Table 3. Estimates when the sampling variation of the poverty threshold taken into 
account (see Section 4). The smoothing parameter is based on the inter-quartile 
range of the income distribution. 

Domain Pov '07 (%) Var '07 Pov '08 (%) Var '08 Change (in % point) Var Change Corr p-value
Overall 23.4 0.292 24.1 0.290 0.7 0.372 0.36 0.252
Male 23.0 0.361 23.7 0.350 0.7 0.368 0.48 0.257
Female 23.8 0.350 24.6 0.354 0.7 0.346 0.51 0.228
Owner 24.9 0.347 23.8 0.385 -1.1 0.457 0.38 0.092
Tenant 18.5 1.088 25.3 1.171 6.7 1.325 0.41 0.000
0_14 33.5 0.815 34.5 0.828 1.1 0.708 0.57 0.211
15_24 24.2 0.973 25.3 0.988 1.1 1.003 0.49 0.270
25_49 19.8 0.320 20.7 0.324 0.9 0.319 0.50 0.129
50_64 14.4 0.505 15.0 0.630 0.6 0.525 0.54 0.384
65+ 17.7 0.989 16.2 0.876 -1.5 0.940 0.50 0.111 
Source: 2007 and 2008 cross-sectional data of the EU-SILC survey for Turkey conducted by TurkStat. 
 

As shown by Verma and Betti (2005), probability density functions are quite sensible 
to the chosen bandwidth parameter in (2). The larger value of the bandwidth parameter is, 
the smoother density functions will be. We also investigate the situation when the 
smoothing parameter is based on the inter-quartile range of the income distribution 
(Berger and Skinner 2003). The results are given in Table 3. By comparing Table 1 with 
Table 3, we also observed smaller cross-sectional variances, variances of changes and 
correlations when the bandwidth parameter based on the inter-quartile range. When we 
compare Table 2 with Table 3, variance estimates do not differ so much between two 
linearisation methods based on different smoothing parameters. However, the estimates 
slightly vary from each other for the age group: 0-14. However, differences between 
variance estimates of change calculated from two linearisation methods are negligible 
although correlations seem to differ a little bit more over some domains.  
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Abstract  
 

In this paper we describe an exploratory work designed to guarantee statistical disclosure 
avoidance and to maintain privacy in a statistics grid framework. The demand for local 
statistics and sub-urban analyses in relation with social policies is strongly increasing. 
This triggers a new approach for statistics dissemination based on a nation wide uniform 
geographic grid with low resolution. 
Therefore, confidentiality constraints due to very small population counts at grid cell 
level must be taken into account. To achieve this goal we developed techniques based on 
a thorough targeted analysis of the risks and on the use of data swapping and imputation. 
We derive mainly our methodology from the one used by the U.S. Census Bureau and 
generally speaking from the ones used to produce micro data files for public release. 
Our findings are that an operational framework can be drawn from there. This new 
approach of statistics dissemination, through a grid statistics framework based on a small 
set of variables, is therefore a realistic goal. 

 

Keywords: disclosure avoidance, swapping, multiple imputation 

 



1. Introduction 
 

The need for detailed statistics at local level is more and more actual. This includes sub-
urban analyses in relation with social policies and a wide range of environmental and 
planning concerns. Statistics based on low-resolution geographic grids seem to be one of 
the appropriate solutions. 
 
The main interest of this approach is to allow using spatial analysis in order to delineate 
relevant areas and to make comparisons without constraints due to administrative 
boundaries. French national institute has already disseminated population statistics based 
on 1km and 200m squared grids. We now ambition to disseminate more detailed statistics 
on the smallest grid pattern. 
 
We benefit from a well-established process of georeferencing which includes all main 
administrative sources. These georeferenced data are already used in regional and local 
studies conducted by the national institute regional offices which provide final synthetic 
results, such as maps, and statistical summaries. These studies are often successfully 
conducted in partnership with local stakeholders. 
 
The goal is now to publicly release these grid data in order to permit users to promote the 
usage of such analyses. The targeted users include local public autorithies, development 
agencies, social and urban policies partners. This is also part of the open data momentum 
giving a large audience to these statistics. The first set of variables under scope includes 
socio-demographic variables such as household income, housing characteristics, 
populations counts by age and unemployment.  
 
Therefore we need to develop appropriate methods in order to guarantee statistic 
disclosure avoidance and confidentiality observance consistent with this new 
dissemination mode. 
 
To fullfill this requirement, we first made a survey of existing methods which can be 
applied in this particular framework. Because the fine granularity poses new constraints, 
our purpose was to derive techniques from already established techniques. The risk 
scenarios envisaged in the literature (2010 A. Hundepool and al.) was at first our concern. 
We then paid much attention to the techniques used by the U.S. Census Bureau for the 
public release of census statistics and public use files. We were inspired by the 
methodology based on targeted swapping used in american census treatment (2009 
L. Zayatz and al.). We also decided to supplement this method with a simple imputation 
process derived from more complex imputation solutions (2011 G.T. Duncan and al.).  
 
We conducted several tests with various sets of variables from administrative and social 
sources. The implementation required testing different parameters and refining the design 
of variables. We finally came up with a solution based on a short set of variables 
including median income. The final quality assessment seemed satisfactory. The ability 
to provide guidance in using such very detailed statistics is one of the final outcomes. 



 

2. Risk analysis 
 

2.1 General approach  

 

Detailed analysis of risks rely on a preliminary statistical and spatial analysis of the data. 
We first identify the risk due to potentially identifying variables about very small 
numbers of individuals or households. We then consider at risk people belonging to grid 
cells with no populated neighbouring cells, or sets of adjoining cells with low population 
count. We also have to identify individuals with relatively rare combination of 
characteristics as already stated by statistics disseminated at municipality or district level. 
 
The main risk scenario is the ability for an intruder to exactly match or reliably match, 
individuals with precise addresses. This may permit a large range of record linkages. The 
worst-case scenario would be the possibility to match large number of individuals or 
households through a systematic process including a database containing already known 
addresses. 
 
The “direct identification” risk must also be taken into account. By direct identification 
we mean identification by people who can identify individuals or households through the 
knowledge they already have. This risk is sometimes called the “snoopy neighbour” risk. 
We also have to avoid spontaneous identification by individuals themselves. 
 
Emphasis must be put on prohibiting statistics misuses. For example pejorative 
characterization of populations, - with possible consequences for their community from 
moral or economic viewpoints - must be discouraged. 
 
Finally because of the very small granularity of the data, we must take into account some 
safety issues. Developing reliable counter-solutions to all these risks is important for 
public confidence. 

 

2.1.1 Low population counts 

 

Maintaining personal data privacy even though population counts are very low is of 
course a challenge. Among the populated cells in the 200m grid perimeter, half of the 
cells count at most 2 households or 6 individuals. Because of the already stated scenarios 
we must appropriately treat all corresponding observations. 
 
We then set a threshold of – generally – 10 observations, individuals or households 
depending on the source. Corresponding households or individuals should be treated with 
an inclusion rate proportional to cell counts. 
 



Because we must take into account both absolute counts and frequencies from cross 
variables distributions of identifying variables, we also set an appropriate threshold. 
 
Table 1: Number of households and individuals per cell (1 km grid and the 200m 
grid – France Metropole) 
 
France Metropole has 2 124 917 populated 200 m square grid cells and 345 166 
populated 1 km square grid cells (2010 estimates) 

Quantile Number of households Number of individuals 
 1 km grid 200 m grid 1 km grid 200 m grid 
1% 1 1 1 1 
10% 1 1 3 2 
25% Q1 3 1 8 3 
Median 9 2 22 6 
75% Q3 31 8 77 20 
90% 111 25 277 60 
99% 1 295 165 2 893 351 
Max 22 924 5 481 48 919 13 517 
Mean 74 12 171 28 

 
 
Therefore the choice of variables and distributions is one of the most important 
preliminary works. As a general methodology we set a threshold of 2 in cross tabulations 
of potential identifying characteristics. We then apply this threshold to each grid cell. In 
the case of univariate distributions dissemination, we examine the upper and lower 
bounds of cross numbers resulting from these margins. One of our findings is that with 
such low grid cell numbers univariate distributions are almost inevitable. 
 
With respects to continuous variables, we decided, in the particular case of household 
income, to disseminate only medians and no other statistics such as mean or deciles. We 
used dominance ratios and deviance from quantiles observed at a quarter or municipality 
level to mark the corresponding household observations at risk with appropriate treatment 
probability. 
 
When considering isolated cells, without any populated neighbouring cell, we decided 
that these observations should be treated exhaustively. We did the same thing with 
connected zones of populated cells with a total population under an appropriate 
parametrized level. 
 
Finally we must prevent “up to bottom” strategies where, based on some statistics already 
known at a larger geographic level – municipality or quarters –, intruders may attempt to 
identify the corresponding individuals or households at grid cell level. We then marked 
the corresponding observations at risk. 

 

 



2.1.2 Categorization risks 

 

Let us consider the risks coming along a possible misuse of a precise localization of some 
populations, which can result in discrimination. We then want to prohibit any kind of 
automatic or systematic usage of these figures. Because we must in the mean time 
maintain these statistics relevance, we have to define a measure of risks and a treatment 
for both achievements. 

Given the variables at stake, we first determine a set of ratios that can be taken as good 
proxies for categorization risks. For instance we may have to take into account the ratio: 
unemployed / occupied, or individuals more than 65 years old/other people. We then 
compute a threshold value for each ratio from the distribution of cell values at quarter or 
municipality level. In practical terms we generally set the threshold at 80 percentile. 
Corresponding individuals or households are marked at risk with respect to these specific 
variable(s). 
 
Defining risks by observation and variables values allows making a synthetic statement 
when validating the swaps between observations. 
 
For continuous variables we use the distributions quantiles at quarter or municipality 
level. We then compare the distribution at grid cell level – whenever a sufficient number 
of observations exist - with the previous ones at quarter or municipality level. As an 
example for household income we considered the proportion of households at cell level, 
which have an income above (respectively under) the quarter or municipality median. We 
then consider at risk a proportion of cells and corresponding households whose ratio 
exceed a parameterized level. In the case of household income this intends to protect 
from a characterization at cell level. 

 

2.1.3 Other risks 

 

Because of the very large scale and low counts, especially in low population density 
areas, security matters must also be accounted for. For example counts by age for elderly 
people in isolated areas might be somehow perturbed. Second houses in scarce 
population areas may also be taken into account. 

 

2.2 How frequent are these risks? 

 

Though half of the cells count at most 2 households – according the 200m grid -, 
fortunately, population living there only account for a small percentage of the total 
population. Cells populated with only 1 or 2 households represent only 5.4% of the total 
number of households and 5.8% of the total number of individuals. On the opposite, due 



to urbanization, 66% of the households and 64% of the individuals live in the 10 percent 
most populated cells (Table 2). 
 
Table 2: Distribution of households and population by grid cell count (200m grid - 
France Metropole) 
 
Intervals are those used in risk analysis. 

Grid cell count (number of 
households) 

Percentage of the total 
number of households 

Percentage of the total 
number of individuals 

1-2 5.4 5.8 
3-10 12.7 13.7 
11-25 15.0 16.2 
26-165 41.1 40.5 
166-high 25.7 23.7 
Total 100 100 

 

Besides absolute counts at grid cell level, risk frequencies of course highly depend on the 
variables frame. As the number of variables increases and especially with very detailed 
categorical variables, the number of observations at risk raises rapidly. For example in a 
case where we considered employed individuals, by sex, age, type of occupation and 
industry, we stated that more than 50% of individuals should be considered at risk, 
provided that sex-age-occupation can convey a confidentiality issue. 

In our final test with a short list of variables including median household income, 
population by age and household or dwelling characteristics we found out that roughly 
40% of observations might be considered at risk (Table 3). 

Table 3: Risk frequencies as percentage of total number of households (variables 
from fiscal source - France Metropole: 200m grid) 
 
Percentages are not additive: cells may incur multiple risks 

Type of risk at grid cell level As a percentage of the total 
number of households 

Isolated cells and connected areas with total number 
of households under 30 or cells with 1 to 10 
households 

18.8 

Cells with households belonging to low count 
populations at quarter or municipality level 

2.8 

Cells with households with categorization risk or risk 
from ratio threshold for continuous variables 

20.0 

 



 

3. Methodology of treatment 
 

3.1 Imputation areas and conditional distributions 

 

For imputation of individual or household categorical variables we use a very simple 
methodology based on percentages from conditional distributions in reference areas. To 
define these reference areas we use a spatial partitioning process aiming at defining 
balanced zones of about 2 000 households or individuals. 

In practical terms, the reference zones are computed through spatial medials of 
population, meaning iteratively splitting in half each time the observations. The final 
result is a spatial partition made of right-angled areas. Every populated cell belongs to 
one reference area. We then compute conditional distributions in every reference area. 
The set of conditionals used depends on the variables imputed. For instance we can 
impute age based on sex and occupation, or household income based on dwelling status: 
owners versus renters.  

Conditional variables may be variables, which are at disposal in the data source even if 
they are not included among the dissemination set of variables. For example the 
stratification of observations through taxable status of household appeared to be relevant 
for income prediction, but is not intended to be disseminated. 

One of the concerns is to establish reference zones in order to have a sufficient number of 
observations for a reasonably accurate variable imputation. The imputation process is 
designed to reliably perturb the observations at stake. In this mean we want to avoid 
using statistics at quarter or municipality level, while maintaining some control over the 
spatial consistency of this imputation. 

 

3.2 Continuous variables 

 

For continuous variables the method is quite similar but a bit more demanding. The 
process is based on the observed distribution of the variable of interest in the same 
reference zones as defined previously. 

Let us take the example of household income, which is one of the most prominent 
variable of interest, and requires a high standard of reliability concerning confidentiality. 
As conditionals we used dwelling status (owner versus renter) and taxation status (taxable 
or not). We then consider a truncated version of the corresponding observed distributions 
in the reference areas. In practical terms we exclude the first and last decile of the 
distributions. We then determine the optimal Box-Cox transformation for each truncated 



distribution. Based on this transformation we randomly impute a value for each 
household. Using this process we found out that the final outcome is quite satisfactory as 
far as we consider the median values of both initial and transformed distributions. The 
outcome is also good when considering the same median values at municipality or district 
levels. 

 

3.3 Rates of inclusion 

 

Some risks - such as isolated individuals and/or households, small contiguous zones or 
very low population counts - must be exhaustively treated. For the other types of risks we 
made practical tests with probabilities of inclusion frequently around 1/3. For some risks 
involving people or property safety we defined higher rates. 

Because the main objective is to reliably dissuade any possible attack, it is important to 
set probabilities of inclusion so as to persuade that no systematic trial would be efficient 
and that no prediction procedure could reasonably be employed. Of course these 
probabilities must be set as a consequence of variables sensitivity. In practical terms, 
because any observation may incur more than one risk, as we have defined it, we choose 
the highest probability. 

3.4 Imputation  

 

Imputation process is intended to be used when swapping individuals would not be 
efficient or even possible. Therefore we used imputation for isolated cells, small 
contiguous cells areas and cells with very low counts according to the defined thresholds 
of to 2 or 3. Of course the variables to be imputed depend on the variables at risk. When 
the risk comes from a combination of characteristics, we impute one (or more) of these 
values. 

We decided to avoid multiple imputation using an iterative process. When various values 
are to be imputed we only use initials values as conditionals. This is a very simplified 
version of the multiple imputation process. Because we want to maintain consistency 
with initial aggregate values, we designed a post-weighting procedure when necessary. 
Our tests were conclusive with post-weighting based on municipality and quarter levels, 
and also final margin adjustment and rounding at cell level. We nevertheless stated that 
the imputation framework should be kept as simple as possible. 

With regards to continuous variables – specifically household income in our tests – we 
decided that there was no need to post-constrain the imputation after checking for 
treatment consistency. 

When going forward through the treatment, already imputed cells are excluded in 
following steps. 



 

3.5 Swapping 

 

All other households or individuals at risk are then treated through swapping. For each 
individual or household at risk we randomly take an individual or household in the 
neighbouring cells – no matter if it is at risk itself -. The neighbouring cells are the 
populated cells among the 8 cells figuring the “queen” connectivity. 
 
Based on the paired observations, we verify that observations are adequate for swapping 
through a rating process aiming at getting “different enough” but “not too much 
different”. This rating is based on variables marked at risk. We also must take into 
account variable sensitivity. When it does not make much sense to swap some 
characteristics – for example dwellings either individual or collective – they are kept 
unswapped. 
 
One of the main interests of this technique, in this grid framework, is to guarantee in 
some way spatial consistency. Whenever the random spatial selection fails, because there 
are no observations left in the surrounding cells, remaining individuals or households 
might be specifically treated by appropriate imputation. Because, generally speaking, 
swapping is less perturbing than imputation, we generally tried to achieve the treatment 
with 3 swaps for 1 imputation for any included observation. 

 

4. Quality assessment 
 

We first verified in our test some simple descriptive statistics based on individual 
observations after treatment. We verify the consistency of numbers and the various 
distributions through aggregation at district and municipality level. When it is the case 
post-weighting process is checked in order to verify that there is no bias. 

The final statistics are then checked at grid cell level. Distributions at cell level are 
compared before and after treatment using for comparison appropriate distribution 
statistical tests depending on the number of observations. These tests are satisfactory 
considering the treatment goals. Furthermore we found out no bias. 

We then checked for spatial consistency through computation of spatial auto-correlation, 
both local and global. We also used comparisons of frequently used indicators such as 
smoothed densities through kernel density estimations. Simple maps may also exhibit the 
changes introduced, while in the mean time stressing that results should not be considered 
significant at cell level (Figure 1). 
 
We conducted several tests with various sets of variables from administrative and social 
sources. The choice of variables was our main concern. Implementation difficulties arise 
with multivariate distributions. We made the assumption that univariate distributions are 
sufficient statistics at this very detailed level. 



 
Figure 1 : example –special public medical aid beneficiaries (200m grid 

 
 

The effectiveness of confidentiality treatment is asserted through the percentage of 
observations, which are treated. Concerning household income, which is included in our 
final test, it appeared that the protection of individual household data is quite effective. 
We must notice that in very low density municipalities, notably in rural areas, only 
smoothed values on large enough zones are to be considered significant because of the 
high rate of imputed values in these cases. 

 

5. Conclusions 
 

Based on a small set of variables, with univariate categorical variables, it appears that an 
effective way of dissemination at very low granularity grid level is realistic with good 
confidentiality constraints observance. One of the important issues is to supplement the 
dissemination with instruction about how to use these statistics. Our concern is to 
convince the users that reasonably accurate estimates are more useful than apparently 
precise ones that can be misleading. Based on such statistics it is possible to implement 
reliable spatial analyses. 
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Abstract  
 
In any survey on economic data from enterprises or households outliers and missing 
values may occur. Usually several quantitative variables are collected and therefore the 
outlyingness and missingness is multivariate. In addition the survey design may be 
complex. In this paper the wellknown mechanisms for missingness (MCAR, MAR) are 
combined with mechanisms for outlyingness (OCAR, OAR) and contamination (CCAR, 
CAR). The joint mechanism needed for inference is OMAR, a joint "at random" 
condition on the outlyingness and the missingness. In addition, a condition is needed 
which ensures that the outlyingness, which is latent, is detected proberly. This condition, 
called separable contamination, is discussed.  
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1. A model for the outlier, contamination and missingness mechanisms 

 
Outliers and missing values often occur in survey data. Both problems alone are difficult 
to treat and jointly the pose a challenge to inference. In addition survey data usually is 
multivariate. In the project AMELI (Münnich et al. 2011) a model for the mechanisms 
covering this mixture of problems is developed (Hulliger et al. 2011a). The well-known 
mechanisms for missingness (Little and Rubin 2002) are combined with mechanisms for 
outlyingness and contamination.  
 
The proposed mechanism is shown in Figure 1. Many paths are omitted in the path-
diagram. This reflects that certain multivariate dependencies must be excluded to make 
the treatment possible. The covariates � (known covariates) and � (unknown) covariates 
may influence all other variables. However, the sample design is supposed not influenced 
by any other variable than known covariates � and later the influence of unknown 
covariates � must be excluded to allow any inference.  
 
 



 
 

Figure 1: Path-diagram for mechanism 
 
 
2. Types of mechanisms 
 
The full mechanism that creates the data observed in the sample �� starts with a finite 
population �∅ of which certain observations (the outliers) are contaminated to become 
representative outliers. The binary variable �� determines whether an observation is a 
representative outlier and if this is the case the representative contamination �� is 
plugged into the data instead of the original data. The resulting population �∗ is the 
population of inference or true population. Thus all estimands are functions of �∗ , which 
includes representative outliers. The notion of representative outliers introduced by 
Chambers (1986) is re-interpreted by assuming that these outliers are part of the true 
population. Non-representative outliers are contaminating the true population through �	 
and �	. Missing values through the response indicator matrix 
 are added to the 
observable population �� either as missing at random (MAR) or completely at random 
(MCAR) or not at random (MNAR). Finally the sampling process � follows. The result is 
the sampled observed data ��. Outliers are created as completely at random (OCAR), as 
in classical robust statistics, or at random (OAR), i.e. conditionally on observed 
covariates �, or not at random (ONAR). The outlier mechanism determines, which 
observations are outliers. The contamination distribution determines the outlier value �	. 
Also the contamination may be completely at random (CCAR), at random (CAR) or not 
at random (CNAR).  
 
The decomposition of the full likelihood shows the interplay between outlyingness, 
contamination and missingness. The roles of outlyingness and missingness can thus be 
clarified. Phenomena like masking of outlyingness by missingness can be discussed in 
the model. The model for the mechanisms has proved its usefulness in the simulations of 
the AMELI project (Hulliger et al. 2011b). Different scenarii may be simulated which 
come closer to the reality of the data generating process than the classical contamination 



model in robust statistics which assumes OCAR-CCAR. The model is described and 
discussed fully in (Hulliger and Schoch 2013). 
 
 
3. Conditions for inference 
 
Since unlike missingness outlyingness is latent their roles are very distinct when it comes 
to inference. Assuming first, that outlyingness is observed (like missingness) a condition 
for a likelihood based inference on the distribution of �∗ can be derived: joint 
outlyingness and missingness at random (OMAR). The only way to remedy the latency of 
outlyingness is to assume error-free detection in the sense that there is a non-empty 
subset of the sample space where only true observations lie, a safe support say, and where 
not all the observations are missing. This condition is called separable contamination. It 
refers to non-representative outliers because representative outliers in the safe support 
will be taken into account for inference on the true population. The conditions needed for 
inference on �∗ thus are OMAR and separable contamination. In addition the outlier 
detection method must be able to determine at least a subset of the safe support. This 
capability depends largely on the distribution of the non-representative outliers and 
comes down to a classification problem (Hulliger 2013).  
 
The BACON algorithm (Billor et al. 2000) and its extension to incomplete survey data 
BACON-EEM (Béguin and Hulliger 2008) build on separable contamination because 
these algorithms assume that there is an outlier-free subset where the algorithms can start.  
 
The conditions for inference on the true population in the presence of missing values and 
outliers make clear, that contamination is a more difficult problem than missingness. 
Under appropriate assumptions about the joint outlyingness and missingness mechanism 
and on the nature of the contamination inference on the target population is possible. 
However, the conditions are very strong and may rarely bee met in practice.  
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Abstract  
 

Many statistical organisations are investigating the potential use of administrative data to 
reduce the cost of surveys by (a) increasing their efficiency through improved processing 
and estimation (b) replacing survey samples with administrative sources, which also 
reduces the burden imposed on respondents to the survey. For some survey variables, 
such as turnover and employment, similar administrative sources are directly available. 
However, for survey variables with no direct administrative replacement, estimation 
methods are needed – this paper describes work by the Office for National Statistics 
(ONS) to estimate such survey variables as part of the European Statistical System 
Network (ESSnet) project “Use of Administrative and Accounts Data for Business 
Statistics”. Two scenarios are tested – the survey being discontinued, and the survey 
being discontinued for small businesses only. Methods and results are presented for six 
financial variables from the ONS Annual Business Survey.  
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1. Introduction  

 
The Office for National Statistics (ONS) is investigating the use of administrative data 
sources across a wide range of projects. An example is the Beyond 2011 project1, which 
is exploring replacing the decennial census of population using linked administrative 
data. This paper describes specific work undertaken by ONS as part of the European 
Statistical System Network (ESSnet) project on “Uses of Administrative and Accounts 
Data for Business Statistics”, which continues. The work in this paper aimed to test 
estimation methods for survey variables not directly available from administrative 
                                                 
1 http://www.ons.gov.uk/ons/about-ons/what-we-do/programmes---projects/beyond-2011/index.html 



sources. The benefits would be a reduction in survey costs and a reduction in respondent 
burden.  
 
The two scenarios considered were discontinuing the whole survey, and discontinuing the 
survey for small businesses only – cut-off sampling. Several methods were tested, using 
five years of annual data (2004, 2005, 2006, 2007, 2008), and performance was measured 
by comparing the quality of the resulting estimates to the original survey estimates.  

 
 
2. Data  

 
2.1 Survey data 
The survey data used for estimation were from the UK Annual Business Survey (ABS). 
The ABS selects a stratified simple random sample of 62,000 businesses, and uses ratio 
estimation. UK Structural Business Statistics (SBS) variables are derived from the ABS. 
 
The ABS ‘aggregate’ variables2 used were: 
• Sales of tangible investment goods (SALES) 
• Gross investment in tangible goods (INVESTMENT) 
• … and four components of INVESTMENT (based on a sub-sample of 44 percent) 

o Gross investment in land (LAND) 
o Gross investment in existing buildings and structures (STRUCTURES) 
o Gross investment in construction and alteration of buildings (BUILDING) 
o Gross investment in machinery and equipment (EQUIPMENT) 

 
All variables had volatile returns and many zeros, and all INVESTMENT variables were 
positively skewed. Large businesses (employment over 249) had 9 and 43 percent zero 
returns for the aggregate ABS variables, compared to 70 and 93 percent for the small 
businesses (employment under 10). The largest contribution to survey estimates was from 
large businesses and the second largest from small businesses. Proportions for the 
components of INVESTMENT estimated from the ABS sample were consistent over the 
five years, but were so low for BUILDING and EQUIPMENT that accurate estimation 
was not possible. Hence only LAND and STRUCTURES were used for testing.   
 
2.2 Administrative data 
The administrative data used were from the ONS Inter-Departmental Business Register 
(IDBR), Her Majesty’s Revenue and Customs (HMRC), and Companies House (CH). 
 
The IDBR is the sampling frame for the UK economy, and includes details of 1.8 million 
businesses. Key variables tested were: 
• Employment   
• Turnover 
• ... and also included for modelling were: 

                                                 
2 The variable names used in this report are the common SBS names, not the exact ABS names  



o Geographical region 
o Industry (NACE3 Rev 1.1 at various levels: 17 sections, 51 divisions, ...) 
o Legal Status 

 
HMRC collect UK taxes, including Value Added Tax (VAT) 4. Variables tested were: 
• VAT turnover 
• VAT expenditure 
 
CH stores company information delivered under the Companies Act (2006). In total, 201 
company accounts variables were available for testing – from balance sheets, profit and 
loss accounts and cash flow statements. The most promising variables tested were: 
• Tangible assets 
• Depreciation 
• Revaluation reserves 
• Fixed assets 
• Accruals and deferrals 
• Net tangible assets 
• Total assets less current liabilities 
• Total assets 
• Social securities and VAT 
 

2.3 Matching and correlations 
The utility of administrative data depends on how well they match to survey data, and the 
strength of their relationship. Preliminary data analysis focussed on these two aspects. 
 
The match rate of:  
• the ABS population with VAT turnover was over 80 percent, under 60 percent for 

VAT expenditure and under 50 percent for CH variables 
• the ABS sample with VAT turnover was over 85 percent, under 80 percent for VAT 

expenditure and under 70 for CH variables 
• the ABS population and ABS sample with the IDBR variables was 100 percent 
 
The Pearson correlations5 of:  
• INVESTMENT were best with CH variables (from 0.67 with tangible assets to -0.33 

with Social securities and VAT), and worst with VAT variables (from 0.29 with  
turnover to 0.20 with expenditure) 

• SALES were best with IDBR and VAT variables (from 0.17 with IDBR employment 
and VAT turnover to 0.14 for IDBR turnover and 0.13 for VAT expenditure), and 
worst with CH variables (all under 0.20) 

                                                 
3
 Nomenclature statistique des activités économiques dans la Communauté européenne. 

4 VAT data can be reported monthly, quarterly or annually. Before testing, the data were cleaned and then 
‘annualised’ by dividing the quarterly data into months, and summing all monthly data over calendar years.  
 
5 Averaged over years 2006, 2007 and 2008 to reduce volatility (2004 and 2005 were excluded due to data 
problems) 



• INVESTMENT components were poorly correlated with nearly all variables (all 
under 0.20), the exception being 0.38 between LAND and IDBR employment 

 
 
3. Methods  

 
3.1 Discontinuing the survey 
In practice, instead of discontinuing the survey, the relevant questions would probably 
just be dropped – but for testing purposes the methods are the same. 
 
Aggregate ABS variables  
Two stage estimation was required due to the high proportion of zeros. First, a logistic 
model was used to estimate the probability of a non-zero value from fitting a logistic 
model. Then a regression model was fitted to the positive ABS sample as all variables 
were skewed and contained many zeros (for which the log transformation is impossible): 
 

2
i,T i,Tlog(ABS )    ADMIN    ;  ~ N(0, )α β ε ε σ= + +    (1) 

where: 
• i is the business in the ABS sample 
• T is the time period (the last time the variables were sampled) 
• ABS is the value of the survey variable  
• ADMIN is a vector of administrative variable values  
 
The resulting model was then applied to the administrative data matched to the ABS 
population to estimate the target ABS variables for each business: 

 

j,t j,t
ˆˆ ˆABS     ADMIN  α β= +      (2) 

where:  
• j is the business in the ABS population 
• t is the time period an estimate is required for 

• ˆABS is the estimate of the ABS variable  
 
Estimates from (2) were back-transformed using the exponential (exp) transformation and 
multiplied by the Newman (1993) bias correction ( )2/ˆexp 2σ .  
 
Component ABS variables 
An apportionment method was tested which estimated four components of 
INVESTMENT using proportions estimated from the ABS sample at different levels: 
  

∑

∑

∈

∈=

Si
Ti,i

Si
Ti,c,i

Tc, INVESTMENTw

INVESTMENTw
P̂     (3) 

 



 
where:  
• i is the business in the ABS sample  
• T is the time period (the last time the variables were sampled) 
• w is the sample weight 
• c is the component 
• S is the ABS sample  
 
The estimated proportions were applied both at micro and macro level: micro – to 
INVESTMENT for individual businesses, after which the components were weighted to 
population estimates; and macro – directly to population estimates of INVESTMENT. 
 
3.2 Discontinuing the survey for small businesses: cut-off sampling 
Excluding small businesses from the sample without making any adjustment has the 
potential to introduce bias into population estimates if, as is usual, small businesses 
exhibit different economic behaviour to medium (employment 10 to 19), medium-to-
large (employment 10 to 249) and large businesses. The contribution of the small 
businesses to population estimates can either be derived from the remaining sample of 
medium-to-large and large businesses, or from external administrative data.  
 
Aggregate ABS variables 
The following six methods were tested.  
 
(A) No adjustment 
This method is essentially a benchmark for the rest. The small businesses are excluded 
from the sampling frame and not replaced by medium-to-large or large businesses.  
 
(B) Ratio adjustment  
Ratio adjustment benefits from using up-to-date information from the current sample. 
 

medium,t
small,t small,t

medium,t

ˆABSˆABS   ADMIN
ADMIN

=    (4) 

where:  
• small denotes the estimate/total for all small businesses 
• medium denotes the estimate/total for all medium businesses  
• t is the time period an estimate is required for 
 
(C) Regression on small businesses 
The same method as described in 3.1, except the model was fitted to small businesses in 
the 2004 ABS sample and applied to small businesses in the ABS population.  
 
(D) Regression on medium-to-large businesses 
The same method as (C), except the model was fitted to medium-to-large businesses. The 
advantage over (B) is these businesses continue to be sampled, so model parameters are 



re-estimated each year. The disadvantage is that medium-to-large businesses may not 
have the same relationship with administrative variables as small businesses. 
(E) Adjust the calibration weights 
The ABS ratio estimation uses calibration weights based on IDBR employment. Weights 
are calculated by industry, and represent the difference between the known total 
employment for that industry and the estimated total from the survey: 
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where:  
• I is the industry  
• P is the ABS population 
• S is the ABS sample 
• N is the number of businesses in the ABS population 
• n is the number of businesses in the ABS sample 
• IDBRE is IDBR employment 
 
The adjustment to the calibration weights is to include IDBR employment for the small 
businesses in the ABS population in the numerator of (5), but to exclude the number of 
small businesses in the ABS population from N in the denominator of (5) – the small 
businesses are already excluded from the ABS sample in the denominator.  
 
(F) Generalised calibration estimation 
The same approach as (E), except with a different adjustment to the calibration weights.  
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where:  
• i is the business in the ABS sample  
• X is an administrative variable closely related to the variable of interest 
• Z is an administrative variable that explains fully whether the business is small 
• C is the estimate, which will be biased if either X or Z directly defines whether the 

business is small (so neither X or Z can be IDBR employment) 
 
Component ABS variables 
Method (B) and the apportionment method described in 3.1 were both tested. In the 
apportionment method, the proportion (3) was calculated in four different ways: 
• based on the small businesses sampled at time T (the last time the variables were 

sampled) 
• based on the medium businesses in the current sample 



• based on the medium-to-large businesses in the current sample 
• based on large businesses in the current sample 
 
3.3 Variable selection and model fit 
Administrative data variables were included in the models on the basis of individual 
significance, as measured by p-values, and improved model fit, as measured by the R2 
statistic. Linear model fit was assessed in terms of the R2 statistic. Logistic model fit was 
assessed in terms of Akaike’s (1974) Information Criterion (AIC), the percentage of non-
zero values correctly identified (sensitivity), the percentage of zero values correctly 
identified (specificity), the percentage of values correctly predicted overall (prediction). 
For all models, robustness was assessed through use of data splitting techniques, and 
model inadequacy was assessed by plotting residuals against estimated values and 
applying Cleveland’s (1979) locally weighted scatterplot smoothing (LOWESS).  

 
3.4 Performance  
Estimates were considered of acceptable quality if they were within 5 percent of the 
original survey estimates for all five years tested. Hence, the performance of the methods 
was measured in terms of the relative percentage difference (RPD): 
 

admin survey

survey

ˆ ˆABS ABS
RPD = *100

ˆABS

−
    (7) 

 
where:  

• ˆABS is the estimated population total 
• admin is the new estimate, based on administrative data 
• survey is the original survey estimate, based on the ABS sample 

When methods for discontinuing the survey for small businesses were being assessed, the 
achieved sample size saving that an acceptable RPD implies was also calculated. 
 
 
4. Results  

 
Covariates were selected based on the latest data available (2008), but parameters were 
estimated (unless otherwise indicated) using the earliest data (2004). Parameter estimates 
were then fixed, and the models were applied to data from 2004 to 2008 to assess their 
performance (in terms of RPD) compared to original survey estimates.  
 
4.1 Discontinuing the survey 
 
Aggregate ABS variables 
Only VAT and IDBR variables were used when modelling the entire sample, as matching 
difficulties with CH variables significantly reduced the number of usable businesses.  
 



The best performing models always included the following:  
• IDBR industry (section for linear, division for logistic) 
• IDBR geographical region 
• IDBR employment band 
• log(IDBR turnover) 
 
Linear model fit was better for INVESTMENT than SALES (R2 of 0.66 against 0.37) but 
logistic model fit was similar (sensitivity, specificity and prediction all over 70 percent). 
 
At population level the RPD was always negative – indicating under-estimation – and 
was never of acceptable quality. At division level the RPD was both positive and 
negative, and was of acceptable quality for under 10 percent of divisions over the five 
years combined, but was never of acceptable quality for any division for all five years. 
The best performing division had an RPD of under 20 percent only, over all five years.     
 
Component ABS variables 
When applying proportions (3) at the micro and macro level, the RPD: 
• was best overall for proportions calculated at the divisional level – for LAND the 

overall proportions were second best, and for STRUCTURES the section proportions 
• worsened as the time increased from the year used to calculate the proportions (2004), 

and was never acceptable later than 2006 – for 2007 and 2008 it averaged 46 percent 
 
4.2 Discontinuing the survey for small businesses: cut-off sampling 
 
Aggregate ABS variables 
Although for small and medium businesses CH matching rates were still a problem, they 
were included in the methods where matching rates were best.  
 
The best performing model for methods (C) and (D) always included the following: 
• IDBR industy (division for linear and logistic)   
• IDBR geographical region 
• log(IDBR turnover) 
and for method (D), IDBR employment and IDBR legal status were also always included. 
 
The fit of model (1) was better for SALES for method (C) – R2 of 0.41 against 0.29 – and 
for INVESTMENT for method (D) – R2 of 0.36 against 0.19. Logistic model fit was 
similar for both methods (sensitivity, specificity and prediction all 60-70 percent), with 
one exception – SALES for method (D) – when inclusion of an extra covariate (CH total 
assets) caused problems (due to a single business with unusually large total assets). 
 
The RPD at population level, for estimates modelled using methods (C) and (D), took a 
mix of positive and negative values over time, and was of acceptable quality for four out 
of the five years – with the same exception as above, when it rose to 4x10211 for 2008!  
 
The RPD at division level, for estimates using all methods, was of acceptable quality for 
at least some divisions for all years, except for method (F) where only 2 divisions were of 



acceptable quality for SALES and none for INVESTMENT. The best performing method 
– in terms of numbers of divisions of acceptable quality – was (B) using population ratios 
based on CH variables, with 43 divisions for both INVESTMENT (151 CH variables 
used) and SALES (149 CH variables used). This compares to the benchmark method (A) 
of 5 divisions for INVESTMENT and 6 for SALES. 
 
When the RPD is acceptable at division level, not sampling small businesses implies a 
potential sample size saving (SSS). The SSS and RPD values are reported in table 1 for 
the VAT and key IDBR variables, for method (B), and in table 2 for methods (C), (D) 
and (E). The best variable for ratio adjustment of INVESTMENT was IDBR turnover, 
and VAT expenditure for SALES. The impact of the SSS on the population estimates of 
INVESTMENT and SALES was never more than 3 percent for all methods tested.  
 

Table 1: Number of divisions of acceptable quality over all five years, and sample size 
saved (SSS), for VAT and key IDBR variables for method (B) 

Basis of 
ratio in 
method (B) 

Aggregate 
ABS variable 

IDBR  
Turnover   

IDBR 
employment 

VAT 
Turnover 

VAT 
expenditure 

Population INVESTMENT # = 18  
SSS = 1280 

# = 16  
SSS = 1200  

# = 15  
SSS = 750 

# = 17  
SSS = 805   

SALES # = 5  
SSS = 218 

# = 7  
SSS = 280 

# = 7  
SSS = 310 

# = 10  
SSS = 325 

Division INVESTMENT # = 16  
SSS = 3760 

# = 17  
SSS = 3680 

# = 8  
SSS = 180 

# = 18  
SSS = 2915 

SALES # = 4  
SSS = 506 

# = 5  
SSS = 333 

# = 4  
SSS = 300 

# = 10  
SSS = 2120 

 
Table 2: Number of divisions of acceptable quality over all five years, and sample size 

saved (SSS), for methods (C), (D) and (E) 
Aggregate ABS 
variable 

Method (C) Method (D) Method (E) 

INVESTMENT # = 16  
SSS = 5100 

# = 12 
SSS = 880 

# = 20 
SSS = 4700 

SALES # = 9 
SSS = 3240 

# = 8  
SSS = 3335 

# = 10 
SSS = 420 

 
Component ABS variables 
The proportion (3) was calculated on small businesses, medium businesses, medium-to-
large businesses and large businesses, but was only applied at the micro level:  
• RPD was always acceptable for STRUCTURES at division level, and nearly always 

at overall and section levels, and was consistently acceptable for LAND calculated on 
medium-to-large and large businesses, but only at overall and section level 

• SSS was highest when calculated at division level (except for STRUCTURES when it 
was slightly higher calculated on medium-to-large businesses at section level)  

 



The results from method (B) are in table 3. The best variable for ratio adjustment of 
LAND was VAT turnover, and IDBR employment for STRUCTURE. The impact of the 
SSS on the population estimates of LAND and STRUCTURES was never over 5 percent.  
 

Table 3: Number of divisions of acceptable quality over all five years, and sample size 
saved (SSS), for VAT and key IDBR variables for method (B). *Numbers in brackets 
indicate how many of the ‘acceptable’ divisions could be calculated for all five years. 

Basis of 
ratio in 
method (B) 

Component 
ABS variable 

IDBR  
Turnover   

IDBR 
employment 

VAT 
Turnover 

Population LAND # =  3 
SSS = 51  

# = 7  
SSS = 56 

# = 11   
SSS = 2025 

STRUCTURES # =  9 
SSS = 535 

# = 12  
SSS = 897 

# =  13 
SSS = 784 

Division LAND # = 13(3*)  
SSS = 3760 

# = 13(1*)  
SSS = 4115 

# = 28(1*)   
SSS = 6888 

STRUCTURES # = 11  
SSS = 1338  

# =  13 
SSS = 2216 

# = 11(1*)  
SSS = 1040 

 
 
5. Conclusions  

 
Generic conclusions cannot be made in this paper, as results are conditional on the survey 
and administrative data used for testing. However, for these data the conclusions are: 
1. no methods provide satisfactory alternative estimates when the survey is discontinued 
2. many methods provide satisfactory alternative estimates for small businesses when 

the survey is discontinued for these businesses through cut-off sampling 
3. the best method for all types of variables is simple ratio adjustment 
4. the best administrative source, in terms of matching and performance, is the IDBR 
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Abstract 

In common with many other National Statistical Institutes, the UK Office for National 
Statistics (ONS) has been investigating increasing the use of administrative data for the 
production of business statistics. This paper gives an overview of issues identified and 
progress made by ONS. The work described includes methods for matching administrative 
data to survey data, cleaning administrative data, dealing with differences in timeliness and 
periodicity and using administrative data to produce statistical estimates. For estimation, 
there is a distinction between variables that are directly available from administrative sources 
and those that are not. The main administrative source considered is Value Added Tax data, 
but there is also consideration of Company Accounts data. 
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1. Introduction 

National Statistical Institutes are increasingly turning to the use of administrative data to 
reduce the cost of surveys and to reduce the burden on respondents. As part of the drive to 
increase the use of administrative data, the UK Office for National Statistics (ONS) has been 
heavily involved in the European Statistical System network project on the “Use of 
administrative and accounts data for business statistics” (ESSnet Admin Data). In addition, 
there has been an ongoing internal project to develop the methods required for increasing the 
use of administrative data for business statistics. This paper gives an overview of the recent 
ONS methodological work in this field. 

ONS has considered two main sources of administrative data for business statistics: Value 
Added Tax (VAT) data (Turnover and Expenditure variables), and Company Accounts data 
(financial variables). However, the reporting structure of businesses differs between the 
administrative data and the UK Inter-Departmental Business Register (IDBR). Consequently, 
the matching between these sources is complex and complete coverage is not possible. We 
discuss the data matching methods used and how the data are apportioned out to the ONS’s 
business reporting structure; along with how we have dealt with the coverage issues when 
using the data for estimation.  



Once the data have been matched to the IDBR, they must be validated and cleaned; an 
overview of the methods tested is provided. Another important consideration is the 
periodicity and timeliness of the administrative data and how this corresponds with the 
variables we are estimating. We will outline the methods ONS has tested to overcome these 
two issues. We also discuss how the administrative data variables can be used in the 
estimation of business statistic variables, differentiating between variables which are directly 
available from the administrative data and those which are not.  

2. Matching administrative data to statistical data 

The main administrative sources investigated by ONS for use with business statistics are 
VAT and Company Accounts. In both cases, the unique identifiers in the data sets do not 
match with the statistical units used for official statistics. This is because the reporting 
structure that businesses use for reporting VAT and Company Accounts information is not 
necessarily the same as that required for ONS outputs.  

Taking VAT data as an example, the following links between units exist in the data. 

1. One VAT unit links to one statistical unit. 
2. One VAT unit links to multiple statistical units. 
3. Multiple VAT units link to one statistical unit. 
4. Multiple VAT units link to multiple statistical units. 

In the first case, the matching is straightforward. Where multiple VAT units link to one or 
more statistical units, it is necessary to sum the Turnover or Expenditure values before 
proceeding. When the link is to one statistical unit, it is then straightforward to identify the 
VAT values for that unit. However, when one or more VAT units link to multiple statistical 
units, it is not clear how to apportion the VAT data amongst those units. 

We have tested various methods for apportioning VAT data to multiple statistical units; 
including giving an equal split amongst the units, splitting proportional to the number of 
employees of the individual statistical units and using ratios of Turnover to Employees. The 
Turnover and Employees values both come from the business register. We evaluated these 
methods by comparing resulting annualised VAT Turnover values to the Turnover recorded 
on the Structural Business Survey, for those businesses in both sources. Whilst there are 
definitional differences between sources, this was the only independent source of Turnover 
information available. Based on this comparison, the most accurate method is to split the 
VAT data proportional to the number of employees (Davies 2012). Similar issues exist when 
matching units from Company Accounts data to statistical units. 

When matching VAT data to statistical data, it is also necessary to ensure that the data 
correspond to the same periods. The VAT data consist of monthly, quarterly and annual 
returns, with around 90% of businesses reporting quarterly and most of the rest reporting 
monthly. The quarterly and annual returns don’t have to correspond to calendar or financial 
years – businesses can report for quarters or years starting in any month. When using VAT 
data for annual outputs, it is often relatively straightforward to sum the sub-annual data over 
the constituent periods of the year. In some cases, it is necessary to split data from periods 
which span over multiple years. The problem is more difficult for quarterly statistical outputs 
and considerably more difficult for monthly outputs. For more information on methods for 
creating monthly values from quarterly VAT data see section 4. 



The other main issue when matching administrative data to statistical data is undercoverage. 
The administrative data populations are not the same as the target population for business 
statistics. There are some units that are in administrative data populations, but not required 
for statistics (overcoverage). This can be dealt with by simply removing those units from data 
sets, but only when it is possible to identify them. Possibly more importantly, there are units 
that are required for statistics but are not in the scope of administrative data sets 
(undercoverage). If a full data set is required, the only option is imputation of missing values. 
However, if only aggregate level outputs are required it may be possible to address this 
problem in the estimation. Figure 1 (from Sanderson et al 2013) clarifies the coverage 
situation for a particular administrative source. 

 

Figure 1. Coverage of administrative data. 

3. Cleaning administrative data 

After matching to statistical data, the next step in the process is to clean the administrative 
data. Any errors in the data could lead to errors in the statistics produced from them. Standard 
methods exist for editing survey data. However, most of the methods rely on the ability to re-
contact (some of the) respondents to confirm their data. As part of Work Package 2 of the 
ESSnet Admin Data, ONS has developed and tested methods for cleaning two VAT variables 
– Turnover and Expenditure. There is also ongoing work looking at methods for cleaning 
Company Accounts data. 

Before developing cleaning methods for administrative data it is important to get an 
understanding of the possible causes of errors in the data. To do this effectively, this should 
involve working together with the provider of that data. For VAT data there were four main 
causes of error identified. 

• Scanning errors. 
• Unit errors. 
• Incorrect quarterly data. 
• Errors in individual responses. 

The scanning errors had often been set to the value 99999999999 by the system and so were 
easy to detect. 

The most common unit error occurs when businesses mistakenly enter values in thousands of 
pounds (because this is what they are used to from surveys and other reporting systems), 
when in fact the VAT system in the UK requires them to enter data in pounds. Assuming 
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their data from the previous period was correct, this kind of error can easily be detected using 
the following rule. 

current VAT data
If         then assume a £000 error has been made.

previous VAT data
A B< <                           (1)

 

The parameters A and B are set to identify cases where it is likely the current VAT data value 
is 1000 times too small. ONS uses values of 0.00065 and 0.00135 for A and B respectively, 
corresponding to a 35% variation around the current figure being 1000 times smaller than the 
previous figure. This is based on the tolerance used for a similar rule in ONS business 
surveys and appears to identify the majority of thousand pound errors without triggering too 
many “false hits” – businesses identified as errors that are in fact correct. Any detected 
thousand pound errors can be simply corrected by multiplying the values by 1000. 

Incorrect quarterly data often happens when businesses are supposed to report quarterly but 
actually only report an annual figure. This can often be detected by monitoring the pattern of 
data across four successive quarters. If the values returned are the same for every quarter, this 
suggests that an annual figure may simply have been divided by four. Alternatively, a 
business might report the same (estimated) figure for three successive quarters and then 
balance this in the fourth quarter when the true annual figure is known. In both cases, the 
available data are not truly quarterly and should therefore not be treated as such. It is possible 
to correct these data by assuming the sum of the quarters is a genuine annual figure and 
multiplying it by average quarterly proportions from similar businesses to create new 
quarterly figures.  

Errors in individual responses could occur for many reasons. ONS tested a wide range of 
methods for detecting suspicious values, including looking at extremes in the distribution of 
responses for similar types of business, comparing with previous responses for the business 
and methods that took account of the influence or size of the business. It is difficult to 
evaluate which method works best when there is no possibility to confirm data with 
individual businesses. However, we compared the VAT data for some businesses with related 
annual survey data to get an idea of how well the methods were working. The survey 
variables are defined differently to the equivalent VAT variables, so we did not feel confident 
in concluding that businesses with different values in the VAT data compared to the survey 
data were in error. However, we assumed that any business that was identified as an error by 
a detection method but whose VAT data value was very similar to the survey data value was 
a likely false hit.  

The detection method with by far the least false hits involved identifying businesses whose 
values changed significantly from the previous period. The method, which comes from De 
Jong (2003) is applied as follows. 

• Calculate 
VAT return

Score = 
Median VAT return in class                     (2) 

for each business.  
 



• Then calculate 
 

t t-1 t t-1

t-1 t

Score Score      if Score  > Score  
TestRatio = 

Score Score     otherwise. 



       (3) 

 

• Where Scoret is the value of Score in period t and Scoret-1 is the value of Score in 
period t - 1. 

• Any business with a value of TestRatio greater than a pre-defined threshold is deemed 
to be suspicious. The threshold can be set by analysing past data to see at what point 
the values of TestRatio appear to indicate suspicious returns. 

Having detected suspicious individual values, the next task is to decide how to treat them. 
One option would be to remove those businesses from any analysis or estimation. However, 
if it is desired to create as full a data set as possible, it is necessary to find a way of either 
confirming the values or replacing them with something more realistic. Without the ability to 
re-contact businesses, the only option in this case is to impute a value. ONS tested a wide 
range of imputation methods in a simulation study to discover which is more accurate for 
estimating individual VAT Turnover and Expenditure values. The most accurate imputation 
method was ratio imputation, a commonly used method for business survey data where the 
previous value for the business is inflated by an average growth calculated from similar 
businesses. Equation 4 shows the best performing ratio imputation method tested. 
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Where y denotes the VAT Turnover or Expenditure value and Rh is the set of similar 
businesses in the VAT data set with non-suspicious responses. The similar businesses were 
defined by a cross-classification of broad industry groups and employment size-bands. 

For more details on ONS VAT cleaning work, see Lewis et al (2012). 

The methods for VAT data described above can be used to create a cleaned version of the 
variables, for use in estimation. ONS has already started to implement a cleaned VAT 
Turnover variable on the business register and work is in progress to create a cleaned 
Expenditure variable. Once estimation methods based on VAT data have been developed 
further, it is hoped that these will be used in practice. 

Work developing methods for cleaning Company Accounts data has only just begun. The 
large number of accounts variables available and the relationships that exist between them 
give great possibilities for setting edit rules. Any business providing data that do not obey 
these relationships can be viewed as suspicious. However, it is necessary to have the input of 
expert accountants to properly understand the relationships before setting the rules. Other 
types of errors may also exist in the data and we hope to identify these through analysis. This 
will assist ONS in cleaning Company Accounts data if they are used for estimation in the 
future. 



4. Periodicity and timeliness of administrative data 

One of the main administrative variables currently available for use in business statistics is 
VAT Turnover. Turnover is a common variable for short term statistics, such as the ONS 
Monthly Business Survey (MBS). As described above, 90% of the VAT data are quarterly 
rather than monthly. In addition to that, the data are not available quickly enough to meet the 
production deadlines for MBS. It would be necessary to forecast the data if we wish to use it 
directly. This section covers work to address these problems in ONS. 

The aim of the work was to investigate methods for combining the monthly and quarterly 
VAT data to create timely monthly Turnover data. Two main steps were required to create 
the monthly Turnover: interpolation of quarterly VAT data and extrapolation of Turnover to 
create data that would be available in time to use for monthly outputs. Note that the 
interpolation and extrapolation can be carried out in either order, giving slightly different 
results. 

The following methods of interpolation were tested. 

• Simple – divide the quarterly figure by three to create monthly Turnover. 
• Spline – allocation using a cubic spline, which involves fitting a polynomial through the 

quarterly data and reading off the Turnover at the monthly time points. 

The following methods of extrapolation were tested. 

• Simple – applying the growth between the last two periods to the last level. 
• Holt-Winters – fitting a model with seasonal factors and either a linear or quadratic trend. 
• Univariate ARIMA – fitting an ARIMA model. 
• Singular Spectrum Analysis (SSA) – a method which attempts to uncover the structure of 

a process that generated a time series. This is then used to forecast monthly Turnover. 

For the Holt-Winters method, both linear and quadratic trends were tried, but the linear trend 
was the only one that gave acceptable results. The SAS procedure Proc Forecast was used to 
fit the Holt-Winters and univarate ARIMA models. 

SSA involves decomposing a time series into a set of components. Some of these 
components are then combined to construct a representative time series. The idea is to choose 
a representative series that contains the essential behaviour of the original series, but with 
less noise or irregularity. The representative series is then used to forecast monthly Turnover. 

The methods were evaluated by comparing the revisions to monthly estimates of levels and 
growths in the scenario where VAT Turnover is used to replace all survey Turnover. For 
growths, there was no clear best estimate and for some industries there was no method that 
worked well. For levels, the strategy that led to the most consistently good estimates was 
Simple interpolation and extrapolating using the Holt-Winters method. 

For more details see Parkin (2010) and Parkin and Brown (2012). 



5. Using administrative data in estimation 

5.1 Using VAT Turnover to estimate monthly Turnover statistics 

Using administrative data to estimate statistical outputs is not straightforward. As well as the 
problems already mentioned, there is often a difference between administrative and statistical 
definitions of variables. One common example is VAT Turnover, which in the UK has a 
different definition to survey Turnover – the main difference being the inclusion of tax and 
duties.  

ONS have investigated a range of methods for producing monthly Turnover estimates from a 
combination of VAT and survey data. It became obvious very quickly that it would not be 
possible to produce outputs of the desired quality by using only VAT Turnover. It is hoped 
that supplementing the output with survey data will make it possible to reduce the sample 
size of the existing survey.  

The general strategy being investigated is to maintain a census survey for the largest 
businesses, those which are too important not to include in the survey every month, and use 
VAT data for small or medium businesses. The VAT data may be modelled in some way and 
it may be necessary to maintain a small survey of small and medium businesses to fit that 
model.  

The methods investigated for estimating monthly Turnover used either forecast Turnover data 
(using the method recommended in section 4) or mature VAT data – that is, data from 
previous periods which are available to use in estimation for the current period. All the 
methods use the same basic formula to combine VAT and survey data: 

��
� = ��� + 		 × ����					           (5) 

Where Ŷt is the overall estimate at time t, SLt is the survey estimate for large/complex 
businesses, R is a ratio adjustment and VSt-a is the VAT Turnover value from small and 
medium businesses at a number of months a before time t (a can be zero for forecast data). 

The following three types of method were tested. 

• Simply adding (forecast or mature) VAT data for small and medium businesses to the 
sampled large businesses. 

• Modelling VAT Turnover data for small and medium businesses using the relationship 
between VAT and survey data for large businesses. 

• Maintaining a small survey sample of small and medium businesses and using the 
relationship between VAT and survey data for those businesses to model the rest. 

The modelling of VAT Turnover data generally involves taking the ratio between survey and 
VAT data at an aggregate level for the group of businesses being used to fit the model. That 
ratio is then multiplied by the sum of VAT Turnover for small and medium businesses.  

The resulting estimates were evaluated by comparison to existing full sample estimates, of 
both levels and growths. There was no overall best method, but the three best performing 
methods were using un-modelled mature VAT Turnover, using un-modelled forecast VAT 
Turnover, and modelling mature VAT Turnover using a sample of small and medium 
businesses.  



For more details, see Broad (2012). 

5.2 Estimating variables that are not directly available from administrative data 

Not all statistical variables are directly available from administrative data. As part of Work 
Package 3 of the ESSnet Admin Data, ONS has been investigating methods for using 
administrative data to estimate variables that are not available. This is necessary if it is 
desired to use administrative data to replace all or part of a survey which has many variables, 
for example a Structural Business Statistics (SBS) survey. In this context, ONS has 
investigated estimation methods for variables relating to Purchases, Gross investments and 
Sales of tangible investment goods. There is ongoing work investigating estimation methods 
for Production value. 

For these variables, it has become obvious that the relationship between available 
administrative and survey data is not strong enough to be able to completely replace the 
survey. Instead, the main focus has been testing estimation methods for cut-off sampling – 
where part of the population is not surveyed. In practice this means stopping sampling the 
smallest businesses. The intention is to reduce the cost and burden of the survey without 
materially affecting the quality of outputs. 

Four main methods have been tested to estimate the smallest businesses. 

• Adjusting the calibration weights for the sampled businesses so that they cover the whole 
population. 

• Applying a simple ratio adjustment to the values of an administrative variable, based on 
the ratio between survey and administrative data for medium-sized businesses. 

• Fitting linear regression models between survey and administrative data, using either 
medium-sized businesses or previous survey data for small businesses to fit the model. 

• Generalised regression estimation (see Haziza et al 2010) – a method for correcting the 
bias introduced by cut-off sampling. 

The administrative variables tested for these methods were VAT Turnover and Expenditure 
and basic Company Accounts variables (from balance sheets, profit and loss accounts, and 
cash flow statements). 

The methods were tested by comparison to existing survey estimates. The simple ratio 
adjustment and linear regression models generally produced the best results. The methods did 
not work for all industries, so it would be necessary to maintain a sample survey for small 
businesses in the industries that did not produced satisfactory results. 

For more details, see Sanderson et al (2013). 

6. Conclusions 

This paper has summarised ONS experiences investigating methods to increase the use of 
administrative data in the production of business statistics. Two main sources have been 
considered: Value Added Tax (VAT) and basic Company Accounts data. Before developing 
estimation methods, various processing steps are required.  



First it is necessary to match the administrative data to statistical data. This is not 
straightforward, since for many businesses there is not a one-to-one link between those 
sources. ONS has tested a range of methods for apportioning data from administrative units 
to statistical units. The second step is to clean the data. A range of methods have been tested 
for detecting and correcting errors in VAT data. Methods based on previous period data are 
generally the most successful. Administrative data are generally not timely enough and do not 
correspond to the correct periods to produce monthly outputs. ONS has tested methods for 
creating timely monthly Turnover data from mostly quarterly VAT data. The best performing 
method is to simply divide quarterly data by three and use the Holt-Winters forecasting 
method. 

It has proved to be impossible to use administrative data in isolation to produce good quality 
statistical outputs. ONS has investigated estimation methods based on a combination of 
administrative and survey data in two contexts: to produce monthly Turnover estimates, and 
annual estimates for selected Structural Business Statistics variables that are not available 
directly from administrative sources. Estimation remains difficult in both cases, but analysis 
suggests it should be possible to reduce survey costs and respondent burden through use of 
these methods. 
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Abstract  
    
Market price data plays an essential role when aiming at the production of quality 
statistics to be used by policy makers at EU level. Market risk can be defined as the risk 
of losses in positions arising from movements in market prices, generally linked to the 
risk that commodity prices and/or their implied volatility will change. From the analyst's 
perspective, the most informative data are possibly located within the end-series 
observations. This paper proposes a new Technique for Statistics to be used for assessing 
the presence of commodity risk that might cause market risk. The underlining idea is to 
assess whether the realized prices for a determined product in a specified time span is 
significantly apart from the SARIMA forecasts intervals. Such procedure aims also at 
identifying the type of eventual outliers present within the end-series observations. An 
applied case study on agricultural price statistics in Italy is here presented. 
 
 
Keywords: Price statistics, time series analysis, outliers 

 
 
1. Introduction  

  
When analysing market price data for the European Union, it is important to identify the 
factors causing their fluctuations. 
Such fluctuations are often due to the market price risk, which can be broadly defined as 
the threat of losses due to changes in market parameters. It can be affected by the 
commodity risk, defined as the threat that a change in the price of a production input will 
adversely impact a producer who uses that input. Commodity production inputs are 
usually raw materials (cotton, corn, wheat, copper, etc.). Factors that can affect 
commodity prices include political and regulatory changes, seasonal variations, and 
technology and market conditions. These factors have an impact on the volatility of the 
data, and may affect the predictability, generating uncertainty. 

                                                 
☆ The views and the opinions expressed in this paper are solely of the authors and do not necessarily reflect 
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With a special focus on the end-series observations, this paper proposes a new technique 
for facing this uncertainty by detecting the degree that commodity risk in the series might 
occur. The underlining idea is as following: when the observed data differs considerably 
from the expected forecasted trend, then the commodity risk may be present. In the same 
way, it is also possible to detect potential outliers within end series observations. 
 
 
2. Proposed Methodological approach  

 
Given a price time series Xt, the proposed procedure follows three main steps: 
identification of the SARIMA model, estimating forecast intervals and detecting the 
volatility degree. The idea is to fit a SARIMA model to the series (where the last r  
observations are removed, within the sample), estimating the forecast confidence 
intervals on these values not considered in the first step, and check whether the observed 
prices fall inside or outside the confidence bands. 
 
 
2.1 Identification of the model 
 
The first step of the procedure is to model the series without the last r observations. Here 
a seasonal ARIMA (p,d,q)(P,D,Q)s model is used: 
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(1) 

 
where t* = t – r . 
All the validation checks should be performed as usual. In case of the presence of 
calendar effects and outliers in the series Xt*, a RegARIMA model is used. 
 
 
2.2 Estimating forecast intervals 
 
In the second step, the SARIMA forecast intervals (5%) are computed for r observations 
not taking in account during the first step: 
 

( ) ( )[ ]heVARzhx tt *2*ˆ α±  (2) 

 
where ( )hxt*ˆ  is the punctual forecast at time t*+h , 2αz  is the percentile of a standardized 

Normal distribution and ( )het*  is the forecast error at time t*+h . Commonly the interval 

is taken at 95% level. A detailed analysis of such kind of forecast intervals is in Chatfield 
(2001). 
The intervals are computed for each h = 1, …, r, in order to obtain r intervals for each 
observation not considered in the model during step 1. 
 
 



2.3 Detecting the volatility degree 
 
In the third step the observed values at time t*+h , with h=1, …, r, are compared with the 
forecast intervals computed during the second step. If the observed value at time t*+h  is 
not inside the forecast interval at time t*+h , then the commodity risk is detected, due the 
volatility of the series. 
 
 
2.4 Further considerations 
 
The number r should be not too high, otherwise the forecasted observations would be too 
far from the ones used for modelling the series, but neither too low, given the need to 
analyse as much information possible. From this prospective, here it is suggested to 
consider r=3  for the case of monthly series. 

Where the observed price falls outside the interval, it may be classified as an outlier. 
Information about the type of outlier is given by looking at all the r intervals together. 
Three different cases are here considered, regarding additive outlier, transitory change 
and level shift: 

• If in a given period t*+h*  the observed value is outside the interval, while all the 
other r-1 observed values are inside the respective intervals, then the observed 
value at time t*+h*  is considered an additive outlier. 

• If in the given periods t*+h*  and t*+h*+1  the observed values are outside the 
respective intervals on the same side, but the observed value at time t*+h*+2  is 
inside its respective the interval, then the observed value at time t*+h*  is 
classified as a transitory change. 

• If, starting from a given period t*+h* , all the observed prices are outside the 
respective intervals on the same side, then the observed price at time t*+h*  is 
classified as a level shift. 

 
 
3. Case study 
 
In this Section the price time series of the Italian Parmigiano Reggiano is analysed using 
the methodology presented in the previous Chapter. The analysis follows the steps as 
indicated before. 
The time span of this monthly series is from January 2000 to June 2012. Thus, there are 
150 observations with average 8.22 and variance 1.48. The shape of the series is shown in 
Figure 1. 
 



 
Figure 1: Parmigiano Reggiano [Kg] 

 
The first step is to model the series without the last r=3  observations. The model found 
on the 147 observations is a SARIMA(2,1,0)(0,0,0), meaning that there is no seasonal 
pattern in the series. 
The forecast intervals are computed by applying the (2) on the r=3  forecasted values of 
the series with 147 observations. The observed prices are compared with the forecasted 
interval, as listed in table 1 and shown in Figure 2. 
 

Table 1: Forecast intervals 

Month Ob. Price MIN MAX 

Apr-12 9.57 9.66 10.07 

May-12 9.23 9.37 10.30 

Jun-12 9.20 9.10 10.56 

 



 
Figure 2: Forecast intervals 

 
The observed price is outside the forecast interval in April and May 2012, but it is inside 
the interval in June 2012. So the commodity risk is detected in April and May 2012. 
By looking at the rules for detecting outliers described in the previous section, a 
transitory change has been identified in April 2012, as the observed prices are outside the 
intervals and on the same side in April and May, while it is inside the interval in June. 
These results also have a clear explanation, as in March 2012 an earthquake in Parma 
destroyed a lot of production, with the effect of lowing the prices, and after two or three 
months the situation went back to the normality. 
 
 
4. Future research line 
 
A future research line is already been addressed, including: 

• When referring to a group of series, the model used during the first step may be a 
multivariate model. 

• The forecast intervals may be built considering just one observation ahead, 
changing the number of observations in the model for each h. 
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Abstract  
      
The paper presents the current state of progress of the Net-SILC2 work package dealing 
with standard error estimation and other related sampling issues in EU-SILC. The aim of 
this work package is to develop a practicable set of recommendations on standard error 
estimation both for data producers (NSIs) and data users. The increased complexity of 
EU-SILC, the widening of the user community and the increased reliance on EU-SILC 
for policy targeting and evaluation, particularly since the launch of the "Europe 2020" 
Strategy for smart, sustainable and inclusive growth, have enhanced the need for 
comparable, accurate as well as workable solutions for the estimation of standard errors 
and confidence intervals. After presenting the variance estimation methodology that has 
been proposed, the paper shows preliminary results for cross-sectional and longitudinal 
measures and for measures of net change. 
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1. Introduction – Description of the Work Package  
     

The "EU Statistics on Income and Living Conditions" (EU-SILC) covers the 27 EU 
countries and a number of other European countries. It is the main data source for 
comparative analysis and indicators on income and living conditions in the EU. Since the 
launch of the "Europe 2020" Strategy for smart, sustainable and inclusive growth, the 
importance of EU-SILC has grown further: one of the five Europe 2020 headline targets 
is based on EU-SILC data (the social inclusion EU target, which consists of lifting at 
least 20 million people in the EU from the risk of poverty and exclusion by 2020).  
Given the high policy relevance of EU-SILC there is increasing demand from the 
stakeholders for accuracy measures of the published indicators and for measures of the 
significance of net change of indicators over time for correct monitoring of the evolution 
of social exclusion phenomena. EU-SILC is a complex survey involving different 



sampling design in different countries. For this reason, "to the book" standard methods 
for calculating accuracy measures are not directly applicable. This work aims at 
answering this demand. 
 
A lot of EU-SILC methodological work is being undertaken in the framework of the 
"Second Network for the Analysis of EU-SILC" (Net-SILC2). Funded by Eurostat, Net-
SILC2 brings together expertise from 16 European partners: the Luxembourg-based 
CEPS/INSTEAD Research Institute (Net-SILC2 coordinator), six National Statistical 
Institutes (from Austria, Finland, France, Luxembourg, Norway and the UK), the Bank of 
Italy and academics from 8 research bodies (in Belgium, Germany, Sweden and the UK). 
Two main aims of Net-SILC2 are: a) to carry out in-depth methodological work and 
socio-economic analysis based on EU-SILC data (covering both the cross-sectional and 
longitudinal dimensions of the instrument); and b) to develop common tools and 
approaches regarding various aspects of data production. The activities of the Network 
are set out in terms of 26 work packages (WP) covering key methodological topics such 
as the use of income registers, the measurement of material deprivation in the EU or the 
implications of the EU-SILC following rules for longitudinal analysis. One of those 26 
work packages deals with standard error estimation and other related sampling issues. 
The main objective of this WP is to develop a practicable set of recommendations on 
standard error estimation in EU-SILC both for data producers (NSIs) and data users. 
Those recommendations include:  

• suggestions concerning the concrete implementation procedures for computing 
standard errors at NSI’s level (production database) and at database users level, 
i.e. non-NSI’s level;  

• concrete recommendations for better recording of sampling design variables (e.g. 
suitable documentation and metadata), after reviewing the current practices on 
micro-data for the sample design variables (Goedemé 2010).  

 
 
2. Variance Estimation Methodology 
 
 
2.1. Principle of the approach 
 
Actually, the computation of standard errors for estimates based on EU-SILC is 
confronted with many challenges: 

• complex sample designs involving stratification, geographical clustering, unequal 
probabilities of selection for the sample units and ex-post weighting adjustments 
(re-weighting for unit non-response and calibration to external data sources); 

• rotating samples; 
• quality, documentation and availability of sample design variables; 
• complex cross-sectional and longitudinal indicators and indicators of net changes;  
• different methods of imputation used across countries; 
• confidentiality issues; 
• limited resources in terms of budget, staff and time at national and at EU level. 

 



Standard error estimates should reflect as much of this complexity as possible, otherwise 
they may be severely biased. On the other hand, we should be able to deliver standard 
error estimates as quickly and accurately as possible for any set of indicators, including 
breakdowns. Therefore, we need a variance estimation methodology which makes a 
trade-off between statistical accuracy and practical considerations like time, cost or 
simplicity. From a European perspective, we should ensure that standard error estimates 
are calculated in a comparable way for all countries. In addition, the chosen approach 
should be general enough to be valid under most of the EU-SILC sampling designs, 
which is actually a challenge considering the important differences in sampling design 
between countries (e.g., between ‘survey’ and ‘register’ countries, but also among 
‘survey’ countries themselves). Finally, the estimation methodology should be quick and 
easy to implement with the existing statistical packages (SAS, SPSS, R…)  
 
Re-sampling methods such as Bootstrap or Jackknife are flexible enough to be applicable 
to the sampling designs and the target indicators used in EU-SILC, no matter their 
complexity (Verma and Betti 2011). On the other hand, the computational effort may be 
considerable, which is not desirable if standard error estimates are quickly wanted for a 
large number of indicators, including breakdowns. That’s why Net-SILC2 has proposed 
to apply direct variance formulas (Berger 2003) as a compromise between statistical 
accuracy and operational efficiency. The main assumption is that sample units are 
selected with replacement. If so, variance formulas are considerably simplified. If sample 
units are selected without replacement, this approach will result in conservative 
estimates. However, the overestimation ought to be negligible as long as the sampling 
fraction (i.e. the ratio between the sample size and the population size) is close to zero. 
Those formulas can be extended to multi-stage designs by using the well-known ‘ultimate 
cluster’ approximation, provided the first-stage sampling fraction is close to zero. 
 
 
2.2. Case of linear indicators 
 
Suppose we wish to estimate ∑=

k kyθ , where ky  is the value of a study variable y  for 

k . y  can be either continuous, in which case θ  is the sum of all values of y  over the 
population (e.g., total household income) or dichotomous (e.g., 1 if the person is 
unemployed, 0 otherwise). If y  is a dummy variable, θ  refers to the total number of 
units which fall in the underlying category (e.g., total number of unemployed persons in 

the population). Let θ̂  be an estimator of θ, for which an estimate of the standard error is 

wanted. The variance estimator of θ̂  is given by: 
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• h is the stratum number, with a total of H strata 
• i is the primary sampling unit (PSU) number within stratum h, with a total of nh 

PSUs. We assume nh ≥ 2 for all h. 



• j is the household number within PSU i of stratum h, with a total of mhi households 
• ωhij is the sampling weight for household j in PSU i of stratum h  
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2.3. Case of non-linear indicators 
 
The variance formula (1) applies to linear indicators, i.e. means, totals and proportions. 
However, most of the EU-SILC key indicators are non-linear (e.g., the median income or 
the Gini coefficient). In order to estimate the variance of non-linear statistics, the 
linearisation method may be used (Deville 1999, Osier 2009). The principle is to reduce 
non-linear statistics to a linear form by retaining only the first-order term in an infinite 
Taylor-like series, thus getting a linear function of the sample observations As we know 
how to estimate variances of linear functions of means and totals, the variance of the 
linear approximation can be calculated and used as an approximation of the variance of 
the non-linear statistic. The linearisation procedure is justified on the basis of asymptotic 
properties of large samples and populations. 
 

Assuming θ is a complex non-linear parameter, the variance of an estimator θ̂  follows 
the same expression as (1), except that the study variable y  is replaced by the 
“linearised” variable z : 
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2.4. Interpretation in terms of regression residuals 
 
The differences ( )••• − hhi yy  and ( )••• − hhi zz  can be seen as the regression residuals of the 

PSU aggregates •hiy  and •hiz  on the dummy variables for each stratum category. In case 

there is no stratification, we have only one category: the entire population. This provides 
a quick and easy algorithm to compute the variance of both cross-sectional and 
longitudinal measures using basic statistical techniques. This regression-based approach 
can be easily extended to cope with estimators of net change (Berger and Priam 2013) 
between two cross-sectional waves, on condition that the PSU identification code remains 
fixed from one wave to the next. 
 
 



2.5. Dealing with Calibration Weighting 
 
The here proposed approach can take account of stratification, multi-stage selection, 
unequal probabilities of inclusion for the sample units and re-weighting for unit non-
response. On the other hand, a specific approach is needed in order to reflect the gain in 
accuracy caused by calibration weighting (Deville and Särndal 1992). The effect of 
calibration on variance is expected to be significant in the “Nordic” countries such as 
Denmark or Finland in which powerful auxiliary information from income registers has 
been used to adjust the sampling weights. As shown by Deville and Särndal (1992), the 
effect of re-weighting for calibration on variance estimation can be allowed for by 
replacing the study variable by the residuals of the regression on the calibration variables.  
Such an approach is easy to implement as long as the calibration variables are available 
as well as the initial weights before calibration or, equivalently, the calibration 
adjustment factors (also called the g-weights). Up to now, all this information is not 
available in the EU-SILC database. 
 
 
3. Preliminary results  

 
We used the proposed regression-based approach to compute standard error estimates for 
cross-sectional measures, longitudinal measures and measures of net change: 

• The at-risk-of-poverty or social exclusion indicator (AROPE) and its three sub-
indicators: the at-risk-of-poverty rate (POV), the severe material deprivation rate 
(DEP) and the share of individuals aged less than 60 living in households with 
very low work intensity (LWI). 

• The persistent at-risk-of-poverty rate. The persistent risk of poverty is defined as 
‘having an equivalised disposable income below the at-risk-of-poverty threshold 
in the current year and in at least two of the preceding three years’. 

• The net change of the AROPE between two cross-sectional waves. 
 
The at-risk-of-poverty or social exclusion (AROPE) indicator counts the number of 
individuals living in households that are at-risk-of-poverty, severely materially deprived 
or with very low work intensity; the individuals present in several sub-indicators being 
counted only once. 
 
Figure 1 - The Europe 2020 headline indicator on poverty or social exclusion (at-
risk-of-poverty or social exclusion – AROPE) 
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We used the EU-SILC user micro-data files provided by Net-SILC2. Since those datasets 
do not include any stratum identification number (SILC variable DB050) or calibration 
variables, we had to: 

• Use the variable DB040 (NUTS2 region) as a proxy for DB050. 
• Ignore the impact of calibration on sampling variance. 

 
 
3.1. Cross-sectional measures 
 
The estimated standard error for the AROPE lies between 0.5 and 1 percentage point in 
most of the countries, which means that the absolute margin of error for the indicator 
(based on normality assumption) is between ±1 and ±2 percentage points. The standard 
error is greater than 1 point in Bulgaria, Greece, Lithuania, Portugal and Romania; while 
it is lower than 0.5 point in Germany, Finland and Sweden. For the two latter “Nordic” 
countries, it seems that the impact of weight calibration on variance has been taken into 
account somehow.  
 
Table 1: Estimated standard errors for the at-risk-of-poverty or social exclusion 
indicator (AROPE) and its three components, 2010 

 

POV DEP LWI AROPE 

Estimated 
value (%) 

Standard 
error (% 
points) 

Estimated 
value (%) 

Standard 
error (% 
points) 

Estimated 
value (%) 

Standard 
error (% 
points) 

Estimated 
value (%) 

Standard 
error (% 
points) 

Austria  12,1 0,55 4,3 0,36 7,3 0,43 17,6 0,65 

Belgium  14,6 0,75 5,9 0,57 11,2 0,61 21,8 0,96 

Bulgaria  20,6 0,88 34,9 0,99 7,5 0,53 41,8 1,03 

Czech Rep.  9,0 0,44 6,2 0,42 6,3 0,35 15,4 0,54 

Germany  15,6 0,38 4,5 0,23 9,2 0,29 20,4 0,42 

Denmark  13,3 0,68 2,7 0,33 8,5 0,54 18,9 0,73 

Estonia  15,8 0,61 9,0 0,53 8,5 0,47 22,6 0,73 

Spain  20,7 0,51 4,0 0,25 10,1 0,35 27,2 0,55 

Finland  13,1 0,42 2,8 0,21 7,9 0,33 17,7 0,48 

France  13,5 0,57 5,8 0,42 8,8 0,38 20,2 0,65 

Greece 20,1 0,92 11,6 0,73 8,1 0,58 29,2 1,04 

Hungary  12,3 0,64 21,6 0,75 11,2 0,49 31,2 0,81 

Iceland  9,8 0,61 1,8 0,28 5,1 0,45 14,1 0,70 

Italy  18,2 0,70 6,9 0,54 10,2 0,37 26,4 0,82 

Lithuania  20,2 1,03 19,5 1,07 8,9 0,58 34,1 1,22 

Luxembourg  14,5 0,83 0,5 0,13 5,4 0,38 17,8 0,87 

Latvia  21,3 0,82 27,4 0,89 11,8 0,66 38,9 0,98 

Malta 15,5 0,73 5,7 0,47 8,3 0,48 21,6 0,81 

Netherlands  10,3 0,67 2,2 0,47 7,3 0,61 15,8 0,88 

Norway  11,2 0,52 2,0 0,25 6,3 0,37 15,4 0,57 

Poland  17,6 0,47 14,2 0,45 7,4 0,27 28,7 0,54 



Portugal  17,9 0,94 9,0 0,69 8,8 0,61 26,7 1,01 

Romania  21,0 1,08 30,9 1,25 6,8 0,47 42,0 1,28 

Sweden  12,9 0,44 1,3 0,14 4,9 0,28 15,5 0,46 

Slovenia  12,7 0,43 5,9 0,30 7,0 0,31 19,4 0,50 

Slovakia  12,0 0,57 11,4 0,55 8,1 0,47 21,7 0,68 

United K.  17,1 0,62 4,8 0,38 11,0 0,52 23,7 0,69 

Source: Authors’ calculations based on the EU-SILC micro-data files provided by Net-SILC2  

(Version 01-03-12) 
 
 
3.2. Longitudinal measures 
 
The relative margin of error of the persistent at-risk-of-poverty rate ranges from 14% in 
France to more than 50% in the Netherlands and Iceland. Compared to what we got for 
the AROPE (see previous), the precision of the persistent at-risk-of-poverty rate appears 
to be lower. There are several possible reasons for this: 

• For the longitudinal component of EU-SILC, the achieved sample size is lower than 
for the cross-sectional component: the longitudinal sample sizes range from about 
1000 individuals in Iceland to 11000 in France. This is caused mainly by the rotating 
design used in most of the countries, but also by losses to follow-up and attrition. 
Based on a rotating design, a given percentage (usually 25%) of the sample is rotated 
out each year and is replaced with a new subsample. 

• The persistent at-risk-of-poverty rate generally takes lower value than the cross-
sectional at-risk-of poverty rate (POV) or the AROPE indicator. 

• The higher dispersion of the longitudinal sampling weights, which are adjusted at 
each wave for attrition and calibrated to external data sources. 

 
 
Table 2 – Estimated values, standard errors and confidence intervals for the 
persistent at-risk-of-poverty rate, 2006-2009 

 
Estimated 
value (%) 

Estimated 
Standard error (% 

points) 

Confidence 
interval - lower 

bound 

Confidence 
interval - upper 

bound 

Relative 
margin of 
error (%) 

Austria 6,1 0,78 4,6 7,6 25,1 

Belgium 9,2 1,08 7,1 11,3 23,0 

Bulgaria 10,7 1,44 7,9 13,5 26,4 

Cyprus 11,3 1,06 9,2 13,4 18,4 

Czech Rep. 3,7 0,63 2,5 4,9 33,4 

Denmark 2,3 0,53 1,3 3,3 45,2 

Estonia 12,9 1,04 10,9 14,9 15,8 

Spain 11,4 0,87 9,7 13,1 15,0 

Finland 6,5 0,76 5,0 8,0 22,9 

France 6,5 0,45 5,6 7,4 13,6 



Greece 16,1 1,50 13,2 19,0 18,3 

Hungary 8,6 1,52 5,6 11,6 34,6 

Ireland 7,7 1,49 4,8 10,6 37,9 

Iceland 4,2 1,12 2,0 6,4 52,3 

Italy 13,0 1,07 10,9 15,1 16,1 

Lithuania 11,7 1,42 8,9 14,5 23,8 

Luxembourg  8,8 1,08 6,7 10,9 24,1 

Latvia 17,1 2,16 12,9 21,3 24,8 

Malta 10,1 1,27 7,6 12,6 24,6 

Netherlands  4,7 1,26 2,2 7,2 52,5 

Norway 5,7 0,69 4,3 7,1 23,7 

Poland 10,2 0,80 8,6 11,8 15,4 

Portugal 9,8 1,16 7,5 12,1 23,2 

Sweden 3,7 0,60 2,5 4,9 31,8 

Slovenia 7,0 0,73 5,6 8,4 20,4 

Slovakia 5,4 0,89 3,7 7,1 32,3 

United K. 8,0 0,94 6,2 9,8 23,0 

Source: Authors’ calculations based on the EU-SILC micro-data files provided by Net-SILC2  

(Version 01-03-12) 
 
 
3.3. Measures of net change 
 
In order to monitor the process towards agreed policy goals, particularly in the context of 
the Europe 2020 strategy, we are interested in the evolution of social indicators. 
However, interpreting differences between point estimates at different wave may be 
misleading. It is therefore necessary to estimate the standard error for these differences in 
order to judge whether or not the observed differences are statistically significant. A 
major problem arising at this stage is to take into account temporal correlations between 
indicators. 
 
Estimated standard errors and confidence intervals (based on normality assumption) for 
net changes in the AROPE between 2009 and 2010 are shown in the next table. The 
computations were made within Eurostat premises using the EU-SILC Production 
DataBase (EU-SILC PDB). If a confidence interval does not include 0, we can say the 
difference in the AROPE between 2009 and 2010 is statistically significant (at a given 
level of confidence).  
 
 
 
 
 



Table 3 – Estimated standard errors for estimators of net change in the AROPE 
between 2009 and 2010 

 
AROPE 
- 2009 

AROPE 
- 2010 

(2010) 
- 

(2009) 

Estimated 
standard 
error (% 
points)  

Confidence 
interval – 

Lower Bound  

Confidence 
interval – 

Upper Bound  

Is the 
difference 

significant? 

Austria 17,0 16,6 -0,44 0,27 -0,97 0,09 N 

Belgium 20,2 20,8 0,66 0,07 0,52 0,79 Y 

Bulgaria 46,2 41,6 -4,57 0,75 -6,04 -3,11 Y 

Switzerland 17,2 17,2 -0,08 0,39 -0,85 0,69 N 

Cyprus 22,9 23,6 0,67 0,55 -0,42 1,76 N 

Czech Rep. 14,0 14,4 0,36 0,30 -0,23 0,96 N 

Germany 20,0 19,7 -0,26 0,24 -0,72 0,21 N 

Denmark 17,6 18,3 0,74 0,40 -0,03 1,52 N 

Estonia 23,4 21,7 -1,69 0,38 -2,44 -0,94 Y 

Greece 27,6 27,7 0,11 0,30 -0,47 0,69 N 

Spain 23,4 25,5 2,16 0,02 2,11 2,21 Y 

Finland 16,9 16,9 -0,01 0,33 -0,66 0,64 N 

France 18,5 19,2 0,71 0,53 -0,32 1,74 N 

Hungary 29,6 29,9 0,32 0,41 -0,49 1,13 N 

Ireland 25,7 29,9 4,18 0,93 2,36 5,99 Y 

Iceland 11,6 13,7 2,09 0,34 1,42 2,77 Y 

Italy 24,7 24,5 -0,16 0,32 -0,78 0,45 N 

Lithuania 29,5 33,4 3,90 0,48 2,96 4,83 Y 

Luxembourg  17,8 17,1 -0,72 0,43 -1,56 0,12 N 

Latvia 37,4 38,1 0,64 0,34 -0,02 1,30 N 

Malta 20,2 20,3 0,09 0,42 -0,74 0,92 N 

Netherlands  15,1 15,1 -0,07 0,14 -0,34 0,21 N 

Norway 15,2 14,9 -0,34 0,28 -0,88 0,20 N 

Poland 27,8 27,8 -0,07 0,27 -0,61 0,47 N 

Portugal 24,9 25,3 0,40 0,10 0,21 0,59 Y 

Romania 43,1 41,4 -1,66 0,11 -1,87 -1,44 Y 

Sweden 15,9 15,0 -0,90 0,29 -1,47 -0,34 Y 

Slovenia 17,1 18,3 1,17 0,22 0,74 1,61 Y 

Slovakia 19,6 20,6 1,01 0,17 0,67 1,34 Y 

United K. 22,0 23,1 1,18 0,25 0,69 1,68 Y 

Source: EU-SILC (Production Data Base – PDB) preliminary results 

Note: for Austria, Luxembourg and Slovakia, the effect of stratification on variance is ignored 

 
 
 



4. Conclusion  

 
The approach to variance estimation which is presented in this paper is both theoretically 
sound and easy to implement with the existing software packages in the context of an 
EU-wide undertaking such as EU-SILC. The approach is able to deal with the three main 
kinds of indicators used in EU-SILC that is, cross-sectional and longitudinal indicators, 
and indicators of net changes. The linearization technique may be used to deal with 
complex non-linear indicators. However, the procedure is justified on the basis of 
asymptotic properties so estimates may not be reliable if the sample size is not 
sufficiently large. In addition, first-stage sampling fractions must be close to zero for the 
‘ultimate cluster’ approximation to be valid (in case of multi-stage sampling designs). 
 
The numerical results shown in the previous section seem to make sense, although they 
must be read with caution given the lack of sampling design information in the EU-SILC 
user datasets and potential quality problems with the existing design variables. Eurostat is 
currently working with Net-SILC2 to improve this situation. Concrete recommendations 
have already been made by Net-SILC2 for better recording of sampling design variables. 
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Abstract 
 

Accreditation is a central element of the framework for research access to micro-data that 
currently is understood to be a barrier for transnational access. To better understand the 
nature and causes of the problem, and to devise potential  solutions, we have mapped 
current arrangements across European countries. We identify similarities and differences 
as well as areas for improvement.
Our  key  results  are  encouraging:  almost  all  European  countries  do  provide  research 
access to their micro-data, and most of them allow non-national European researchers to 
access their data, though under varying conditions. However, some obstacles remain, and 
some of them require negotiation and coordination at policy-making levels.
To overcome existing barriers,  we propose some potential  options  for the future  and 
concrete steps towards improvement, which if explored from now on, could substantially 
improve  access  while  still  ensuring  safe  and  lawful  conditions,  and  reducing  the 
administrative financial burden of data providers.   

Keywords: cross-border access, data archives, National Statistical Institutes. 
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1. Introduction 

Accreditation is a central element of the framework for access to official statistical micro-
data for scientific purposes, as authorised by European legislation and the statistical laws 
of  a  growing number  of  countries. It  contributes  to  enabling  safe  research  access  to 
official data, and it is part of the risk management of National Statistical Institutes (NSIs). 
It includes defining the conditions under which a researcher can be considered a “fit and 
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proper” person, and thus be allowed to access data; sometimes NSIs regard it as a way to 
ensure that a researcher is comparable to official statistics staff members and subject to 
the same rules,  codes of conduct,  and penalties in  case of breach.  Accreditation  is  a 
complex procedure  with  three  major  components:  the  definition  of  eligibility  criteria 
(who  is  a  researcher,  what  is  research,  what  is  a  research  project);  the  set-up  of 
application procedures (how to request access, what forms to fill out, whose signatures to 
include); and the design of rules for decision-making (who decides, and on what basis). 
The relative weight that is placed on each of these components often depends on the 
degree of disclosure risk, typically distinguishing between data with high anonymisation 
allowing wide dissemination, data with an intermediate degree of anonymisation (with 
removal of direct identifiers and moderate use of disclosure control tools, or “de facto” 
anonymised), and highly detailed (confidential) micro-data. 
Accreditation is currently understood to be a barrier to access across borders, even within 
the  European  Union  and  neighbouring  countries,  which  share  fundamental  data 
protection and statistical legal principles. While there is growing interest in the scientific 
community for comparative or Europe-wide studies that require access to datasets from 
different countries, it remains very problematic to obtain them. The different procedures 
and  practices  in  researcher  accreditation  that  NSIs  maintain  and  recognize  produce 
inconsistencies,  often resulting in increased burden for researchers  who, for example, 
often have to submit several applications for data to be used in one single project, each 
with differing forms to complete,  evidence to produce, and timing. Nor is the task of 
NSIs easy, owing to the greater difficulty of assessing whether researchers from a foreign 
country (and their affiliated institution) can be considered safe, compared to nation-based 
applicants. Of course, the higher the disclosure risk of the datasets for which access is 
requested, the more crucial it is to ensure that all conditions for safe access are met. Thus, 
trans-border applications often entail either an increased administrative burden for NSIs, 
if they undertake a more thorough examination of eligibility criteria, or a negative default 
position with respect to granting access to researchers across borders.
The Data without Boundaries (DwB) project, funded by the European Commission under 
its 7th Framework Programme for 2011-15, aims to promote equal and easy access to 
official  micro-data in European countries.  One part of it  addresses accreditation,  with 
particular emphasis on  transnational accreditation and highly detailed  micro-data. The 
objective of our work is to better understand the nature and causes of existing barriers, 
mapping the current arrangements – including eligibility criteria, application procedures 
and rules for decision-making – in the different European countries. We aimed to detect 
similarities and differences, as well as to identify any best practices – enabling enhanced 
access under relatively simple and straightforward conditions for data users, while still 
protecting the confidentiality of statistical  units. On this basis, we are now proposing 
potential  solutions,  to  be  discussed  with  all  stakeholders  (particularly  NSIs  and 
representatives of the research community), in an effort to devise solutions that if adopted 
might improve aspects of the accreditation process.   
In  the  remainder  of  this  paper  we  present  the  key results  of  our  overview study of 
accreditation  conditions  and  procedures  in  the  different  European  countries,  outline 
ongoing  tendencies  and  efforts  to  make  improvements,  and  propose  some  potential 
directions for the future, as a basis for discussion with NSIs and other stakeholders.



2. Accreditation to official microdata in Europe: an overview

As  a  first  step  in  our  study  of  cross-border  researcher  accreditation,  we  collected 
information  on  current  arrangements  in  Europe.  To  ensure  comparability  across 
countries,  we focused on NSIs  only,  leaving aside other  public-sector  data  producers 
(statistical administrations such as IAB in Germany, or central banks such as the Bank of 
Italy), and we considered NSI data at all levels of anonymisation, not limiting our search 
to highly detailed micro-data. We retrieved most of the information from NSIs' websites 
but also from some existing sources (Tubaro et al. 2009), and obtained some information 
directly  from  representatives  of  Eastern  European  NSIs  at  a  dedicated  workshop 
organized in Bucharest, Romania, in January 2012. Our key results are on national-level 
accreditation procedures, for access to national-level datasets by researchers based in the 
same European country or in another one (what we call “transnational access”, strictly 
speaking).  To  have  a  broader  picture,  we  compare  below  these  results  to  current 
conditions for accreditation and access to European-level micro-datasets at Eurostat.

2.1 National-level accreditation: policies and practices, progress and remaining 
barriers

Our key results can be summarised as follows:
o All  countries  have  provisions  to enable  researcher  access,  but  practical  

modalities and conditions vary widely.
Reassuringly,  we have found that  all European countries  allow some form of 
researcher access to their microdata. The open data movement, pressure on NSIs 
to maximise the value of their data collections, and progress in IT have enabled 
major  steps  forward  in  this  respect  in  a  large  number  of  countries.  However, 
differences remain. Available data are mostly social surveys, while business data 
are  less  widely  accessible,  and  register  data  are  most  commonly  found  in 
Northern  Europe,  where  they  traditionally  form the  basis  of  official  statistics. 
Most countries release de facto anonymised data, usually in the form of Scientific 
Use Files  (SUFs);  comparatively,  both highly anonymised and highly detailed 
datasets  are more rarely found, though their  availability is growing, driven by 
both  demand  from  data  users  and  IT  developments.  In  some  cases,  research 
institutions  and  data  archives  (such  as  NSD  in  Norway,  Réseau  Quetelet  in 
France, and the UK Data Archive) participate in the dissemination process and 
share part of the administrative and financial burden of assessing and managing 
applications, and subsequently providing data services.  

o Basic conditions (in particular, eligibility criteria, contents of applications and  
user  contracts)  are  common,  but  obstacles  remain  to  a  more  homogeneous  
process.
Interestingly,  key basic principles are held in common: for example, almost all 
NSIs, for almost all types of data, will check the non-profit research purpose of 
any applicant; and a large number require affiliation with a higher education or 
research institution. The strictness of the latter requirement varies, though: some 



countries assess institutional suitability on a case-by-case basis, while others such 
as Norway and the Netherlands have an approved list of institutions, with some 
differences  in  procedure  for  applicants  from  non-listed  (for  example,  newly-
created) institutions.
In practice, most NSIs require a written application: a dedicated form in some 
countries (such as France, Germany, Italy, UK) and a simple letter in others  (e.g., 
Estonia, Poland, Slovakia, Spain), often with a description of a research project, 
datasets and variables to be used, where more details are usually demanded when 
access to more detailed datasets  is requested. Almost all  countries also require 
signing  of  a  contract  (or  undertaking  or  user  licence)  once  access  has  been 
granted, the only few exceptions concerning highly anonymised data files that are 
freely  downloadable  from  the  web,  such  as  Public  Use  Files  in  France  and 
“Campus Files” for teaching in Germany. All in all, it is encouraging to notice 
that  cross-country  differences  usually  concern  actual  practices  and  details  of 
procedures rather than general guiding principles.

o There  is  widespread  openness  to  granting  transnational  access,  but  with  
limitations or with more restrictive conditions, relative to national researchers.
We  were  pleased  to  discover  that  most  NSIs allow  researchers  from  other 
European countries to access their data. However, there are differences in the way 
this principle is put into practice. While access is often granted under the same 
conditions  as  national  researchers  (UK,  for  all  types  of  data),  sometimes 
foreigners have to undergo some additional scrutiny to prove their eligibility (in 
France,  for  example,  for  SUFs).  Heavier  restrictions  are  in  place  in  some 
countries, for instance when foreign data users are prevented from receiving the 
data at home, having to visit onsite data centres instead (Germany, for all types of 
data  except  Campus  files),  or  have  to  register  with  a  host  national  research 
institution (Denmark, for detailed micro-data).

o Some major obstacles to transnational access require Europe-wide agreement,  
but others are easier to address.
The  main  obstacle  to  smoother  transnational  access  concerns  penalties  to  be 
applied  in  case of  breach,  as provisions included in statistical  laws have only 
national validity: how, then to sue a person based in another country? This is a 
major reason why many NSIs have so far been reluctant to authorize the physical 
transfer of data (especially detailed micro-data) across borders. 
To entirely solve this problem, some form of international agreement will have to 
be found, where countries recognize and trust one another’s accreditation criteria, 
so  that  they  can  be  more  confident  when  assessing  how  “safe”  a  foreign 
researcher  applicant  is.  In addition,  further improvements  are coming from IT 
developments and the recent progress of secure remote access facilities, involving 
no actual transfer of data. Norway, for example, used to provide foreigners with 
fully and de facto anonymised data,  and is now piloting a new remote access 
system (RAIRD, Remote Access Infrastructure for Register Data) that  aims to 
enhance access to more detailed  micro-data for the whole research community, 
both national and international.
There are also some subtle issues that hinder  transnational access, in particular 
differences in terminology and definitions across countries: for example, the term 



“Public  Use  Files”  does  not  always  refer  to  datasets  that  are  available  to  the 
general  public  through  the  web,  and  may  be  subject  to  some  restrictions; 
conversely,  secure “remote access” computing facilities are sometimes used to 
offer  access  to  data  that  are  not highly  detailed,  and  would  elsewhere  be 
distributed as SUFs. It is clear that misunderstandings make transnational access 
practically more difficult, though legally authorised. Again, however, clarification 
requires some degree of agreement and at the Europe-wide level. 
Our study also shows a widespread lack (or incompleteness) of online information 
about  accessible  data,  conditions  for  access,  criteria  and  proceedings  for 
accreditation. Transnational access is rarely explicitly mentioned, even when the 
countries do allow it, and availability of English-language translations is uneven. 
These problems constitute a major practical obstacle for users, but can be easily 
and cheaply solved – while the issues mentioned above require some degree of 
negotiation at higher policy levels. 

Overall, these results suggest overall openness of NSIs to the needs of researchers, a high 
degree  of  commonality  in  guiding  principles  and  general  conditions,  and  significant 
improvements in recent times. However, differences and obstacles remain; though mostly 
at the practical level, they currently constitute major barriers to transnational access and 
require concerted solutions.

2.2 European-level accreditation at Eurostat

The existence of barriers and the need for concertation is flagrant when it comes to the 
European-level  process for granting research access to the European datasets  held by 
Eurostat.  The  current  system  shares  its  main  guiding  principles  and  implementation 
details, with the national-level access and accreditation procedures outlined above. This 
is a natural result of the design of European institutions, as common regulations are the 
result of discussions and agreements among Member States (here, represented by their 
NSIs). In particular the distribution of European SUFs requires institutional affiliation 
backing based on a list of approved higher education and research institutions provided 
by Member States, and held and managed at Eurostat.   Similarly,  negotiations among 
countries  will  drive  the  future  regulation  and  guidelines  that  are  currently  under 
discussion, with the aim of facilitating research access to highly detailed European-level 
micro-data. At the moment, discussions revolve around the possible requirement of an 
accreditation  procedure  for  each  research  institution  prior  to  individual  researcher 
accreditation. Such a procedure may result in increased burden for all parties, but may 
ultimately be imposed for access to all types of data, including highly detailed microdata.  
Another controversial issue is the possibility to delegate access to de facto anonymised 
data (SUFs and their equivalent) to research institutions and data archives. While some 
countries have experience in delegation at national level, others are new to such a process 
and more reluctant to extend it. These are very sensitive questions that, as mentioned 
above,  affect  the  risk  management  of  NSIs  and  have  to  comply  with  the  strict 
requirements of the statistical and data protection laws of all countries. Because European 
regulations require consent of all Members States to be approved, a researcher-friendly 
regulatory change at this level may be a lengthy process. 



3. Ultimate goals and current restraints

Looking towards the future and possible solutions to improve this situation, what would 
be the optimal state from the perspectives of researchers and of NSIs? Where do interests 
converge and where are they at odds? In the end, what would be the ideal solution, given 
these various perspectives? 
From the researcher point of view, official micro-data first must be discoverable. This 
means that there should be sufficient information online to direct users towards relevant 
datasets, in a comprehensible language, and (most importantly for transnational access) 
with English translations. Once relevant data are discovered, researchers would like to be 
able to place a request for access: hence, application forms should be easy to download, 
complete, and submit, again in a familiar language. Importantly, researchers do not want 
to have to complete multiple application forms for different datasets or for datasets in 
different countries. Finally, once having submitted a request for data, researchers expect a 
prompt response and quick and easy access to data, after having signed a user license 
agreement with the data provider. Ideally, the researcher would like to have one single 
form for any request, possibly usable for multiple requests, and one single interlocutor. 
From the  point  of  view  of  the  providers  of  official  micro-data,  access  for  research 
purposes  is  a  secondary  goal,  after  production  of  information  for  governments  and 
protection of the confidentiality of the individuals who provide them with information. It 
is essential  for NSIs to fully meet the legal requirements and to maintain the trust of 
policymakers  and  the  public.  Release  of  data  requires  strong  legal  expertise  and 
experience  as well  as substantial  material  resources:  even just  for accreditation,  NSIs 
have  to  implement  multiple  checks  and  controls,  all  the  more  so  when  their  policy 
requires  thorough  investigation  of  researcher  or  institution  eligibility.  They  have  to 
adequately  evaluate  requests  for  data,  process  licenses,  prepare  datasets,  address 
questions  from users,  and make metadata available  in English following international 
documentation standards. Lack of resources may prompt some of them to make some of 
their data unavailable to researchers, even when access would be lawful.
To satisfy all these needs simultaneously, one would need countries to 1) agree on shared 
eligibility criteria, 2) agree to adopt a standard application form, 3) delegate decision-
making power to a third party, possibly a central body, and 4) delegate management of 
the procedure too. In principle, a unified system built along these lines may both meet 
researchers’  demand  for  better  information,  rationalization  of  procedures  and 
simplification, and NSIs’ need to stick to high standards of data protection while reducing 
some of the administrative and financial burden associated with data release.
Such a solution, however, faces a number of obstacles. They can be divided into two 
main  categories:  first,  overcoming  existing  differences  in  eligibility  criteria  and 
requirements to establish to obtain accreditation, and second, acceptance of delegation to 
a third party for decision-making and management of applications.
The  results  of  our  study,  described  above,  suggest  that  differences  in  criteria  and 
requirements are in fact easier to surmount than it might seem at first sight, in that they 
mostly concern practical matters and specific implementation of regulations, but not the 
general principles and guiding lines. These similarities may be taken as a basis for an 



agreement  among  countries,  at  least  on  some  key  points.  However,  more  extensive 
negotiation is likely to be necessary on the issue of whether research institutions need 
some  form  of  accreditation  together  with  individual  researchers,  and  even  the  very 
definition of a research institution – whether it must be based on some form of national 
recognition,  or  whether  it  must  meet  some  given  requirements  (such  as  non-profit 
purpose). One solution for transnational access to national data would be to start from 
less ambitious agreements between clusters of countries that share a similar approach to 
this issue, and can therefore more easily come to an agreement. This could be a first step 
towards implementing larger-scale agreements, and may improve access at least in some 
countries. A common, standard application form may easily be derived once these key 
principles  are agreed upon, and translations  in different  languages could be provided. 
This would be a significant improvement for researchers, who would have better access 
to data held nationally, which often include administrative data and other datasets that are 
not  available  at  European  level  at  Eurostat.  Thus,  such  clusters  would  contribute  to 
creating a more researcher-friendly environment parallel to developments at Eurostat.
Delegation to a third party for decision-making and application handling is a different 
and  more  sensitive  choice,  particularly  for  highly  detailed  micro-data.  As  mentioned 
above,  encouraging  signs  come  from  the  experience  of  countries  where  NSIs  have 
delegated some of their functions to data archives. Although most of them have done so 
only  for  highly  anonymised  and  sometimes  de  facto  anonymised  data  (for  example 
Ireland,  the  Netherlands),  there  are  experiences  at  least  of  cooperation,  if  not  full 
delegation,  for  highly  detailed  data  (for  example  France,  Norway).  However,  greater 
efforts towards trust-building will be necessary before this model can be generalized to 
the whole of Europe – or at least to smaller clusters of volunteer countries.
Overall,  principled  support  for  supporting  access  to  official  micro-data for  scientific 
purposes quickly runs up against  real-world constraints  and considerations.  Given the 
challenges of these constraints, it is most likely that changes towards easier transnational 
access to official  micro-data will be incremental.  NSIs and other providers of official 
micro-data will need time to adjust their policies, procedures, and systems, and will need 
assistance  in  overcoming  resource  limitations  for  a  service  that  is  not  their  primary 
concern. So what can be done in the short- and long-term to ease access to official micro-
data  for  research?  The  following  sections  describe  and  propose  a  set  of  potential 
workable solutions focused on accreditation, some currently under discussion within the 
DwB project. 

4. Moving forward: potential solutions and work in progress

4.1 Short and medium-term improvements 

A first, and relatively low-cost, improvement could be obtained if NSIs would ensure 
availability  of  complete  English  translations  of  their  websites,  particularly  the  pages 
dedicated to data access; use visual clues and an appropriate structure of hyperlinks and 
sidebars to help users locate access-related information; verify clarity and completeness 
of  information  on  both  general  criteria,  any  special  conditions  (particularly  for 
transnational access), and how to apply;  and systematically provide application forms, 



ideally with English translations.  These are simple steps that could,  however, remove 
many practical obstacles and greatly facilitate the discovery task of researchers interested 
in using data from different countries.
Within DwB, we will contribute to this process by making available the information on 
accreditation criteria and procedures that we have collected (and that we are using for this 
study). We aim to develop a searchable tool to be made available online, providing data 
users with comparable cross-country information on accreditation. It will be a repository 
of  web  pages,  each  describing  accreditation  in  one  NSI  and  linking  to  relevant 
information and forms on the website of this NSI, and all also linking to a data base of 
official statistical surveys available to researchers, which is being compiled in another 
part of DwB.However, maintenance of the repository after DwB comes to an end will 
require some degree of cooperation and perhaps of delegation – as the task could be co-
handled by NSIs and data  archives,  or even taken over by data archives.  A potential 
benefit of a common repository is that, though only providing basic information and links 
to NSIs’ own websites (or those of archives), it will contribute to making countries more 
aware  of  similarities  and  differences  among  them.  On this  basis,  they  may be  more 
willing  to  start  talks  on how to  homogenize  and rationalize  the  system,  for  instance 
through common forms, or some procedural simplification for researchers  wishing to 
access data of the same type from different countries. Again, this could occur within 
smaller clusters of countries first,  piloting the model for others that may want to follow 
suit at a later stage. Acceptance in one or few countries may indeed accelerate acceptance 
in other countries too. Further extensions and development of this tool, however, will 
require higher-level policy negotiation, presumably in the long run.

4.2 Long-term possibilities regarding European accreditation processes

While  a  stepwise  approach  to  improving  accreditation  to  official  micro-data  is  most 
realistic, a long-term sustainable solution will eventually be required to ensure sufficient 
stability and coverage across Europe. The current situation, as described and discussed 
above, suggests that a long-term solution for transnational access may require a higher 
level of international standardization and centralization of accreditation issues than has 
until now been the case. As we will argue below, moves towards greater standardization 
and centralization on the part of data providers will likely lead to a significant reduction 
of burden in responding to the needs of researchers.   

o One option would involve establishing a centralized database of accredited users  
and institutions within Europe.
The  payoff  of  such  a  solution  would  be  considerable:  rather  than  having  to 
evaluate the eligibility of individual researchers and their institutions (foreign or 
otherwise)  for  each  data  request,  NSIs  could  simply  check  whether  these  are 
authorized  in  the  database,  and  then  concentrate  solely  on  the  safety  of  the 
specific proposed project. However, such a database may not significantly shorten 
the accreditation process if specific elements (like a research project) cannot be 
transferred from one access request to the other; the database will require require 
continuous  updates  and  maintenance  to  be  really  useful,  taking  into  account 



researchers'  mobility;  and  its  setup  is  likely  to  require  a  significant  up-front 
investment.

o There  may  be  a  “researcher  passport”,  a  recognized  international  document  
carried by vetted researchers to prove eligibility for access to micro-data.
Once established by a central  commission  according to international  standards 
(approved by NSIs), the passport would allow researchers to apply for official 
micro-data, by-passing identify checks and controls. It might be that the passport 
would rely, at least partly, on this central database and would be filled in with 
information about accessed data, their provenance, and so on, much in the way 
that a passport is stamped by different countries that have been visited.  Again, 
updates will be needed regularly and frequently, and the extent to which such a 
passport really simplifies the process will need to be carefully evaluated.

o Another  idea  is  to  build  a  central  database  of  information  about  research  
institutions,  by  housing  all  of  the  institutions  that  have  been  evaluated  and  
accredited across countries, according to some approved international standard.
The advantage for data providers evaluating requests for transnational access is 
that  they  could  simply  rely on  this  database  for  institutional  information,  and 
focus their assessment on the specificity of each application (the research project 
for example). Such a solution, however, requires an agreement about the types of 
credentials institutions must provide, and about the very need for an accreditation 
of institutions – which may in itself be burdensome. In all cases,  the database 
should not duplicate the work already done at Eurostat, and might in fact rely on it 
as a starting point. 

If  such  a  central  service  is  established,  it  will  be  paramount  to  properly  design  its 
governance system.  It will  be necessary to ensure that the database is up-to-date  and 
implemented  lawfully  and  strictly  in  accordance  with  the  accepted  criteria.  For  this 
reason,  it  should be run by an  internationally  recognized  and trusted  organization  or 
infrastructure that is responsible for accreditation of researchers and institutions. Many 
decisions will have to be made in this respect: in particular, this responsibility could be 
delegated to a supra-national institution such as Eurostat, shared by NSIs, or co-handled 
by NSIs with data archives (at least those that have experience with official statistical 
data). The latter solution would have the advantage of reducing the administrative and 
financial burden.
The DwB project is considering the creation of a  European Service Centre for Official  
Statistics (ESC-OS) (see Mack et al. 2012). While an ESC-OS primarily aims to provide 
an online portal of metadata for discovering official micro-data, it might also serve as a 
central database for accreditation, possibly linked to a European remote access network. 
The  Centre  could  conceivably  assume  responsibility  for  processing  requests  for  data 
(using a standard application form), and then dispatch completed forms for review by 
data  providers.  Its  governance  will  be  shared  between  NSIs  (within  the  European 
Statistical  System,  ESS)  and  data  archives  (CESSDA,  Council  of  European  Social  
Science Data Archives).  In this way, much of the burden on data providers would be 
reduced, and researchers would have the benefit of discovering and requesting data all in 
one place, using a single application form. Over time, once trust has been built, NSIs 
might  delegate  more  decisional  responsibility  to  the  ESC-OS,  leading  to  greater 
homogenization and rationalization, though this may only be decided at a later stage. 



To discuss  these  options  and  concrete  steps  to  take,  DwB is  now in  the  process  of 
preparing consultations with individual NSIs to gain insight into their openness to  any 
such solutions. The ultimate accreditation model that we would like to put forward must 
be  consistent  with  national  legal  frameworks,  more  researcher-friendly,  and  without 
being overly burdensome for data providers. NSIs' views are important to help us strike a 
balance between these potentially conflicting needs.

Conclusions

Overall, our study suggests that a standard European model for accreditation and access 
to official statistics is a realistic possibility, though adoption requires time. The upcoming 
consultations will discuss potential solutions, some of which have been outlined above. 
We aim to refine them in light  of  feedback from NSIs,  in order  to  propose a  set  of 
recommendations  that  may really  make  a  difference  in  the years  to  come.  It  will  be 
necessary,  in  particular,  to  establish  the  extent  to  which  a  “passport”  would actually 
facilitate  transnational  access  to  official  micro-data,  and  how  an  ESC-OS  could  be 
helpful for facilitating researcher accreditation across borders. Many of the answers to 
these questions will depend on the degree to which NSIs would be open to delegating 
part of the accreditation process to such a body, and on how its governance structure is 
designed. These are some of the key issues we aim to clarify with stakeholders in the 
round of consultations to come.
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Abstract 
 
The Survey Management System Architecture is the result of a great effort by Statistics 
Portugal to concieve, integrate and modernize its own production system. 
The main goals were: 
• Implement an integrated and consistent approach to survey management systems; 
• Integrate, harmonize and reuse processes; 
• Increase coherence and comparability by using the same updated population; 
• Reduce statistical burden on data providers. 
Due to the complexity of the task, a divide and conquer technique was used, and the 
system was approached by identifying a set of smaller subsystems. Each was addressed 
individually, keeping in mind the integrated nature of the overall target system. 
Although a unique integrated information system was designed, responsibility for each of 
its subsystems was distributed by several departments. 
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1. Introduction  

 
The Survey Management System began operation in 2008 and is the result of a very 
important and hard work undertaken by Statistics Portugal to concieve, integrate, 
modernize and put in practice its own production system. 
The first survey integrated into the Survey Management System was Intrastat. At the 
moment, there are about fifty surveys integrated, corresponding to the majority of 
business surveys and in 2013 all business surveys will be integrated in this system. 
In early 2006, the conception of this system was started by defining its main goals. 
The whole system was designed in-house by a cross-domain workgroup, with a single 
leader appointed by the board of directors, with well defined deadlines and common 
goals. 
Before describing the system itself, it is important to discuss the triggers (reasons) that 
made us realise we actually needed an integrated system and were confident we could do 
it. A presentation of the system and its subsystems follows. Finally, culminating with a 



global evaluation on the work done, some considerations on the lessons learned and a 
brief glance at what is planned for the future. 
 
 
2. The triggers - Background and context 
 
Survey management in Statistics Portugal has been, for many years, defined and 
documented in a process called “Statistical Production Process Manual” (SPPM). All 
participants involved in statistical production must act according to roles and 
responsibilities described in this manual. However, different domains work in slightly 
different ways and the implementation of the processes defined in the manual takes 
different forms depending on the “spirit”, “tradition” and needs. So, Statistics Portugal 
had a traditional stovepipe approach with multiple vertical and compartmentalized 
requirements. 
In terms of software development to support this work model, the same route was 
followed, and distinct systems were put in place for each statistical domain. The software 
was developed according to the mindset of the specific people who were going to use it. 
This work model, when dealing with surveys on business statistical units, starts by 
creating a population which is fetched and frozen from the Business Register (FUE) to be 
used for one year. 
FUE gets updated with fresher information via administrative and other sources, while 
the population doesn’t change. 
From the population, a sampling frame and sample are derived for each survey. Samples 
are handed as a file to the production team responsible for that survey, who inserts them 
in the specific user software. 
Once the sample is on the specific software, business statistical units are updated locally 
over time. 
To further illustrate, suppose the same business gets selected for two surveys (in the same 
time period). During data collection, data about that business may be updated in each 
survey. This results in redundancy and possibly incoherence. 
In the end of the data collection process, a file is created with the business data gathered. 
This file is then sent to the FUE’s responsible, so it may be used to update business 
statistical units. 
Updating FUE is a difficult task when dealing with redundant, possibly incoherent and 
late data. To make matters worse, context data (paradata) is missing. It’s very hard and 
time-consuming to choose the right data to merge into FUE. 
Production users tend to disfavour FUE data and use their own updated version, 
furthermore, they tend to neglect the work of sending fresh data to FUE as they don’t 
recognize any advantage in doing so, leading to even more outdated data in the main FUE 
repository. 
Next year’s population will be of lesser quality than it would be if the above mentioned 
problems could be avoided. 
Since production experts were used to work in “their way”, it was hard to get everyone to 
see beyond the horizon of their specific needs and goals and to think together to achieve a 
higher, more efficient goal. 



In face of this “compartmentalized” environment, the information architecture used in 
Statistics Portugal was a pool of small disparate information systems that didn’t “talk” to 
each other. Another shortcoming was that the “information architecture” was not geared 
towards information but instead, towards the roles people have in the processes. 
Statistics Portugal wasn’t ready to meet the requirements society demanded: 
• Businesses (data providers) complained that information they sent, more than once, 

was being discarded; 
• Businesses (data providers) complained they were being asked too often to answer to 

an excessive number of surveys; 
• It was impossible to have an accurate measure of the statistical burden on businesses, 

and attention to reduce statistical burden has been gaining relevance lately; 
• The same task done by different people had different requirements and outcomes. 
Change was unavoidable! 
Statistics Portugal had to come up with new solutions that would fully answer the new 
demands presented. 
The required change was too big and complex to be carried out all at once. 
Statistics Portugal was aware of the difficulties inherent to big changes. Many people are 
afraid of change, afraid of being rendered useless, afraid of losing control, afraid of 
losing power within the organization, and finally, others simply don’t see the need for it. 
The urge to solve the redundancy, inconsistency and lack of freshness of business 
statistical units data was unbearable. 
The answer came through a “window”! 
Integration was done in a “non-intrusive” way, by giving users the perception that user 
applications were completely decoupled. To accomplish that, a “window” was created 
which allowed any user application to “peek” at FUE and interact (access and update) 
with it, ensuring the accountability of all changes. 
The FUE “window”, invoked from user applications, provides data about business 
identification, localization, characterization and control (time and source of last update of 
each attribute). 
Some of the attributes provided by the window, mainly related to identification and 
localization, are updated directly on FUE’s repository. 
The remaining attributes are updated via the submission of update proposals. After 
examination, a FUE expert accepts or rejects the proposal and justifies the decision to the 
proponent. 
Additional control data (paradata) was put in place to allow auditing and attest the 
transparency of the whole process. 
Every time a user application needs some business data (identification, localization...), it 
will get it from FUE repository instead of using their data models. 
New updating rules for business statistical units were set, allowing for all users to access 
and update, resulting in a higher quality FUE. 



 
Figure 1: The FUE “Window” 

 

The FUE “window”: 
• solved the problems of redundancy, 

incoherence and lack of freshness of 
business statistical units data, with 
undisputable gains in the quality of the 
population; 

• proved that integration and interaction 
between systems was possible; 

• helped break the resistance to change 
and allowed to build high hopes for the 
other changes that needed to happen. 

 

Shortly after the FUE “window” was deployed, an organizational restructuring took place 
resulting in the creation of a central Data Collection Department to handle all data 
collection and the creation of three domain production departments (Economics, Social 
and Demographics, and National Accounts). Methods and Information System were 
merged into a single department.  
This reorganization reinforced the need for streamlining the data collection process and 
led to a new SPPM in 2010. A mapping can be established between the new SPPM and 
the Generic Statistical Business Process Model (GSBPM) (Saraiva, P. 2012). 
Summarizing: 
• FUE “window” triggered the collapse of the resistance to change and raised 

expectations on the creation of an integrated informational system in Statistics 
Portugal; 

• Working on being able to “measure the statistical burden” triggered the insight that 
only through integration is it possible to measure and control; 

• The “centralization of roles” triggered the standardization and reengineering of data 
collection process. 

Everything was in place to start the design of an information system architecture from an 
integrated and information-oriented point of view. 
The architecture was outlined, presented, and met with the approval of the board of 
Statistics Portugal, which formed a cross-domain workgroup to design, develop and 
supervise its implementation. 
The active participation of everyone was fundamental, but the commitment from the 
board of directors was paramount in the successful materialization of such a system. 
 
 
3. Survey Management System 
 
The Survey Management System (SIGINQ) is an integrated environment designed to 
attain high-quality statistics production. The main features are: a dynamic population; a 
dynamic and centralized repository of sampling frames and samples that finally allow to 
effectively measure the statistical burden and improving the process of sample design; 



generic and modular software that takes advantage and promotes the standardization and 
reuse of processes. 
To build such a complex system, a divide and conquer technique was used, and the 
system was approached by identifying a set of smaller subsystems. Each was addressed 
individually, keeping in mind the integrated nature of the system intended. 
The system wasn’t built from the ground up. Instead, according to best-practices of 
software engineering, some legacy systems were improved and reused. 
Although a unique integrated information system was designed, responsibility for each of 
its subsystems is distributed by several departments: Production, Methods and Data 
Collection. 

 
Figure 2: SIGINQ subsystems 

 
 
3.1 Business Register 
 
Business Register (FUE) is a Statistical Unit Registers System for businesses. 
FUE repository is refreshed via administrative sources and data from surveys. 
FUE was one of the reused systems. It was modernized to accommodate new statistical 
units related to business – such as Local Unit, Road Vehicle and Periodical. 
The concept of “window” had been a recent major improvement to FUE. 
 
 
3.2 Population and Sample Management 
 
Population and Sample Management System (SIGUA) has an integrated database where 
the annual population for each kind of statistical unit, related to business, can be found. 
Each survey has its own sampling frame and sample, but all the surveys having the same 
kind of statistical unit, have the same annual population. 
Since all sampling frames and samples reside in the same database, burden measurement 
becomes feasible and this measurement greatly influences survey design. 
In SIGUA focus was put on sample design and tracing down the statistical unit life cycle. 
SIGUA has its own update process, independent from FUE. 
The concept of “window” is reused. In data collection management software a “window” 
is available which allows interaction with the SIGUA system: 



• A data collection/production expert updates the statistical unit data by creating a 
change proposal; 

• The proposal life cycle breaks down to: analysis; decision; respond to proponent with 
the result of the proposal. In this cycle, production, FUE and methodology experts are 
involved; 

• If the proposal is accepted, sample, sampling frame and annual population are 
updated. FUE experts may decide to update FUE repository. 

Each statistical unit type is characterized by a set of variables, which can be of two kinds: 
• Up-to-date variable – must always be up-to-date and contains the “current” value; 
• Time-based variable – reporting to a specific period in time and contains the value at 

a given time. These are also known to be characterization variables. 
When accessing up-to-date variables, the value is retrieved from FUE. 
When accessing time-based variables, the value is retrieved from sampling frame 
(SIGUA). 
Identification and localization are up-to-date variables (like name, address…). 
Variables used in stratified sampling are time-based variables (like Statistical 
classification of economic activities-NACE, Nomenclature of territorial units for 
statistics-NUTS, …). 
One variable present in FUE and in SIGUA may be collected in a questionnaire, if so, 
there may be different values for the same variable. 
The system keeps all those variables’ values and the update process allows users to 
update exactly the value they intend to. 
Since a variable can have different values depending on where its value is retrieved from, 
it is very important to understand and internalize this concept, which is represented in 
figure 3. 
 

 
Figure 3: Statistical unit values 

 
This was a ground-breaking improvement with positive implications for survey 
methodology, of leaving “compartmentalized” approach behind and embracing an 
“integrated systems” approach to statistics production. 



 
 
3.3 Respondents Management 
 
Respondents Management System (GRESP) intends to optimize respondent cooperation 
and encourage their participation, following the recent trends on Customer Relationship 
Management (CRM). 
There are two kinds of respondents: 
• WebInq members – respondents who use WebInq (Statistics Portugal internet site 

where respondents can submit their answers); 
• Non WebInq members – respondents that respond to Statistics Portugal by paper. 
All information about respondents is maintained in this system and shared across all 
subsystems. It’s always up-to-date, due to the updating rules defined for respondent data. 
Due to the impact WebInq had in reducing the workload of post-collection team, a brief 
overview of WebInq is in order. 
The Internet service WebInq is in production since 2005 and has currently 55 surveys, 
113 416 registered users and 161 810 registered businesses. The number of valid answers 
submitted in 2012 was 835 770. 
The difference in the number of between registered users and businesses is due to the fact 
that each registered user may submit answers on behalf of one or more businesses. 
 
 
3.4 Data Collection Process Management 
 
Data Collection Process Management (GPAP) is the pivotal system. It receives samples 
from Population and Sample Management System (SIGUA), adds up-to-date statistical 
unit variables from Business Register (FUE) and combines them with respondent’s data 
(GRESP) in order to launch the survey. 
Data collection process has several kinds of operations to be conducted. Some may apply 
to several surveys whilst others may be specific to just one. This requirement was 
addressed by creating standard and harmonized common processes without forgetting an 
area where to include specific processes. 
Each time a new survey enters the “Survey Management System”, an assessment is made 
to determine if there are any specific needs. If so, further analysis takes place to see if 
that specificity can be regarded as a new generic functionality, extending the system’s 
range of available features. This flexibility is achieved through survey parameterization 
and sensible default values. 
For illustration purposes, let’s consider a menu that appears on screen in the software that 
supports GPAP. The survey menu options available respond to parameterization. 
The deliverable from the data collection process is a set of validated microdata. This 
validated microdata is then sent to the data warehouse where it is subject to further 
processing and deeper analysis. 
 
 



3.5 Data Capture and Editing 
 
Data Capture and Editing is supported by two components: Webinq and Webreg. 
Webinq, questionnaires on the web, is the component where respondents submit their 
answers online. 
Webreg is the component which allows data collection teams to post-collect paper-based 
answers (usually sent by traditional mail or fax) or edit answers. 
Data Capture and Editing System is mainly interconnected with GPAP. 
Data capture and editing is a time-consuming activity and critical to data quality. 
Acknowledging its relevance, a new concept was created: “Data Version Stack”. 
 

 
 

Figure 4: Data Version Stack 

 
Data Version Stack has four main rules: 
� Single response for each tuple (survey, 

data reference period, statistical unit); 
� Data editing performs a new response 

version; 
� All versions of the responses are saved; 
� Last version goes to data warehouse. 

 
Data Version Stack allows the survey manager to track changes and ensure data quality. 
 
 
3.6 Call Centre 
 
Call Centre was the last implemented system. It was designed and built after all the other 
pieces were in place and took advantage of all the lessons learned and features available. 
Otherwise, it would have been unthinkable to implement such infrastructure. 
To help survey manager to follow-up with the respondent, Call Centre provides two 
channels: telephone and mail. 
Interactions between Statistics Portugal and respondents are context aware and tracked. 
In business domain, the most useful features are telephone reminders and support to 
respondents. 
 
 
4. Integrate a new survey in the Survey Management System 
 
The first thing to do, when integrating a new survey in the system, is to assure that it 
meets the necessary requirements. 
Once the requirements are met, it’s time to start feeding the various subsystems: 
• Metadata experts have to insert it in the Statistics Portugal Metadata System; 
• Methodology experts have to register data sampling method in Population and 

Sample Management System; 
• IT analysts have to introduce Data Collection Processes parameters. 



The main issue is to identify wherein the survey needs, which ones are common and 
which are specific. Specific needs have to be specified and coded. 
To help prepare specifications, a set of normalized documents and templates was created 
where experts can specify parameters for common processes, as well as describe specific 
processes. This time saving starting point is titled “Guide to integrate surveys in 
SIGINQ” and usually referred to as “the Guide”. 
With the help of “the Guide” and given that all tasks are now simple and standardized, all 
stakeholders have an easier time integrating a survey into SIGINQ. 
 
 
5. Conclusions 
 
Building an integrated information system and all the supporting software for a complex 
system with high organizational impact as this one is a rewarding and exciting task. 
Looking back it was surprising to find that some small and apparently self-contained 
achievements unintentionally triggered big system-wide changes and helped push the 
system forward. 
Building large scale systems in small steps is better than a “big bang” approach. 
Choosing in-house development brought undisputable gains in terms of the project’s cost 
and management. The know-how of an in-house cross-domain team, the full support from 
the board of directors, and the commitment from the leaders of the members of the 
workgroup were crucial during the whole process. 
On the downside, this approach made it hard to accurately define the scope of the system 
and to negotiate changes while sticking to the planned schedule. 
Productivity of software development team increased significantly. This productivity is 
measured by the number of surveys deployed and the time it takes to integrate a new 
survey. 
Productivity also increased in production and data collection as design, specification and 
test tasks were largely reduced. Integration of a regular survey on the system is simply a 
matter of defining parameters, questionnaire design and validation rules. 
Human resource management in Statistics Portugal also benefited in three ways: 
• Reallocate human resources from one survey to another at a fractional cost; 
• In-house training and support time have been greatly reduced; 
• Less risk of single point of failure in human resources. 
This system is a reality, its benefits are tangible and noteworthy, nonetheless there is still 
a long journey ahead in extending, optimizing and handling more and more of the 
statistic production workflow. 
Having an integrated information infrastructure gives us a strong belief that Statistics 
Portugal will be able to respond properly to the future demands of Society. 
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Abstract  
 
Mobile communication and positioning technologies demonstrate great potential as 
survey instruments for tracking individual mobility and travel behaviour by enabling to 
conduct surveys for longer periods and providing more accurate data on the spatial and 
temporal frameworks of travels. Beside these improvements, the utilisation of new 
technologies may reduce respondent burden and the survey cost which should have first-
class impacts on data accuracy and quality. Moreover, the relatively low burden for the 
respondent allows substantially extended survey duration: at least one week with GPS, 
compared to one day with the conventional questionnaire. Anyway a few questions are 
needed for collecting the socio-demographic characteristics of the respondent. Could it be 
also used, without extending it too much, to improve the post-processing of GPS traces, 
especially for the imputation of trip purpose and transport mode?  
We have taken the opportunity of the French National Travel Survey for a first 
nationwide experience with embedding such a "GPS package" in a traditional survey, 
with a sub-sample of approximately 600 voluntary interviewees. 
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1- The French National Travel Survey (FNTS) 
 
Once per decade, the Ministry of Transport and the National Institute of Statistics use to 
conducting a National Household Travel Survey with the scientific support of INRETS. 
It is the data source providing the most transverse and consistent overview of mobility, 
whatever the modes and transport situations of people living in France may be. The 
objective of these surveys is the description of short and long distance trips made by 
households living in France, as well as their access to and use of public and private 
transport means. 
The sample size for daily mobility is 18,632 respondents. Data collection is spread over 
six waves covering 12 months, in order to neutralize the seasonal variations which affect 



mobility. Taking into account the overall length of the interviews (approximately a total 
duration of 115 minutes), the data has been collected in two visits, which makes it 
possible to distribute the GPS receiver at the first visit, and to collect it at the second one. 
For road safety reasons and to avoid an influence of GPS on travel behaviour, it is a 
passive monitoring tool: the respondent has no graphical interface. It has only one button 
(on/off). The respondent has the possibility to skip some trips, if desired for 
confidentiality reasons. In the FNTS, data are recorded every 10 seconds. No data are 
transmitted in real-time: the device is only a datalogger. GPS data are downloaded to the 
interviewer's laptop during the second visit, and deleted inside the GPS unit. A prompted 
recall interview (CAPI-GPS) is then conducted: it contains questions about days with no 
trace and about purpose, transport means and accompanying persons for trips made 
during one day taken at random. 
 
 
2- Elaborating a post-processing software 
 
In Australia, Canada, Switzerland, the Netherlands, etc. several authors have addressed 
the difficulties encountered in analyzing GPS traces. 
Basically, all approaches contain individual modules accounting for: 

• Data filtering, 
• Detection of trips and activities, 
• Mode stage determination, 
• Mode identification, 
• Map-matching. 

Based on the experience of our colleagues, we have designed our own procedures, 
adapted to the dataset recently collected in France. This software yields: 

• A good picture of the sequence of traces, depending on the frequency of 
measurement (every second/10s, the optimum seems to be 3 to 5 seconds), 

• A satisfactory imputation of transport means, especially for walking trips and road 
and rail trips, 

• But greater difficulty in identifying two wheels/car/bus among road modes, 
• No information about drivers/passengers, which would be important for the 

analysis of rate of occupancy; comparing the traces for all members of the 
household doesn't seem enough, since 30% of passenger trips are made using a 
vehicle which doesn't belong to the household; 

• A poor information on purposes/activities derived only from: 
o The identification of "Points of Interest" (POI)  
o The frequency and duration of visits to these points 
 
 

3- What small amount of additional data could be collected for improving data 
processing? 
 
3.1 Days with no record 
 
From the 285 days taken at random for the CAPI-GPS, the reasons given are: 

• Stayed at home: 43% 
• GPS forgotten: 22% 
• Made trips as usual: 17% 
• Don't remember: 18% 



• Total: 100% 
without clear correlations with respondent's characteristics. 
 
3.2. For trip purpose 
 
The address of the main activities can help, not only the location of the residence and 
work/study place, which can be easily detected through the analysis of the frequency and 
time/duration they are visited. But we have to take care of confidentiality issues. 
 
3.3 For trip mode 

 
• Driving license status (for car/motorcycle); 
• Driving habits (always the driver, occasionally, never) e.g. only 10% of car trips 

made by persons driving frequently are made as passengers; 
• Ability to ride a bicycle and habit of doing so, e.g. 78% of trips by bike are made 

by persons using frequently this mode; 
• Season ticket status for Public Transport, e.g. only 2% of trips made by non 

holders are by PT. 
 
From these questions, probabilities could be derived for the use of each transport 
mean, when the algorithm gives an uncertain answer. In many cases, this probability 
can be almost 0 (e.g. driving without a license, unable to ride a bicycle, etc.). 
 
 
4- Conclusions 
 
The ideal solution is, of course, to let the respondent edit his own traces on the 
internet (e.g. Harry Timmermans on the Dutch experience; the validation sub-sample 
in Cincinnati), but the ability to use the internet still introduces a strong selection 
bias for a large scale survey. 
Thus, a short set of easy questions could considerably help for post-processing traces 
collected by GPS: 

• Reasons for days without traces; 
• Addresses for determining activity and trip purpose; 
• Season ticket or driving license status, habits to drive a car or a bicycle and 

zone of residence for improving the imputation of trip mode by probabilistic 
rules. 

 
The following methodologies should be discussed: 
When (before/during/after the survey period) and 
• How (mailback, phone call) to collect this brief information? 
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Logit Model for Modal Split 
Variables Car 

Driver 
Car Passenger Walk Public 

Transport 

Male + * *   

Holds a Driving License +  +  +  *  *  *  * *   

Drives Frequently +  +  *  *  *  *   

Age>15  *  *     

Number of Trips in the same Day  +     

Distance Travelled on the same Day   *  *  
*  

  

Holds a Season Ticket *    +  +  +  

Uses a Bike or Motorcycle     

Live in a Municipality with a high jobs 
Density 

*  *  +  +    

Sources: INSEE - SOeS- ENTD 2007-2008 
(.): Not significantly different from 0 or <0.2 in absolute value (+): significant and 

positive (*): significant and negative 
Remark: Car ownership, "enjoy driving" and obesity have no significant influence. Those 

living in: 
- conurbations make more trips by bike (two wheels?) 

- high population density communities make less trips as car passengers. 



Wolf, J., R. Guensler, S. Washington, and L. Frank. Use of Electronic Travel Diaries and 
Vehicle Instrumentation Packages in the Year 2000: Atlanta Regional Household 
Travel Survey. In Transportation Research Circular E-C026: Personal Travel: The 
Long and Short of It, TRB, National Research Council, Washington, D.C., 2001, pp. 
413–429. 

Zmud, J., and J. Wolf. Identifying the Correlates of Trip Misreporting—Results from the 
California Statewide Household Travel Survey GPS Study. Presented at 10th 
International Conference on Travel Behavior Research, Lucerne, Switzerland, Aug. 
2003. 

 



Exploiting historical registers: Automatic methods for 
coding c19th and c20th cause of death descriptions to 

standard classifications 

Jamie Carson1, Graham Kirby1, Alan Dearle1, Lee Williamson2, 
Eilidh Garrett2,3, Alice Reid3, Chris Dibben2 

1School of Computer Science, University of St Andrews 
e-mail: {jkc25, graham.kirby, alan.dearle}@st-andrews.ac.uk 

2Longitudinal Studies Centre Scotland, University of St Andrews 
e-mail: {lepw, cjld}@st-andrews.ac.uk 

3Department of Geography, University of Cambridge 
e-mail: eilidh.garrett@btinternet.com, alice.reid@geog.cam.ac.uk 

Abstract 

The increasing availability of digitised registration records presents a significant oppor-
tunity for research. Returning to the original records allows researchers to classify de-
scriptions, such as cause of death, to modern medical understandings of illness and dis-
ease, rather than relying on contemporary registrars’ classifications. Linkage of an indi-
vidual’s records together also allows the production of sparse life-course micro-datasets. 
The further linkage of these into family units then presents the possibility of reconstruct-
ing family structures and producing multi-generational studies. We describe work to de-
velop a method for automatically coding to standard classifications the causes of death 
from 8.3 million Scottish death certificates. We have evaluated a range of approaches us-
ing text processing and supervised machine learning, obtaining accuracy from 72%-96% 
on several test sets. We present results and speculate on further development that may be 
needed for classification of the full data set. 
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1.  Introduction 

The increasing availability in many countries of digitised registration records (births, 
marriages and deaths) for the C19th and C20th, and the relative fall in the cost of making 
these records machine readable, presents a significant opportunity for research. With 
many countries moving in the mid C19th to a civil registration system that then often 
consistently recorded information for the next 100-150 years, these records represent a 
significant time-series resource. Returning to the original records allows researchers to 



classify descriptions, such as cause of death, to modern medical understandings of illness 
and disease, rather than relying on contemporary registrars’ classifications. Linkage of an 
individual’s records together also allows the production of sparse life-course micro-
datasets. The further linkage of these life-course micro-datasets into family units then 
presents the possibility of reconstructing family structures and producing multi-
generational studies. This type of data therefore presents the possibility of researching 
important characteristics of both the historic and the modern population, particularly the 
inheritance of various traits and vulnerabilities. 

There are of course significant methodological issues to overcome before this type of data 
can be exploited in the way outlined. This paper describes work being carried out in Scot-
land, to develop a method for automatically processing the 8.3 million causes of death 
recorded on death certificates from 1855 to the present day. These are being made ready 
for analysis by the ‘Digitising Scotland’ project (Dibben, Williamson and Huang, 2012), 
funded by the UK’s Economic and Social Research Council. This project is jointly run by 
the University of St Andrews and National Records of Scotland (Scotland’s national sta-
tistical agency). 

There are two key problems: firstly, how to consistently code cause of death over the en-
tire 150 year period so that researchers can explore changing patterns and trends; and 
secondly, how to automate this process so that the majority of records do not need to be 
manually coded. In this paper we focus on the second of these problems: developing 
methods to automatically classify narrative cause of death descriptions into a fixed set of 
standard classifications. 

2.  Data Sets 

The target data set is, as described, the complete set of all 8.3 million causes of death rec-
orded in Scotland from 1855 to present day. They need to be coded to the ICD-10 classi-
fication (World Health Organization, 1990). Transcription of these records will com-
mence in early 2013, so we do not currently have this data in electronic form. 

For our experiments in automatic classification we used a number of smaller data sets, all 
from the latter half of the C19th, for which we already had cause of death codings pro-
duced by expert historians. The cause of death string in some records contains a single 
cause of death, while in others it includes both primary and contributory factors. In the 
majority of such cases the factor listed first would now be considered the primary factor, 
but this is not universally true. All of the data sets were completely anonymised before 
any processing in our classification experiments. 

Kilmarnock: 23,700 records (with 8,300 unique causes of death) from Kilmarnock, Scot-
land in the period 1861-1901, derived from the ‘Demography of Victorian Scotland’ pro-
ject. See (Reid, Davies and Garrett, 2002; Reid, Garrett, Davies and Blaikie, 2006) for 
more information on the project and for access to the related census records. These rec-
ords are coded into 94 distinct classes. 



Tasmania: 93,000 records (22,000 unique) from Tasmania in the period 1838-1899 
(Gunn and Kippen, 2008). For this data set we have only the set of unique causes; we do 
not know the number of occurrences of each one. These records are coded into 36 distinct 
classes. 

Massachusetts: 47,000 records (13,000 unique) from Massachusetts in the period 1850-
1912, provided by Susan Leonard. See (Leonard, Anderton and Swedlund, 2012) for 
more information on the project and access to tidied forms of the data. These records are 
coded into 170 distinct classes. 

3.  Classification Methods 

We have evaluated several methods for automating coding. For each of the methods we 
contrast our automatic coding against the assumed ‘gold standard’ of the historian coding.  
We explored three approaches: 

• parsing using regular expressions 
• natural language processing 
• machine learning 

3.1 Parsing 

Experiment 1. The idea of this approach is to design, after studying examples of input 
strings and the corresponding actual codings, a simple parser that can extract substrings 
equivalent to the desired coding. Using a regular expression processor, we implemented a 
sequence of transformations, including: 

• discarding multiple causes of death where indicated by numbering 
• discarding parenthesised phrases 
• discarding linking phrases such as ‘and’, ‘from’, ‘due to’, ‘owing to’, etc 
• discarding references to duration of illness 
• replacement of common shorthand forms for illnesses and other medical terms 

Table 1 shows some examples of original narrative phrases from the Kilmarnock data set, 
each with the corresponding hand-coded classification and output from the parser. 



Table 1. Examples of parser output. 
Original Narrative Historian Coding Parser Output 
(cardiac paralysis) diphtheria diphtheria diphtheria 
1 paralysis 2 smallpx paralysis paralysis  
both flu; acute pneu influenza influenza 
injury caused by being run over by 
a railway truck 

injury injury 

1 acute bronchitis 2 brain affection bronchitis acute bronchitis  
1 spitting of blood 2 pneumonia pneumonia spitting of blood  
accident, bronchitis bronchitis accident 
accidental death injury accidental death 
injuries rec by being run over by a 
railway wagon on 18th June 

injury injuries rec by being run 
over by a railway wagon on 

chron otitis media, cerebral menin-
gitis, septic 

other chronic otitis media 

both haematuria; uramic poison kidney and liver disease haematuria 

It can be seen that 4 of the 11 examples were classified correctly by the parser. This is 
not, however, a representative sample of the data set; these examples have been chosen to 
illustrate the effects of the various transformations. 

The example in the last row illustrates a fundamental limitation of this approach. It is in-
capable of producing a classification that contains phrases not appearing in the original—
unless produced by a ‘hard-wired’ shorthand expansion such as that of ‘flu’ in the third 
row. A related issue is that the classifier has no ‘knowledge’ of the set of desired classifi-
cations, and so makes no attempt to map to the best candidate from that set. 

A further methodological limitation is that the approach relies on being able to identify 
sufficient commonality in the phrasing of the cause of death narratives to be able to de-
sign appropriate parsers; this involves a significant degree of manual analysis of the 
source text, and the resulting parsers may not give good results on other data sets. 

3.2 Natural Language Processing 

We investigated the potential for more sophisticated grammatical analysis, and consid-
ered using the OpenNLP toolkit (Apache Software Foundation, 2010) to produce parse 
trees representing the grammatical structure of the cause of death strings. However, we 
were unable to find a straightforward method for mapping such parse trees to the desired 
standard coding. Knowing the grammatical structure was not helpful in identifying any 
link to the standardised coding, since these are essentially ‘term-driven’ with little varia-
tion in grammar. 

3.3 Machine Learning 

When the limitations of the previous approaches became apparent, we turned to investi-
gating the application of supervised machine learning (Mitchell, 1997). This can be char-
acterised as the process of taking a set of training data, consisting of a set of pairs drawn 
from domains X and Y, and constructing a function f that maps from X to Y while mini-



mising error. The function f can then be used to assign an output class to previously un-
seen data. 

Experiment 2. The Mahout machine learning framework (Apache Software Foundation, 
2011) was used to perform classification using three separate learning algorithms: 

• Stochastic Gradient Descent (SGD) (Zhang, 2004) 
• Naive Bayes (Langley, Iba and Thompson, 1992) 
• Complementary Naive Bayes (Rennie, Shih, Teevan and Karger, 2003) 

We separately tested a subset of the Kilmarnock data comprising unique records only. It 
was expected that classification accuracy would be lower on this than on the full data set, 
since the benefit of reinforcement by redundant data in the training set would be lost. The 
purpose was to obtain some indication of the magnitude of this accuracy reduction, since 
in some circumstances only the unique records may be available—as is the case for the 
Tasmania data in this work. 

Experiment 3. We experimented with combining the parser with a machine learning 
classifier, in the hope that some simple cleaning of the input data to the classifier would 
improve its performance. We used the parser to transform the original cause of death de-
scriptions before feeding the results to the SGD classifier. The results were better than 
stand-alone SGD on some data sets, and worse on others. 

Experiment 4. When we compared the individual per-record classification decisions of 
the two-phase classifier described above with those made by the stand-alone SGD classi-
fier, we noticed that the pre-processing had a negative effect in some cases. Since the 
SGD implementation provides a numerical measure of confidence for each classification 
decision, we then used this measure to decide between the classifier with pre-parsing and 
the stand-alone version, on a per-record basis. We trained both versions, used both to 
classify each test record independently, and then picked the decision with the higher con-
fidence value attached. This gave the best results so far. 

Experiment 5. Our next step was to try an ensemble method (Dietterich, 2000) combin-
ing the decisions of multiple machine learning classifiers. We ran each of the three classi-
fiers, plus SGD with pre-processing, and the compound classifier from experiment 4, and 
for each record picked the most popular classification from the resulting five decisions. 

Experiment 6. We now wanted to use confidence measures to decide between machine 
learning classifiers, in a similar style to experiment 4. We used an ensemble containing 
the three core classifiers, plus SGD with pre-processing. The two Bayesian classifiers do 
not, however, generate confidence measures. To address this, we examined the classifica-
tion decisions and confidence levels produced by the SGD classifier in previous experi-
ments, and identified a static confidence threshold value that corresponded approximately 
to a 50% probability of being correct. 

In the experiment we ran both Bayesian classifiers and the SGD classifier both with and 
without pre-processing, on each record. If the higher of the SGD confidence values ex-



ceeded the threshold the corresponding decision was selected. Otherwise the decision of 
one of the Bayesian classifiers was chosen at random. 

Experiment 7. In the final ensemble variation, we generated proxy confidence values for 
the Bayesian classifiers, and then selected the classifier with the highest confidence. Be-
fore the classification tests we ran the Bayesian classifiers over the training set. For each 
class X we recorded the proportion of records classified as X that should in fact have been 
so classified. We could then treat this value as a crude approximation of the probability 
that a classification decision of X would be correct, or after suitable mapping to a differ-
ent scale, a proxy confidence measure. 

4.  Results 

In the following discussion we abbreviate the names of the data sets as: KM-F for the full 
Kilmarnock set; KM-U for the unique Kilmarnock records; TAS-U for the unique Tas-
mania set; and MASS-F for the full Massachusetts set. 

Experiment 1. The parsing classifier developed for the Kilmarnock data was evaluated 
on that data set. Since this classifier did not require training, the entire data set was used 
for testing, and only a single testing run was required. The accuracy obtained was 44%, 
relative to the expert-coded classifications—rather low as expected for reasons previously 
discussed. 

Experiment 2. Table 3 shows the range of accuracies obtained using the various classifi-
ers, with the number of test runs shown in brackets. For each run on each data set, 80% of 
the records were randomly selected as the training set, and the remainder used for testing. 

Table 3. Classification accuracy of machine learning classifiers. 
 KM-U (5) KM-F (5) TAS-U (4) MASS-F (2) 

SGD 22-68% 92-93% 74-85% 19-27%  

Naive Bayes 65-67% 89-90% 77-77% 82-82% 

Complementary Naive Bayes 65-67% 89-90% 77-77% 82-82% 

As expected, classification performance was generally poorer on the unique record data 
sets, leading us to speculate that performance on the Tasmania data might be improved if 
the duplicate records were known. The SGD classifier exhibited much greater variation in 
accuracy between runs than the two Bayesian classifiers, which also appeared to perform 
identically. 

We also evaluated separately the effect of varying the training/testing ratio with the 
unique Kilmarnock records over 4 runs; the resulting accuracies are shown in Table 4. 



Table 4. Classification accuracy of SGD classifier on unique Kilmarnock records us-
ing various proportions for training, and testing on remainder. 
 10% 20% 30% 40% 50% 60% 70% 80% 90% 

SGD 48-
51% 

56-
58% 

59-
61% 

60-
64% 

64-
66% 

63-
67% 

62-
67% 

65-
68% 

66-
68% 

It appears from these results that for the Kilmarnock data set the bulk of the training ben-
efit can be achieved with 20% of the records; further increases in the training set size 
yield only small improvements. This is encouraging with respect to the eventual goal—
classification of millions of initially un-coded records—for which the relevant question is 
‘how small can the training set be while retaining acceptable accuracy?’ We will need to 
be able to estimate this in order to decide how many records need to be (expensively) 
hand-coded at the outset of the main classification activity. 

Experiment 3. Table 5 shows the effect of combining the SGD classifier with version 1 
of the parser classifier. First, the parser was applied to all records in the data set, with 
each result replacing the original cause of death string. The SGD classifier was then used 
to classify the modified strings, using an 80/20 training/testing split as before, over 4 
runs. 

Table 5. Classification accuracy of SGD classifier operating on output from parser. 
 KM-U (5) KM-F (5) TAS-U (4) MASS-F (2) 

SGD with pre-parsing 25-78% 88-93% 65-72% 20-28% 

Experiment 4. Table 6 shows the results of using the confidence measure output by the 
SGD implementation to decide, on a per-record basis, between the alternative classifica-
tions. 

Table 6. Classification accuracy of SGD with confidence-decided pre-processing. 
 KM-U KM-F (5) TAS-U (4) MASS-F (2) 

SGD with confidence-decided 
pre-processing 

26-81% 92-96% 79-88% 20-28% 

Experiment 5. Table 7 shows the results for the ensemble classifier using 5 pre-
processor/classifier combinations, determining the overall classification for each record 
by majority voting. 

Table 7. Classification accuracy using ensemble with majority voting. 
 KM-U KM-F (5) TAS-U (4) MASS-F (2) 

Ensemble with majority voting 30-72% 92-94% 77-85% 23-30% 



Experiment 6. Table 8 shows the results for the ensemble classifier using confidence 
measures, where available, to choose between individual classifiers. 

Table 8. Classification accuracy using ensemble with confidence-decided selection. 
 KM-U KM-F (5) TAS-U (4) MASS-F (2) 

Ensemble with confidence-decided 
selection 

72-84% 95-96% 87-93% 84-84% 

Experiment 7. Table 9 shows the results of the ensemble classifier using confidence 
measures to select between classifiers, with proxy values generated for the Bayesian clas-
sifiers. 

Table 9. Classification accuracy using ensemble with proxy confidence values. 
 KM-U KM-F (5) TAS-U (4) MASS-F (2) 

Ensemble with proxy confidence 
values 

67-71% 93-94% 83-86% 81-81% 

5.  Conclusions 

Table 10 summarises the performance of the best classifier for each of the data sets. The 
right-most column shows the ratio of records to classes for each data set. 

Table 10. Summary of best classifiers for various data sets. 
Data set Accuracy Best classifier Records/class 

KM-U 72-84% Ensemble with confidence-decided selection 71 

KM-F 95-96% Ensemble with confidence-decided selection 252 

TAS-U 87-93% Ensemble with confidence-decided selection 611 

MASS-F 84-84% Ensemble with confidence-decided selection 276 

As expected, the accuracy achieved for the unique Kilmarnock records was significantly 
worse than that for the full data set. This may be due to the beneficial redundancy in the 
full data set, in terms of training effect, or simply due to the training set being larger for 
the full data set, since the same training/testing ratio was used in all cases. If the latter 
factor is significant, then it might have been a fairer comparison to have fixed the training 
set size for all data sets rather than the ratio. However, the results shown in Table 4 sug-
gest that performance is not particularly strongly affected by training set size. 

The ratio of records to classes in a data set influences the number of examples of each 
class available for training. We had therefore speculated that there might be a correlation 
between this ratio and the achievable accuracy. However, there appears to be no evidence 
of such a link. 



The ensemble with confidence-decided selection (experiment 6) gave the best perfor-
mance for all data sets, taking both accuracy and consistency into account. Therefore this 
appears to be the most promising approach. 

Looking ahead to the task of classifying the full Scottish data set, we will conduct a simi-
lar exercise on a sample of the records as they become available, in order to decide which 
classification approach should be employed. Even before this, we plan several follow-up 
experiments to those already performed: 

• We will perform a manual analysis of the incorrectly classified records, looking 
for any common patterns that might be candidates for special cases being added to 
the pre-processor. 

• We will investigate whether the classifiers could be applied, in a later phase, to 
the problem of identifying records likely to have been incorrectly classified—in 
which case a secondary classification process could be performed to prioritise cer-
tain records for manual checking. 

• We will repeat the main experiments on a data set containing 200,000 modern 
death records that are already coded to ICD-10. We expect that classification ac-
curacy may be better for these, since we expect modern narrative descriptions to 
be more tightly focused and to exhibit less variation. 

• Using the same data set we will investigate the effect of varying the granularity of 
classification, for example coding to sub-categories of ICD-10. 

• We will investigate the applicability of this work to the classification of occupa-
tions and family names (the problem in the latter case being to code to standard 
spellings). 

Regarding the methodology for performing classification of a given large-scale data set, 
we will investigate the scope for automating: 

• the selection of the most suitable classifier (whether stand-alone or ensemble), 
guided by experiments on samples from the data set; 

• the determination of the minimum size training set then required to be hand-
coded, to achieve a given acceptable level of accuracy. 

In conclusion, the use of machine learning classifiers and ensembles appears to be a po-
tentially promising method for coding large data sets. We are continuing to investigate 
how to raise accuracy, and how to automate the overall process of selecting a classifier, 
deciding training set size, running the classification and validating the results. 
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Abstract  
   

This paper describes a plan to passively collect personal activity-travel information using 
data from smartphones. First, an application that requires the respondent to introduce a 
reduced amount of information will be developed. This information will help to design 
and calibrate several algorithms to process the GPS and accelerometer data obtained. 
Then, a second application which requires a passive role of the respondent (except for its 
installation) will be developed. Using previously calibrated algorithms, it will be possible 
to study travel behaviour patterns of individuals, with emphasis on capturing short 
pedestrian trips.  
 
 
Keywords: Smartphones, GPS and accelerometer data, travel behaviour  
 
 
Acknowledgements: Spanish Ministry of Science and Innovation: Project reference 
TRA2011-27415 
 
 
1. Introduction  
    

Conventional paper-based methods for collecting data are often expensive, time 
consuming, have problems of missing trips and the level of accuracy is limited. In 
addition, pedestrian trip data collected is often underreported or inaccurate, and often 
lacks an adequate sample size to provide useful information. In the context of travel 
surveys, GPS devices have become a new tool for collecting travel data. GPS provide 
detailed information of routes and activity allocation in many types of outdoor spaces, 
allowing analysts to monitor quite accurately respondents’ travel behaviour and avoiding 
many of the problems of traditional paper surveys. Principal uses of such technology to 
date have been in the areas of validation of data collected by means of traditional travel 
and activity diaries, but its potential in characterizing travel behaviour is resulting in an 
increasingly number of GPS-based travel surveys.  
 
In spite of all the advantages of using GPS data in travel surveys, signal losses or 
degradation in high-density cities and cold/warm start issues are common problems of 
these GPS devices. Accelerometers are a very useful complementary tool for tracking 
people travel behaviour in places with a weak or even no satellite signal. Since 



accelerometers measure rotational and translatory movements, they are commonly used 
for activity-travel recognition. Currently, all modern mobile phones are embedded with 
various sensors such as GPS and accelerometer. Therefore, the study of people travel 
behavior using smartphones is feasible and likely to increase as such devices continually 
gain prominence in modern society. Recent contributions show initial research on the use 
of smartphones in this area: Manzoni et al. (2011), Deutsch et al., (2012), Nitsche et al. 
(2012), Parlak et al. (2012), Stenneth et al (2011, 2012), Fan, Y. et al. (2013).  
 
This paper presents an on-going research with the aim to provide recommendations for 
enhancing survey methods and instruments to better capture personal travel behaviour. 
By means of a passive activity-travel survey using records from smartphones’ GPS and 
accelerometer, and the development of appropriate algorithms for automatically 
processing the output data, the estimation of individual’s mobility patterns will be 
achievable. Travel behaviour characteristics to be estimated include: starting times and 
duration of activities and travels; transport modes for each trip leg and trip chains; and 
activity type classification. 
 
At present, a small sample of individuals is providing us detailed information about their 
travels and activities through their smartphones in the city of Valencia. This information 
is being used to calibrate algorithms to identify trips and transport modes characteristics 
from the GPS and accelerometer data (gyroscope and compass data as well, where 
available). In a few months, a second sample of respondents from the city of Valencia 
will participate in a completely passive activity-travel survey using smartphones. Then, 
the GPS and accelerometer data collected using smartphones will be analyzed 
implementing the selected algorithms to obtain detailed information about individual’s 
travel behaviour.  
 
 
2. Data collection methodology  
 
A data logging application has been developed in Android. It acquires data from the 
accelerometer of the smartphone, and synchronizes this data with the available location 
and speed information provided by the GPS. In addition, the phone calculates its position 
based on the available GSM Cell Ids and WLAN cells when the GPS signal is lost. The 
GPS records data at a sampling frequency of 10-12 seconds, as higher epoch rates lead to 
great battery consumption and lower epoch rates are insufficient for pedestrian tracking. 
In addition to each GPS record, information about the accuracy of the signal is stored, as 
the number of satellites in view and other parameters available. The GPS and 
accelerometer information is continuously stored in the smartphone, and it is periodically 
sent to a server using Internet connection and then deleted from the smartphone’s 
memory.  
 
The user interface of the smartphone’s application to collect travel data was designed to 
be as simple as possible. The data collection application runs as a background task, and it 
is designed neither to distract users in their daily phone activities nor cause any 
limitations of the phone performance.  



 
As probe data is necessary to calibrate and validate the algorithms for detecting starting 
times and duration of travels and activities, transport modes, and activity types, a first 
version of the data logging application was developed to obtain ground truth data from a 
small sample of respondents (Figure 1). This group of respondents has downloaded this 
version of the application to their smartphones; obviously, smartphones should be 
Android-based embedded with assisted-GPS and a triaxial accelerometer. Participants are 
instructed to manually register every single trip undertaken in outdoor public areas 
independently of the trip length, providing the following data to train the algorithms: 
when starting a trip, participants are instructed to thoroughly select the travel mode 
chosen (walk, bicycle, motorcycle, car, bus, electric tramway, metro, train, or wait if 
participant is transferring between transport modes) and, once the trip is finished, 
respondents have to end it in the application and to choose the main type of activity to be 
undertaken (to go home, work/study, have lunch/dinner, shopping, leisure time - sports, 
cinema, theatre, etc. -  services - hairdresser, doctor, etc. -,  pick up someone or other type 
of activity).   
 
Participants are being selected considering the transport mode they usually utilize. The 
objective is to get sample data as varied as possible in terms of transport modes used. We 
are considering that more information may be necessary to be collected for those 
transport modes easily misclassified by the algorithms.   
 
Tracks can be visualized on a Google Maps-based website. This website can be helpful to 
evaluate the quality of the data obtained from the GPS and to test the results of the 
algorithm to remove outliers from the data. In addition, it can help to estimate timing and 
duration of activities and travels (Figure 2). 



              

               

 

Figure 1: Active version of the application  

 



 

 

 

 

Figure 2: Examples of routes from the active version of the application as visualized 
on the website 



3. Data processing  
 
As the amount of data generated by the GPS and accelerometer is very large, the 
development of a methodology to automatically process the output data is essential to 
avoid time consuming. Thus, algorithms to automatically reconstruct individual trips 
including the mode choice are being developed. First, the models being developed 
identify starting times and duration of trips. Second, for each detected trip, the travel 
mode inference recognizes whether the user is stationary, walking, running, biking or in 
motorized transport (bus, tram, metro or train). 
 
The method developed to date involves filtering the data and extracting suitable features, 
using statistical models to calculate probabilistic classifications and finally, 
reconstructing the most likely sequence of transport modes used. Each of these steps is 
explained in more detail in this section. 
 
In the first step, the information is thoroughly cleaned and smoothed to identify erroneous 
data points and delete them. The number of satellites in view and the Horizontal Dilution 
of Precision Value (HDOP) are fairly efficient in determining systematic errors: all data 
points with too few (less than three) satellites in view and/or a value of HDOP of five or 
greater are removed. 
 
In the second step, periods of activity (stops) and trips (periods of motion) are 
determined. Stops are defined as moving slower than 0.5 m/s for a period of 120 seconds. 
The second criteria to detect activities is based on point density or so-called bundle of 
GPS points (Stopher et al., 2005), a bundle is a sequence of GPS points positioned very 
close to each other. Each of the two criteria is used individually to determine potential 
activity start and potential activity end points. For stop detection and separation of the 
distinct phases of the trajectory when the GPS signal is weak, activities are detected by 
means of the accelerometer. As most pedestrian trips are short, GPS signal often fails to 
capture the complete walking trip. In these cases, the accelerometer data and the 
implementation of the map matching algorithms are helpful resources to reconstruct these 
short journeys. 
 
Third, different features are extracted from the GPS and accelerometer signals with a 
sliding window technique. A size of the time window is chosen as the period of 
classification, nevertheless, this size is continuously adapted to be large enough to 
provide meaningful information about the transport mode. Features of the GPS signal to 
be extracted include: variance of latitude and longitude values, speed and acceleration 
statistics. To remove the redundant features from the feature set that do not provide 
additional information, the Correlation-based Feature Selection Method is considered, 
allowing the identification of the most useful feature subset. 
 
Similarly, accelerometer features are extracted from the acceleration signal. Various 
features including the mean, variance and frequency domain features (the sum of Fourier 
transform coefficients at several subbands, energy, etc.) are extracted from the 
acceleration magnitude signal and by applying the Correlation-based Feature Selection 



Method algorithm on the set of accelerometer features, the optimal feature subset is 
obtained.  
 
Once selected the useful accelerometer and GPS-based features, a feature vector 
extracted within a time window is formed with both of these features. In the classification 
step, the feature vector is passed to a classifier to infer the corresponding transport mode.   
 
Next step involves the classification of the feature vectors into transport modes. As other 
studies have shown, the Decision Tree-based classification is a simple and effective 
system for identifying transport modes. In this step, about 75 percent of the ground truth 
data is used to train the models and the remaining 25 percent as a test set for evaluation. 
After the classifier, the resulting sequence of classifications may show unreasonably trip 
chains or short periods of using one mode before changing to another. To remove these 
short term transitions, transition probabilities are estimated from the distribution of the 
time between mode changes in the training data and the Viterbi algorithm or a Hidden 
Markov model is applied on the classification output to identify the most likely sequence 
of classifications. 
 
Later, transport mode determination performance of the model is evaluated in terms of 
classification accuracy. The confusion matrix is calculated for the complete test set to 
identify the percentage of predicted class labels with respect to the actual class. 
 
 
4. On-going and future work 
 
Several algorithms will be trained and tested in the next months, including more refined 
algorithms. A comparative analysis of results of each algorithm will be carried 
considering prediction accuracy, computer processing time and the number of pedestrian 
trips detected. Special attention will be given to the ability of the map matching algorithm 
and the usefulness of the accelerometer data in reconstructing missed walking trips.   
 
As the quality of the data collected varies to a great extent depending on the smartphone 
type and the Android version, several tests are being carried out using different 
smartphone models and version of the operating system. In this respect, latest Android 
versions are having compatibility problems with GPS receivers. On the other hand, 
Samsung smartphones collect, in general, better GPS data than other smartphone types. 
 
A second version of the smartphone application has been developed to collect passive 
travel data to a sample of about 1.000 respondents in the city of Valencia. This sample 
will be carefully selected to be representative in terms of their socio-demographic 
characteristics and the transport modes used. As there might be a problem of participation 
bias towards younger people or smartphones users with a personal technical interest, 
special incentives will be considered to be given to the underrepresented groups to 
increase their participation. 
 



In this version of the application, GPS and accelerometer data (gyroscope and compass 
data as well, where available) is automatically collected from respondents’ smartphones 
without requiring manual entries or efforts from them by using a passive travel survey 
collection method. Respondents participating in the survey will download the second 
version of the application to their smartphones and will be instructed to use the 
application during one week period, turning it on before leaving home in the morning and 
turning it off when coming home at night. Data collected will be analysed using the 
algorithm previously selected to characterize mobility patterns and travel behaviour of 
Valencia’s citizens. 
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Abstract 
 

The main purpose of the study is to examine whether dwelling price can serve as an 
indicator of the socio-economic level of various geographic units, while using the socio-
economic cluster (SEC) calculated by the Central Bureau of Statistics (CBS). The study 
also examines the effects of demographic and social factors not included in the SEC 
calculations, on the level of dwelling prices in aggregated geographic units. The study is 
based on an integrated administrative database. A dwelling price ranking was constructed 
for the designated estimation areas, which was compared with the socio-economic 
cluster. The study findings indicate a strong positive correlation between the socio-
economic cluster of the locality/region and dwelling price ranking, with the trends for 
change over time similar for both indices. An analysis using econometric models makes it 
possible to identify exogenous factors in the socio-economic index, which have a 
significant influence. 
 
 
Keywords: housing value, residential area, clustering 
 
 
1. Introduction 
 
The current study has two main goals: 1) to examine if dwelling prices can serve as 
indicators of the socio-economic level of the various geographic units; 2) to examine the 
extent of the influence of social and demographic characteristics not included in the SEC 
calculations, on the level of housing prices in a given geographic area. Based on this 
analysis, conclusions can be drawn regarding the possibilities for imputation of missing 
SEC values. To achieve the first goal, geographic areas in Israel were graded according to 
their dwelling price ranking (DPR), and compared with the SEC. To achieve the second 
goal, econometric models were estimated. 
 
1.1. Dwelling price in light of socio-economic level characteristics 
 
The price of a residential property on the free market reflects the willingness of the 
purchaser to pay not only for the property itself, but also for a specific residential 
environment – in other words, for “social space” quality (Reed, 2001). 
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Research findings from around the world testify to the range of factors which reflect the 
socio-economic essence of a residential area, the most important of which are income, 
education, employment, and the demographic characteristics of the population living in a 
particular geographic area. Earlier studies show a significant positive link between the 
three major factors characterizing the residential area’s socio-economic level – income, 
education and employment, and the price of dwellings (Heikkila, 1992; Potepan, 1996; 
Goodman & Thibodeau, 1998; Greenberg, 1999; Des Rosiers et al., 2002; Yates, 2002). 
Income is considered the primary factor (Ozanne & Thibodeau, 1983; Malpezzi et al., 
1998). Those with relatively high incomes choose their residential area in an attempt to 
avoid neighbors with a low socio-economic status. The popular viewpoint considers 
social problems, such as crime, drug use, and the neighborhood’s economic decline 
resulting in neglected buildings – as all being directly linked to neighborhoods 
characterized by a high proportion of unemployed, and low levels of education and 
income (Harris, 1999). The study by Kahn et al. (2001) examined the influence of 
education – as one of the dimensions of the socio-economic level of residents of various 
neighborhoods in the city of Philadelphia – on the price of residential dwellings in those 
neighborhoods. The study findings show a premium of approximately 21% for dwelling 
prices, with every 10% rise in the proportion of adults with post-high school education. 
Aside from the aforementioned factors that characterize the socio-economic space and 
impact property value, the relevant literature has examined the influence of the 
demographic characteristics of residents, such as age and marital status, on dwelling 
prices in that neighborhood (Myers, 1990; Heikkila, 1992). There are studies indicating 
that ethnic composition and personal security in a residential environment have also 
entered the “circle of players” which shape the socio-economic space and, as a result, the 
value of dwellings (Thaler, 1978; Dubin & Goodman, 1982; Buck et al., 1991; Kiel & 
Zabel, 1996; Harris, 1999). For example, Harris (1999) found that dwelling values 
decline by an average of 16% when the rate of the Afro-American population exceeds 
10% in a neighborhood, and ranges between 10%-60%; with a far more dramatic fall in 
prices linked to an Afro-American population of over 60% of the neighborhood residents. 
According to this study, the explanation is not necessarily ethnic preference, but is linked 
to a greater extent to the social problems tied with the socio-economic status of the Afro-
American population, which is usually lower. 
A strong link between the factors expressing the socio-economic structure of the 
residential area and the price of dwellings, serves as a theoretical base for the premise 
behind this study: the price of dwellings in a specific geographic unit can serve as an 
aggregate indicator of the socio-economic level in that unit. 
 
1.2. The socio-economic index and the socio-economic cluster 
 
In order to characterize and document the socio-economic profile of various geographic 
units, it is common practice to use aggregated indices to convey their socio-economic 
content in the official statistics of various countries (for example, the bureaus of statistics 
in England, Australia, and New Zealand). A socio-economic index (SEI) has been 
developed at the CBS based on the following 14 variables: (1) demographic 
characteristics (dependency ratio, median age, percentage of families with four or more 
children); (2) education and schooling (percentage of the students studying for a 
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bachelor’s or higher degree, percentage eligible for a matriculation certificate); (3) 
standard of living (level of motorization, percentage of new motor vehicles, average 
income per capita); (4) labor force properties (percentage of job seekers, percentage of 
salaried workers and self-employed persons earning up to minimum wage, percentage of 
salaried workers earning more than twice the average salary); (5) support/pension 
(percentage receiving unemployment benefits, percentage receiving income supplements; 
percentage receiving old age pensions with income supplements). SEI is calculated by 
principal component analysis. The local authorities are then divided into 10 SECs, with 
Cluster 1 including authorities with the lowest socio-economic level, and Cluster 10 
including authorities with the highest socio-economic level. It should be stressed that the 
price of housing is not included in these variables. 
 
2. Data and definitions 
 
The study is based on files of dwelling transactions in the housing market in 2001 and 
2003, obtained from the Israel Tax Authority. In total, the basic file from 2001 included 
60,851 transactions, and the file from 2003 included 57,223 transactions. To ensure the 
validity and robustness of the study results, outliers were excluded from the variable 
which served as the basis for creating the DPR – the natural logarithm for the price per 
square meter. Using this variable, we neutralize the effect of apartment size, the main 
variable which explains differences in dwelling prices, and represent as far as possible the 
market value of the property at the aggregate level of a given geographic unit. 
Defining the geographic units for which the DPR was created (henceforth: estimation 
areas) stemmed from the following reasons: (1) the number of housing units provides the 
supply of dwellings for sale on the local housing market; (2) there were an sufficient 
number of transactions to represent the price level in the housing market for that unit (at 
least 15 in the current study); (3) housing market, as far as possible, is homogeneous with 
regard to prices; (4) the localities are scattered throughout the expanse in a manner which 
permits defining them as approximately belonging to a common housing market. With 
these reasons in mind, some localities were defined as estimation areas in themselves (57 
in 2001, and 59 in 2003), while other localities were combined together in aggregated 
estimation areas (40 and 41, respectively).  
In order to examine additional factors which can influence dwelling prices in the locality/ 
estimation area, but were not included in the SEC calculation, the following 
administrative databases were used: the Population Registry, the “Level of Religiosity” 
file, crime database, terror incidents data and spatial information regarding the location of 
the estimation areas relative to the center of the country. 
 
3. Creating a dwelling price ranking 
 
The estimation areas were divided into ten levels according to “the median of the 
(logarithm) price per square meter in the area”, and a ranking according to DPR was thus 
created, alongside the SEC index. The areas where dwelling prices are the lowest were 
ranked as Level 1 (price ranking = 1), while the areas with the highest dwelling prices 
were ranked as Level 10 (price ranking = 10). Clustering by median was chosen for 
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reasons of robustness. Table 1 presents the degree of correspondence between the two 
indices for 2003. 
 

Table 1: The Socio-Economic Cluster vs. the Dwelling Price Ranking, 2003 

DPR The Socio-economic Cluster Total 
1 2 3 4 5 6 7 8 9 10 

1 - 1 4 5 - - - - - - 10 
2 - - - 3 7 - - - - - 10 
3 - - - 4 4 2 - - - - 10 
4 - - - 4 3 3 - - - - 10 
5 - 1 1 1 6 1 - - - - 10 
6 - - - 1 - 6 2 1 - - 10 
7 - - - - 1 4 4 1 - - 10 
8 - - - - 1 4 3 1 1 - 10 
9 - 1 - 1 - - 6 2 - - 10 
10 - - - - - - - 8 2 - 10 

Total - 3 5 19 22 20 15 13 3 - 100 
 
It should be noted that similar results were obtained in 2001, with Spearman’s correlation 
coefficient of 0.76 for 2001 (based on 97 estimation areas) and 0.78 for 2003 (based on 
100 estimation areas). In Table 1, the digit in each square indicates the number of 
estimation areas with DPR and the SEC as they appear in the rows and columns, 
respectively. The cases in which both these rankings are identical appear in bold print; 
there is an exact correspondence between the SEC and the DPR for 21 estimation areas. 
From the examination results, it can be concluded that the most obvious lack of 
correspondence between the SEC and the DPR is characteristic for estimation areas 
where the SEC is low or low-medium, although these areas are few. The gap between the 
SEC and DPR for most estimation areas (61 out of 100), is within a ±2 range. Regarding 
areas where the gap between SEC and the DPR is greater than 2, it was found that areas 
with a DPR higher than the SEC are mainly situated close to the center of the country. 
Estimation areas where the DPR is lower than the SEC are located in the more peripheral 
areas. This finding indicates the spatial aspect contained in the correlation between the 
SEC and DPR.  
For the estimation areas with a low-medium SEC and medium (3-5), there was mainly a 
trend of a negative difference (in most cases the DPR was lower than the SEC). However, 
regarding the estimation areas in which the SEC is medium-high to high (6-9), the DPR is 
usually higher than the SEC. It can also be seen that the degree of correspondence 
between the two indices grows with the rise in the SEC scale of the estimation areas. 
From the close linkage between these two indices, the SEC and DPR, in 2001 and 2003, 
it emerges that the developments over time in both of these indices correspond, with 
Spearman’s correlation coefficient being 0.86. An insignificant difference (up to 3) 
characterizes, in particular, those estimation areas where the DPR was lower than the 
SEC. Greater differences (5 and 6) relate to the estimation areas where the DPR is higher 
than the SEC.  
It can be concluded that the DPR can serve as an indicator of socio-economic level for 
most geographic areas in Israel. This finding expresses the existence of an endogenous 
effect between the socio-economic level and dwelling price ranking. Likewise, a gap 
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exists between the two indices, and it is therefore reasonable to assume that there are 
other factors influencing dwelling prices.  
 

Table 2: The correlations between DPR and the explanatory variables 

Variables 
2001 2003 

Correlation 
coefficient 

Level of 
significance 

Correlation 
coefficient 

Level of 
significance 

Total population 0.273 0.007 0.271 <0.001 

Number of terror incidents 0.163 0.112 0.184 0.067 
Rate of injured in terror incidents 0.067 0.514 0.069-  0.496 
Rate of killed in terror incidents 0.021 0.838 0.031-  0.759 
Percentage of Jewish population  0.438 <0.001 0.409 <0.001 
Percentage of Orthodox population  0.320-  0.001 0.297-  0.003 
Percentage of ultra-Orthodox 
population  

0.031-  0.768 0.036-  0.719 

Percentage of immigrants from the 
former USSR since 1990 

0.317-  0.002 0.362-  <0.001 

Percentage of Ethiopian immigrants 0.186-  0.068 0.181-  0.073 
Rate of cases of crimes of bodily 
injury*  

0.382-  <0.001 0.478-  <0.001 

Rate of cases of morality crimes  0.196-  0.054 0.353-  <0.001 
Rate of cases of property crimes  0.253 0.012 0.269 0.007 

Rate of cases of crimes against the 
public order 

0.258-  0.011 0.215-  0.032 

Distance from the border of the Tel 
Aviv District 

0.574-  <0.001 0.614-  <0.001 

* Crime rates were calculated per 1,000 residents 

 
In order to explain the above gap, several variables that were not included in the SEI 
were chosen for testing. Table 2 presents the Pearson correlation coefficient between the 
DPR and the selected variables. Table 2 shows that of all the variables that have a 
significant correlation coefficient with DPR, there are three variables characterized by a 
positive correlation with the DPR: the total population in the locality/estimation area, the 
percentage of the Jewish population, and the rate of cases of property crimes. The 
correlation between all the other variables and the price ranking is negative. The 
correlation coefficients between the DPR and the variables characterizing the severity of 
terror incidents, in the year of reference and the year preceding it, are not significant in 
either 2001 or 2003. 
 
4. Econometric models and findings 
 
To estimate the marginal contribution by each of the above factors to the DPR, an 
analysis was carried out using a regression model. The estimation was performed using a 
stepwise selection algorithm for choosing the best model in terms of significance. The 
models were estimated for areas in the Jewish sector only, since the housing market in the 
Arab sector works under different conditions from those in the Jewish one, and some of 
the explanatory variables are irrelevant to the Arab sector (such as the percentage of new 
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immigrants). Distance from the Tel Aviv District was included with the goal of 
addressing the peripherality effect, as Tel Aviv is the biggest metropolitan in Israel. Tests 
for statistical validity of the estimated models were carried out. 
 
4.1. A multinomial logistical model for the dwelling price ranking variable 
 
Multinomial regression model was estimated, with the dependent variable being the 
probability of being in rank i: 
(1)     )...(log)_( 11 εββα +++== kki ZZitiClusterDwellingP  

with 102,..,i,i =α  being the intercepts of the model for rank values 2,…,10 respectively, 

where Rank 1 was chosen to be the basis. In (1), k,...,j,j 1=β  denote the regressive 

coefficients to be estimated, k,...,j,Z j 1=  - the set of explanatory variables and ε   - 

random noise with zero expected value and variance 2σ . 
 

Table 3: Multinomial Models for the “Dwelling Price Ranking” 

Variable 
2001 2003 

Estimate p-value Odds 
Ratio 

Estimate p-value Odds 
Ratio 

Intercept for ranking =10  6.22 -  0.004  --- 13.69-  0.001<   --- 
Intercept for ranking = 9 3.96 -  0.057  --- 11.32-  0.001<   --- 
Intercept for ranking =8  1.71 -  0.406  --- 9.08 -  0.001<   --- 
Intercept for ranking =7  0.13 0.951  --- 7.09 -  0.001  --- 
Intercept for ranking = 6  1.55 0.448  --- 5.42 -  0.010  --- 
Intercept for ranking = 5  2.56 0.211  --- 3.63 -  0.074  --- 
Intercept for ranking =4  3.76 0.068  --- 2.35 -  0.247  --- 
Intercept for ranking =3  5.38 0.010  --- 1.16 -  0.568  --- 
Intercept for ranking =2  7.35 0.001  --- 0.82 0.693  --- 
SEC 0.85 0.001 2.34 1.78 0.001<  5.91 
Rate of killed in terror incidents 0.42 -  0.001 0.65  ---  ---  --- 
Rate of injured in terror 
incidents 

 ---  ---  --- 0.29 -  0.014 0.97 

Percentage of Orthodox 
population (not ultra-Orthodox) 

0.09 -  0.001<  0.91 0.07 -  0.002 0.94 

Percentage of ultra-Orthodox 
population  

0.29 0.081 1.03 0.08 0.001<  1.08 

Percentage of Ethiopian 
immigrants 

0.96 -  0.001<  0.38 0.59 -  0.001<  0.56 

Percentage of immigrants from 
the former USSR since 1990 

0.06 -  0.037 0.95 0.05 -  0.053 0.95 

Distance from Tel Aviv 0.07 -  0.001<  0.93 0.7 -  0.001<  0.93 
Distance from Tel Aviv –
quadratic function 

0.0002 0.001<   --- 0.0002 0.001<   --- 

Total population in the 
estimation area, in tens of 
thousands 

0.08 0.002 1.09 0.10 0.001<  1.10 

Number of observations 91 95 
Percent Concordant 90.2 91.7 
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Table 3 presents the final estimated models for 2001 and 2003, with variables which 
showed a significant effect for at least one of the years. It can be seen that there is a 
positive correlation between the SEC and the probability of appearing in a higher DPR, 
given all the other controlled variables. However, it was found that this influence is 
partially offset as a result of the effect of percentage of the Orthodox population, 
percentage of new immigrants from Ethiopia, and percentage of immigrants from the 
former USSR. In addition, the effect of the distance from Tel Aviv is negative. One 
possible explanation is the negative relation between the distance from the Tel Aviv and 
employment accessibility in the residential area. This influence is non-linear: the rate of 
decline of the effect of distance from the Tel Aviv becoming increasingly smaller, the 
greater the distance from it.  It would seem that this finding reflects the constantly 
decreasing importance of the distance between periphery localities and Tel Aviv as a 
commuting distance, and the ever-increasing influence of other employment centers 
situated in the various periphery towns and cities. It was found that the percentage of the 
ultra-Orthodox population in a geographic region has a positive correlation with the 
dependent variable. This result can be explained by the preference for community 
residence among this population. A negative correlation between the percentage of the 
Orthodox population and the DPR in an area is explained, at least in part, by this sector’s 
preference for living in peripheral regions. The influence of terrorism in a residential area 
was found to be significant and negative during both periods of research.  
Aside from the factors included in model (1), it can be assumed that an additional 
explanation for the probability of appearing in a particular DPR is found in 
macroeconomic variables, such as the regional unemployment rate. At the same time, 
since the estimation equation was defined for a residential area, these variables cannot be 
included in the regression models, since they are not calculated for a large proportion of 
the estimation areas as defined in this study. 
 

Table 4: OLS models on “logarithm of the median dwelling prices in the area” 

Variable 
2001  2003 

Estimate p-value Estimate p-value 
Intercept  8.547 0.001<  8.177 0.001<  
SEC 0.084 0.001<  0.131 0.001<  
Rate of killed in terror incidents 0.027-  0.002  ---  --- 
Percentage of Orthodox population 
(not ultra-Orthodox) 

0.007-  0.001<  0.006-  0.001<  

Percentage of ultra-Orthodox 
population  

0.004 0.001 0.007 0.001<  

Percentage of Ethiopian immigrants 0.059-  0.001<  0.029-  0.015 
Distance from Tel Aviv 0.005-  0.001<  0.005-  0.001<  
Distance from Tel Aviv –quadratic 
function 

0.00001 0.001<  0.00001 0.001<  

Total population in the estimation 
area, in tens of thousands 

0.005 0.009 0.006 0.001<  

Number of observations 91 95 
Adjusted R2 0.83 0.85 
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4.2. OLS model on “logarithm of the median price per square meter”  
 
With the goal of validating the results of model (1), a regression model was estimated for 
the “natural logarithm of the median price per square meter in the estimation area” 
variable which served for constructing the DPR. The dependent variable is continuous 
and approximately normal, justifying use of the OLS model with the same set of 
independent variables as in 4.1. Table 4 shows that, as expected, a positive correlation 
exists between the socio-economic level and the dwelling prices. The average elasticity 
of the dwelling price levels relative to the SEC is 0.468 in 2001 and 0.738 in 2003. This 
result shows that the socio-economic level made a greater contribution to housing price 
levels in 2003 than in 2001. This finding can be explained by macroeconomic influences 
emanating from the world financial recovery, and the security crisis in Israel coming to 
an end during that period. The findings regarding the other explanatory variables are 
similar to those in the previous model.  
 
4.3. Regression Tree Analysis 
 
To examine the factors influencing the dynamics of DPR during 2001-2003, a 
nonparametric regression tree was constructed, with the dependent variable being the 
difference between the DPR in 2003 and the DPR in 2001. The explanatory variables are 
identical to those in model (2), with the addition of the ratio between the SEC of 2003 
and the SEC of 2001. The regression tree method is intended for dividing observations 
into homogeneous groups, according to any dependent variable, relative to several 
explanatory variables. A detailed description of the regression tree methodology and of 
the algorithm for clustering is presented in Breiman et al. (1984).  
In this analysis, there is no need to divide the Jewish sector from the Arab sector because 
of heterogeneity, as was done in the above models.  
 

 
. 
ANOVA: P-Value<0.0001;  ∆ indicates a change between 2001 and 2003 
Figure 1: The regression tree for change in DPR between 2001 and 2003  
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As well, the variables which were removed from the regression model due to 
multicollinearity were also included (percentage of the Jewish population and crime 
variables). In Figure 1, the height of the lines between the split points shows the 
reduction in variance in the group as a result of the division described above, while the 
numerical value in the final leaves shows the average of the dependent variable in those 
leaves.  
For the areas where the percentage of the Jewish population increased by more than 1% 
between 2001 and 2003, the dwelling ranking rose by an average of 2.67 (the “leaf” 
furthest to the right). 
It appears that the dominant factor for a change in the area ranking according to dwelling 
price is a change in the percentage of the Jewish population within the estimation area, 
while an increase in the percentage of Jews causes a significant rise in the DPR. There is 
a correlation between crime data and a change in the DPR: greater number of criminal 
cases against the public order in 2001, and a rise in the number of files of bodily harm 
crimes were observed in areas where price rankings fell. Likewise, an increase in the 
number of ultra-Orthodox Jews in an area, given the percentage of the Jewish population 
and the number of crimes against the public order, has a negative correlation with the 
DPR. This finding demonstrates that, in the short-term, the entry of a disadvantaged 
population does indeed lower housing prices. Given the percentage of the Jewish 
population and the number of crimes against public order, areas with a relatively small 
number of residents (up to 15,000, in the current study these are aggregated areas) are 
more vulnerable to a sharp decline in the DPR than larger areas. 
 
5. Conclusions 
 
The current study examined the question of whether dwelling prices in a given 
geographic area can serve as an indicator of its socio-economic level. The study is based 
on a series of administrative databases covering the entire country. It was found that 
during the study period (2001 and 2003), there was a strong connection between the 
area’s socio-economic cluster and the value of its dwellings, with the correlation 
coefficients almost identical for these two years, ranging between 0.7 and 0.8. Therefore, 
the ranking based on dwelling prices can serve as an indicator of the socio-economic 
level of most geographic areas in Israel. Likewise, a significant correlation was found 
between dwelling prices in a particular area and the percentage of those belonging to 
defined population groups. It was also found that the size of a locality has a positive 
correlation with the level of the dwelling prices there. 
It appears that the effect of the distance from the center of Israel’s economic activity is 
negative, as expected. The effect of terrorism in the area was significant and negative 
during the two periods of research. The probability of a rise in the dwelling price ranking 
between 2001 and 2003 is positively dependent on the gap in the SEC. 
These study findings can serve as a methodological basis for completing missing values 
in the series of socio-economic indices for geographic units in years in which this index 
is not calculated. Imputations of this kind can serve as an important working tool for the 
users of socio-economic index, which promises a continuum of the index series. 
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Abstract  
 
The existence of numerous indicators that seemingly give conflictual information in 
addition to the volatile structure of short term indicators, complicate the medium term 
decision making process for planners and decision makers. When focused on the filtered 
medium term movements in economic indicators, the message retrieved from them 
becomes clearer. With a dynamic graphical presentation, it is easier to interpret the 
conjunctural fluctuations. In this study a methodologically differentiated version of the 
Business Cycle Tracer developed by the Netherlands Central Bureau of Statistics (CBS) 
is presented as “Conjuncture Monitor for Turkey”. Aiming to track the up-to-date 
situation of Turkey’s conjuncture fluctuations, a possible presentation to official statistics 
users with the help of a simple graphical representation can be offered as a basic finding.  
 
 
Keywords: business cycle, signal extraction, monitoring medium term movements  
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1. Motivation and Introduction  
 
Decision makers and academicians usually make use of short term indicators published 
monthly or quarterly to monitor changes in economic structure. However, the volatile 
structure of short term indicators and the existence of too many indicators that seemingly 
give conflictual information complicate the medium term decision making for planners 
and decision makers. 
 
When focused on the conjunctural fluctuations (medium term movements), after filtering 
short term, periodical and irregular movements in economic indicators, the message 
retrieved from the indicators become clearer. With a dynamic graphical presentation, it is 
easier to interpret the conjunctural fluctuations. There are two crucial advantages of 
combining indicators in such system. Firstly it is possible to analyze the individual and 
comparable movements of indicators. The other advantage is enabling to review the 
current situation of the economy on macro level by choosing a determined set of 
indicators. 
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It must be emphasized that the reflection of the effects of changes in conjuncture 
fluctuations on general economic activities will happen with a lag. In this context, 
economic indicators can be classified in three types as lagging, coincident and leading, 
according to their relation type with the conjuncture fluctuation. As the tendencies 
through time and within relations of economic indicators may not be linear, this 
classification is not valid every time but it is considered true in a general sense 
(Zarnowitz, 1987). 
 
Leading indicators give an early warning of approaching developments. But, some 
movements may be misleading since all the movements seen in leading indicators are not 
connected to conjuncture fluctuations. Coincident indicators show which tendency is 
currently continuing in the economy. However, in situations when there are delays in the 
stages of computation and publishing, it may cause retardation to track economic 
developments. Lagging indicators generally have more of a steady structure and for this 
reason they are used to make distinction among structural changes and temporary 
fluctuations (Ruth et. al., 2005). 
 
Tools as business cycle tracers or clocks, which serve to show all leading, coincident and 
lagging indicators in a single platform, have been used by international organizations like 
Eurostat and OECD as well as national statistical institutions such as Germany, 
Netherlands, Mexico and Korea. Most of these institutions employ nonparametric 
methods such as the classical Hodrick-Prescott filter or frequency based Christiano-
Fitzgerald (Christiano and Fitzgerald, 1998, 1999) approach (Eurostat, 2003, Nilsson and 
Gyomai, 2008, Lee, et.al., 2010, Destatis, 2008, Ruth, et.al., 2005) instead of model 
based techniques to extract business cycle component.  
 
“Conjuncture Monitor for Turkey” which is presented in this study has two purposes 
basically. These are; 
• To assist the analysis of conjuncture fluctuations: It enables examination of the 
changes in any indicator with other indicators, within a group of basic economic 
indicators, in the same graphical representation. Therefore conjunctural fluctuations of 
indicators can be monitored jointly and comparatively. 
• To assist the analysis of official macroeconomic indicators: It enables a clearer 
sight of indicator dynamics by presenting conjunctural components which are easier to 
interpret relative to their unprocessed status and which focus on medium term 
developments. 
 
 
3. Methodology and Findings 
 
There are various methods in the literature to define and measure conjunctural 
fluctuations.  Examining the methods in the literature, a harmonized method based on the 
studies of Hodrick and Prescott (1997), Kaiser and Maravall (2005), Maravall and Rio 
(2007) is chosen.  
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HP filter was suggested firstly in Hodrick and Prescott (1997)’s study and it has been 
widely used in the decomposition of trend and cycle. HP filter is being used with a  � 
parameter which checks the smoothness of series. However, not knowing the lower and 
upper boundaries of the frequencies to be decomposed and the � parameter not having a 
definite period counterpart, are the two disadvantages of this method. HP filter uses the 
model shown in Equation 1. 

 �� = �� + �� Equation 1 

According to this model series include only the trend cycle components and the ratio of 
variances of �� and �� components are assumed equal to � parameter. With a larger � it is 
possible to have a smoother trend. In the literature for monthly series �=14400 and for 
quarterly series �=1600.  
 
As a measure for the smoothness of trend component Hodrick and Prescott (1997) 
considers the square sum of the second degree differences of ��. The authors also 
suggested that cycle is the deviation from the trend component and for this reason long 
term average must equal zero. Trend and cycle components are estimated by solving the 
minimization problem in Equation 2. 
 

 �	
�������
�

���
+ ������ − ����� − ����� − �������

�

���
 Equation 2 

          
Kaiser and Maravall (2005) and Maravall and Rio (2007) studies have shown that trend 
and cycle components could be retrieved separately by reconstructing the classical 
Hodrick-Prescott method into a model based structure. In this approach it is claimed that 
trend and cycle components can be represented with different ARIMA models and the 
structure of these models can be derived from the ARIMA models determined for the 
trend-cycle components in the SEATS phase. Another specification of this approach is 
the definability of the � parameter, which is used in the classical HP filter, as a function 
dependent on the period of cycle. Thus, instead of a � parameter that is hard to interpret 
economically, a � parameter, which is easy to interpret and shows the approximate 
completing time of a cycle, is defined.  
 
According to our approach, an observed and linearized time series is assumed to consist 
of 4 unobserved components (Equation 3). 

 �� = �� + �� + �� + �� Equation 3 

In Equation 3, as �� symbolizes the observed and linearized series, �� , ��, �� and �� 
represent long term trend, cycle, seasonal and irregular component respectively. For the 
sake of notation simplicity additive decomposition is assumed.  This relationship can also 
be shown in multiplicative form assuming �� series can be represented with a seasonal 
ARIMA model (Equation 4). 

 �� �∇"∇#$�� = %� �&� Equation 4 
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In Equation 4, r represents the number of observations in a year, B the lag operator, ∇ and ∇#   regular and seasonal difference operators respectively and d and D stands for regular 
and seasonal degree of difference respectively.	�� � represents stationary regular and 
seasonal autoregressive parameters as �� � stands for inversible regular and seasonal 
moving average parameters. &� is the white noise term with zero mean and variance (). 
Following the estimation of the ARIMA model for ��, it is assumed that ��is decomposed 
additively (or multiplicatively) in the form of Equation 5. Here, different than Equation 3,  *� = �� + �� equality is used where *� stands for the summation of trend and cycle 
components. 

 �� = *� + �� + �� Equation 5 

Next, using the model in Equation 4, ARIMA models are defined for all *� , �� and �� 
components one by one (Equations 6 – 8).  

 �+� �∇,�",$�*� = %+� �&+,� &+,�~.. 
. 00, (+2 Equation 6 

 �3� �4�� = %3� �&3,� &3,�~.. 
. �0, (3� Equation 7 

 �5� ��� = %5� �&5,� &3,�~.. 
. �0, (5� Equation 8 

(S= 1+B+B2+B3+...Br-1) defines S, the annual addition operator. As equations 6 – 8 are 
estimated the MSE estimator suggested in Burman (1980) is used. Thus estimators for *� , �� and �� are retrieved in the first phase.  
 
In the second phase using Augmented HP filter suggested in Kaiser and Maravall (2005), *� is decomposed into �� and �� components. This process is carried out firstly by 
transforming � parameter of the classical HP filter into a function dependent on period 
(Maravall and Rio, 2007). After that using Equation 9, a new �6 is determined with a �6 
value (time of completion for one conjuncture phase) which is predefined according to 
economic conditions and/or literature. 

 
�6 = 28

&�9� :1 − 12<�6=
>  

Equation 9 

Making use of the model constructed for *�, two sub ARIMA models are defined for �� 
and �� (Equation 10 and Equation 11). The %?@ parameter is represented with a second 
degree autoregressive structure such as %?@ = �1 + %� + %� ��. %� and %� parameters 
are derived using �6. 
 �?@� �∇,�",$��� = AB� �&B,� &B,�~.. 
. �0, (B� Equation 10 

 �?@� ��� = AC� �∇��,�",$�&C,� &C,�~.. 
. �0, (C� Equation 11 

Above equations (Equation 10 and Equation 11) constructed for �� and �� are estimated 
using the MSE estimator. Afterwards with the Wiener-Kolmogorov filters (Burman, 
1980) formed by using the parameter estimations retrieved from estimating equations            
6 – 8 and 10 – 11, the cycle component �� is derived. 
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Dependent on whether additive or multiplicative decomposition, cycle component 
derived from the series should have the same measurement unit as the cycles of other 
series. In order to provide this the cycle component must be standardized with the 
classical formula in Equation 10. Here as �C represents mean of the cycle component, DC 
stands for the standard deviation of it. 

 4E = �� − �CDC   Equation 12 

There exist differences among the minimum and maximum points of the standardized 
series. Thus when the minimum and maximum values in the y and x quadrants of the 
conjuncture monitor is taken as constant [in our case (-3,+3) for y-axis and (-0.5,+0.5) for 
x-axis], standardized cycle components should be rescaled with another operator. The 
aim is deriving a 4E,F)3�series with a minimum “m” and a maximum “n” from a 4E series 
with a minimum “a” and a maximum “b” without effecting the structure using the 
classical expression in Equation 10. 

 4E,F)3� = G
 −�H − & × 4EJ − �  Equation 13 

One and every t observation point of the standardized and rescaled cycle component is 
placed on the y coordinate axis of the conjuncture monitor quadrant as the difference 
between t and t-1 period is placed on the x-axis covering all the periods.  
 
Conjuncture component is systematically classified into 4 different sequential phases 
(Figure 1). The horizontal axis represents the long term trend and the fluctuation stands 
for the cycle component.  For an indicator, cycle component might move upwards or 
downwards and these movements can be classified as increase or decrease within 
themselves. 4 possible outcomes occur when the phases of cycle movements are 
classified by taking these conditions into account and these are shown in the conjuncture 
monitor quadrant as in Figure 1. The fluctuations of the series on the conjuncture monitor 
will be counter-clockwise. 
 

           

Figure 1: Classification of cycles and phases of cycle fluctuations 
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In the preparation stage of “Conjuncture Monitor” application, some tests have been 
carried out for choosing appropriate indicators. In this study, by analyzing approximately 
50 time series, 15 economic indicators are chosen which are found to be most appropriate 
in representing the conjunctural structure of Turkish economy. Firstly the conjuncture 
components of the series are derived using “TSW+” program. In this paper, it is assumed 
that the average cycle length is 4 years (48 months – 16 quarters). This assumption and 
showing its application can be considered as our contribution. Following that, in order to 
have conjuncture components all with the same frequency, quarterly series are 
transformed into monthly series using Demetra+ program. Therefore determination of 
leading, coincident and lagging relationships between monthly series could be done. 
 
In this study, gross domestic product (quarterly) and industrial production index 
(monthly) are assumed to reflect Turkish Economy’s conjuncture. Using standardized 
conjuncture components in E-Views package program, values of cross correlations of 
these two benchmarked indicators with all of the remaining indicators are computed for 
12 lags and the relationships are analyzed. High correlation value and small lag number 
features played crucial roles in choosing indicators. After evaluating the results of 
analysis, apart from the two main indicators 13 indicators are chosen and transferred to 
Conjuncture Monitor. 
 
According to explained methodology above, Conjuncture Monitor for Turkey is produced 
monthly for the period from 2005 until January 2013 and snapshots have been taken in 
order to show the conjunctural changes for Turkish economy.  
 
At the end of July 2008, most of the indicators (10 out of 15) were in the orange region 
which represents an overall declining economy above the trend (Figure 2). 
 

 
Figure 2: Conjuncture Monitor For Turkey, July 2008 
 
When the situation at the end of November 2008 is examined, it can be seen that most of 
the indicators (10 out of 15) are in the red region. This means that most indicators are 
below their long term average and they still continue to decrease (Figure 3). 
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Figure 3: Conjuncture Monitor For Turkey, November 2008 
 
May 2009 has been a recovery period for the Turkish economy with 10 out of 15 
indicators located in the yellow region. In this period most of the indicators are 
increasing, despite being located below their long term average (Figure 4). 
 

 
Figure 4: Conjuncture Monitor For Turkey, May 2009 
 
Figure 5 shows the general situation of the Turkish economy at the end of January 2011, 
which is in the green region. January 2011 seems to be a booming period for the Turkish 
economy with 13 out of 15 indicators rising above their long term average (Figure 5). 
 
At the end of May 2011, with 12 out of 15 indicators decreasing above their long term 
average, Turkish economy is located in the orange quadrant of the Conjuncture Monitor. 
(Figure 6). 
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Figure 5: Conjuncture Monitor For Turkey, January 2011 
 
 

 
Figure 6: Conjuncture Monitor For Turkey, May 2011 
 
Looking at Figure 7, when the current situation of the Turkish economy is examined it 
can be seen that the indicators are not cumulated in a specific quadrant but instead they 
are mostly cumulated below the trend line (13 out of 15). This implies that Turkish 
economy is operating below its long term average (Figure 7). 
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Figure 7: Conjuncture Monitor For Turkey, January 2013 
 
 
4. Conclusion 
 
In this study, “Conjuncture Monitor” which aims to track the up-to-date situation of 
Turkey’s conjuncture fluctuations is presented. Here it must be emphasized that the main 
purpose is neither structuring a model of whole economy nor determining the reasons of 
conjuncture fluctuations. Conjuncture Monitor is loaded merely with charges of 
supporting short term economic analysis and easing the interpretation of basic economic 
indicators. 
 
With this study it is tried to portray the reflections of global economic crisis on Turkey 
from 2008 until today. It is realized that having been in recession in November 2008, 
Turkey has already left the recovery and expansion stages behind and now displays a 
performance below its potential long term trend. 
 
It is shown that “Conjuncture Monitor for Turkey” has the capability of presenting 
Turkish economy’s conjunctural changes properly. Therefore a possible presentation to 
official statistics users with this system is strongly suggested.  
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Abstract  
 
Data describing business and trade has been continuously collected by national statistical 
institutes. Data collection copes with issues of non-response or late response to surveys. 
Therefore, efforts focused on estimation of missing values are topics which need 
persistent improvements. The paper examines advantages of fuzzy logic and neural 
networks in this field. Neural networks have the ability to implicitly reveal complex 
relationships between input and output variables in large incomplete databases. The 
neural network identifies the most similar class for each entity and this enables the 
imputation of missing values. The fuzzy logic is able to capture statisticians’ knowledge 
which is often expressed by linguistic terms and uncertainties. Fuzzy rules calculate 
similarities between surveyed and estimated values and evaluate process of estimation of 
missing values. Finally, paper discusses possible integration of neural networks and fuzzy 
logic. 
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1. Introduction  

 
National Statistical Institutes (NSIs) collect data from various fields. One example is 
business and trade statistics. When data are collected with questionnaires or interviews, 
some missing data will occur (de Leeuw et al, 2003). This is mainly the consequence of 
reluctance of respondents to participate in surveys (Giesen, 2011). 
 
In our research we have been focused on business and trade statistics, more precisely 
Intrastat survey where data on foreign trade are obtained from companies engaged in the 
intra EU trade. Companies whose trade value exceeded the exemption threshold value are 
obliged to send data about their realised trade to statistical offices. In practice, not all of 



them satisfy this duty. Therefore statistical offices have to estimate the missing values. 
For this purpose algorithms based on classical computation techniques, so-called hard 
computing are commonly used.  
 
In the frame of the Blue-ETS (FP7) project we have among others worked on methods 
for evaluation of missing values by soft computing and to checking the estimated values. 
For estimation of missing values we have used neural networks. Generally, neural 
networks can be useful in the classification of large incomplete datasets (Juriová, 2012). 
For the purpose of evaluation how current algorithms estimate missing values we have 
created a procedure based on the fuzzy logic. Fuzzy rules obtain truth value from the [0, 
1] interval which implies that rules with similar degrees similarly describe data (Branco 
et al, 2005). Construction and handling rules for this purpose is examined in (Hudec, 
2012).  
 
This paper is organised as follows: Section 2 is devoted to estimation of missing values 
by neural networks. Section 3 is focused on evaluation of estimated values by fuzzy 
logic. Section 4 discusses ways of integration of neural networks and fuzzy logic and 
applicability in other areas of official statistics. Finally some conclusion is drawn in 
Section 5. 
 
 
2. Evaluation of non-response data by neural networks 
 
A potential use of neural networks (NNs) for estimating of missing data in Intra EU trade 
(Intrastat) system was tested. The big advantage of NNs is their ability to generalize from 
abstract and this function can be used also for data classification when the borders of 
classes are not exactly defined (Juriová, 2012). However, performance of the NNs is 
mostly dependent on the success of the training process (Kulluk et al., 2012). In our 
research a feed-forward neural network with three layers is used. Feed-forward NNs, 
which are also known as Multi-Layer Perceptrons (MLP), are one of the most popular 
and most widely used NNs models in many practical applications due to their high 
capability to classification and forecasting (e.g. in Aminian, 2006). More on perceptrons 
can be found in (Rojas, 1996) and a simplified depiction of feed-forward neural network 
can be seen at the Figure 1. 
 

 
Figure 1: Feed-forward neural network 



 
In the case of foreign trade statistics non-response data are often occurred. In our research 
data on foreign trade were provided by the Statistical Office of the Slovak Republic (SO 
SR). The database for the purpose of this case study consists of anonymised microdata of 
year 2008 from one detailed Intrastat form – a form for dispatch of goods. The reporting 
duty is set separately for arrivals of goods and for dispatches of goods. The exemption 
threshold is set independently for arrivals and for dispatches of goods. Specifically, it is 
set to 400 000 EUR for dispatches, after reaching this value the company has to fulfil 
declaration. After exceeding simplification threshold of 1 700 000 EUR, the company is 
obliged to give detailed declaration. In this research we use only the data gained from 
detailed declarations on dispatches. Individual business reports contain several items 
characterising their activity. In this experiment only the first reports were regarded, i.e. 
those revised or corrected that were sent later were not included at all. The characteristics 
considered useful were the following 8 items: time period (month), code of goods 
(simplified, i.e. three-digit level), invoiced value, region of dispatch, state of destination, 
delivery terms, nature of transaction, and mode of transport. The usefulness of imputation 
can be seen e.g. for the item Nature of transaction which has nine classes altogether. For 
experimental purposes we have tested the classification into two classes of transaction 
(Kľúčik M., et al, 2012): DOA4 and DOA5 where it can be distinguished between 
Operations with a view to processing under contract (DOA4) and Operations following 
processing under contract (DOA5). 
 
Our proposed and tested neural network has seven inputs, logistic activation function in 
the hidden layer and two outputs. Seven inputs correspond to seven different items 
surveyed in Intrastat system that are available to characterise each statistical report in the 
survey. The logistic activation function was chosen as this function is often successfully 
used in the case of classification into two classification groups. And two outputs stand for 
two classification groups. The number of hidden neurons can be selected according to the 
success of the training process, increasing the number of neurons above a certain level 
does not increase the classification ability of the network. As a searching algorithm a 
scaled conjugate gradients algorithm was used to find a local minimum of the function. 
 
The neural network approach for the purpose of Intrastat data classification is proposed in 
the following steps: dividing data into training and validating parts, allocation of training 
dataset into 2 classes – 1 means that a unit belongs to the class, 0 means that a unit does 
not belong to the class, creating the neural network, training the neural network with 
optimisation algorithm, classification of validating dataset by means of the trained neural 
network. 
 
The output of the neural network is thus the computed probability, with which a certain 
data belongs to classes. The neural network is trained well if the probability for one of the 
classes gets close to 1 which is the maximal credibility. The result of the classification is 
then interpreted as data belongs with computed probability into the particular classes. 
 
The results from the training process are included in the Table 1. The best results were 
obtained with the neural network with 15 neurons and 1000 training cycles. These results 



were gained with the following parameters of used PC: 2 GB RAM, 3.00 GHz processor. 
The time required for NN to train its parameters was approx. 30 minutes for one run of 
NN with 1000 training cycles. The highest probability of inclusion into classes was with 
this neural network gained above 70% for both classes when the number of training 
cycles was 1000. Increasing the number of neurons in the hidden layer or increasing the 
number of training cycles did not result in gaining a better trained network. After the 
network has been trained the best one was used for the classification of the original data 
to verify the proposed classifier. The validating set consists of 2000 units coming from 
the class DOA5. The probability of inclusion into the class DOA5 proved to be 76.8%. 
This confirmed the ability to use the trained network for suggesting the missing values. 
 
Considering the gained results the precision is still not sufficiently high, and there is also 
a problem with the searching algorithm, because results vary quite a lot with each run of 
the proposed network. 
 
Table 1: Evaluation of the training process 

Characteristics of the 
training process 

Type of 
transaction 

Probability of 
inclusion into the 

class (%) 
RMSE*  

10 hidden neurons, 
300 training cycles 

DOA4 59 0.41 
DOA5 46 0.54 

10 hidden neurons, 
400 training cycles 

DOA4 64 0.37 
DOA5 57 0.43 

15 hidden neurons, 
1000 training cycles 

DOA4 71 0.30 
DOA5 77 0.23 

* Root Mean Square Error 
 
The neural network for the purpose of classification was proposed in the Neural network 
toolbox of MatLab software. In this environment the creation of a neural network is very 
effective, as NN tool provides users with a wide range of neural networks with various 
training algorithms, possibility to choose activation function and the number of hidden 
layers and its neurons. 
 
Any introduction of new methods for the purpose of missing values imputation at the 
NSIs needs further research of variance estimation of proposed values. To verify the 
proposed approach in this respect, the fuzzy logic evaluation can be applied, which is 
closely described in the following section. 
 
 
3.  Evaluation of estimated values by fuzzy logic 
 
Data in relational database tables usually contains two parts: data obtained from 
respondents and data estimated due to missing values. Missing values are estimated by 
various algorithms in statistical offices. Usually no further evaluation of estimated values 
is realised. However, the evaluation of whether imputed values have similar properties as 



data received from respondents could reveal how procedures for data imputation are 
working and could mine other valuable information. 
 
One of ways of analysing data is expert rules. A crisp rule is either fully satisfied or fully 
rejected. If a rule is rejected, we are not sure whether the rule is about to be satisfied or 
whether the data are far away from the rule condition. Fuzzy rules are different from crisp 
rules (Rasmussen and Yager, 1997). Firstly, a fuzzy rule has a degree of truth, which is a 
value in the [0, 1] interval. Secondly, we can use linguistic terms like small, medium, 
high and quantifiers most, about half and few among others. This property of fuzzy rules 
makes them appropriate for capturing statisticians’ knowledge which is often better 
expressed by linguistic terms then crisp rules.   
 
For the purpose of our research we could create pair of rules: most (about half, few) of 
responded exports has small (medium, high) number of items (goods) in report and most 
(about half, few) of non-responded exports have small (medium, high) number of items 
(goods) in report and run the rules on two parts of database: collected data and estimated 
data respectively. Results are truth values of rules. If truth values of both rules gravitate 
to each other, then both parts of database have similar properties (data distribution), 
which mean that the current algorithm works properly. The opposite result suggests that 
algorithms should be improved. 
 
 
3.1 Theoretical background 
 
The fuzzy rule is depicted by Qx(Px), where Q denotes a linguistic quantifier (most, 
about half, few...), X ={x} is a universe of disclosure (set of all trades in Intrastat 
database) and P(x) is a predicate corresponding to a rule condition (small number of 
items).  
 
The truth value of a statement is computed by the following equation (Zadrożny and 
Kacprzyk, 2009): 
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where n is the cardinality of X and )(P ixµ  is a membership degree of each involved 

Intrastat record (i=1...n) to the fuzzy predicate (calculated from the membership 
function). Fuzzy predicate can contain one fuzzy set like in the example above or several 
fuzzy sets connected with logical and operators like: small value of trade and high 
amount of dispatched goods.  
 
Membership functions for linguistic terms (fuzzy sets) are calculated from the current 
content of database (Hudec and Sudzina, 2012) using the uniform domain covering 
method (Tudorie, 2008).  Fuzzy sets small, medium and high are presented in Figure 2. L 
and H stand for the lowest and the highest values from the current database content. 
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Figure 2: Fuzzy sets on domain of attribute 

 
The quantifier most can be represented in the following way: 
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where ]1 ,0[, ∈nm and m ≤ n. The quantifier is stronger and closer to the crisp quantifier 
all if n ->1 and m-> n. Quantifier most is shown in Figure 3. More details about 
theoretical background can be found in (Hudec et al, 2012).  
 

 
Figure 3: Adjustment of quantifier most 

 
 
3.2 Case study 
 
For the case study anonymised data on the Intrastat trade were provided by the SO SR. 
Data of Intrastat survey was used for year 2009 from one detailed Intrastat form – a form 
for dispatch of goods. Database contains one attribute which indicates whether the row is 
describing realised trade either collected or estimated. It helps to easier evaluate rules, 
because the structure of database is the same for real and estimated values. 
 
The first kind of rules evaluates single truth value of distribution of selected attribute (e.g. 
number of items in report) for imputed values (non-response) and compares result of the 
same rule for responded data.  
 
An example of created rule is the following:  



most of non responded exports has small number of items in report.  
The truth value of rule is 0.6773.  
 
We applied the same rule on responded data: 
most of responded exports has small number of items in report 
 and have revealed that in this case the rule is satisfied with the value of 0.9313.  
 
The rule for responded data is about to be satisfied with membership degree very close to 
1. If we compare this rule with rule of non-responded data, we reveal significant 
difference in rule satisfaction. We could conclude that distribution is quite different for 
both cases and the current algorithm for estimation should be improved. 
 
The second kind of rule examines distribution of all countries of dispatch in both parts of 
database. Intrastat covers trade among EU countries. It means that currently 26 countries 
appear in Slovak Intrastat database as destinations of goods. Our task is to reveal whether 
distribution of non-responded and therefore estimated values has more or less similar 
distribution like data received from respondents.  
 
Rule is as follows:  
export by countries has high number of reports.   
 
This rule shows us how data for countries to which export is most frequent are 
distributed. Table 2 depicts most frequent export countries from declarations obtained 
from respondents. We have evaluated the same rule for the part of the database that 
consists of estimated data and obtained the result depicted in Table 3. 
 
Table 2: Countries with high number        Table 3: Countries with high number of reports 
                of reports – real data    – estimated data 

Country High number of 
reported trade 

 Country High number of 
estimated trade 

AT 1  AT 1 
CZ 1  CZ 1 
DE 1  DE 1 
HU 1  FR 1 
PL 1  GB 1 
FR 0,9533  HU 1 
IT 0,777  IT 1 
RO 0,3277  PL 1 
SI 0,1222  SI 0,236 
NL 0,0449  ES 0,126 
GB 0,0394  RO 0,0623 
BE 0,0137  
 



Table 2 reveals that the rule is fully satisfied for five countries and partially for another 
seven. If crisp rule were used, countries from FR downward would not be selected even 
FR is about to meet the condition. This relevant information would remain hidden. 
 
At the first glance it is obvious that the algorithm had calculated values with similar 
distribution than obtained from original data. Strength of fuzzy rule is obvious in case of 
FR. We see that FR has a value of 1 (Table 3) and almost 1 (Table 2). In addition, crisp 
case will select FR only for non-response which might lead to the conclusion that the 
used algorithm for estimation values could be improved. Similar discussion holds for IT 
or SI. 
 
We have obtained quite similar conclusions for another two rules:  
export by countries has medium number of reports and export by countries has small 
number of reports.  
 
Tables 2 and 3 bring us useful information for the conclusion that the current algorithm 
properly evaluates missing values for countries of dispatch. More about realization, 
suggested tool and these experiments can be found in (Kľúčik et al, 2012). 
 
 
4. Integration of neural networks with fuzzy logic 
 
In our research we were focused on two parts of non-response data independently 
examined in respective sections 2 and 3. The further research could be directed towards 
integrating these two approaches in deals with non-response problems. In the first step 
neural networks will estimate missing values. In the next step fuzzy rules will evaluate 
estimated values. If significant difference appears then neural networks will be re-trained 
for better estimation.  
 
The second and most demanding way are neuro-fuzzy systems. Membership functions 
obtained in section 3 depends on calculated parameters and changing the parameters will 
change the shape of the membership function. Because of sensitivity of this steps 
(Galindo, 2008), these membership function parameters could be modified automatically 
using adaptive neuro-fuzzy inference systems (Hudec and Vujošević, 2005). 
 
 
5. Conclusion 

 
Approaches for evaluation of non-responses by soft computing could improve the quality 
of collected data and therefore released data by NSIs. Research presented in this paper 
was focused on neural networks and fuzzy logic separately focusing on evaluating of 
advantages for use in data collection analysis of official statistics. The fuzzy logic 
approach has proven its advantages in mining and comparing collected and estimated 
data. The proposed NN proved to be an appropriate tool for estimating of non-responded 
data in trade statistics. An interesting future research work could be integration of neural 
networks and fuzzy logic in field of data collection. 



 
Additional benefits could be obtained in integration of these two approaches. In addition, 
both approaches could be used in different stages of statistical data production. In case of 
fuzzy logic it could be applied in data dissemination. Providing users with tool capable of 
revealing truth values of their imprecise questions on websites could solve more users’ 
demands and therefore improve image of NSIs. In case of neural networks it could be 
applied in stages of data analysis due to high demand of training and validating neural 
network. In any case, these areas are promising for the further research. 
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Abstract 
 
CORE (COmmon Reference Environment) is an environment supporting the definition of statistical 
processes and their automated execution. CORE processes are designed in a standard way, starting 
from available services; specifically, process definition is provided in terms of abstract statistical 
services that can be mapped to specific IT tools. CORE goes in the direction of fostering the sharing 
of tools among NSIs. Indeed, a tool developed by a specific NSI can be wrapped according to 
CORE principles, and thus easily integrated within a statistical process of another NSI. Moreover, 
having a single environment for the execution of entire statistical processes provides a high level of 
automation and a complete reproducibility of processes execution. 
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1. Introduction 
 
National Statistical Institutes (NSIs) produce Official Statistics sharing very similar goals, hence 
several activities related to the production of statistics are common. Nonetheless, such activities are 
currently carried on in an independent way, without relying on shared solutions. 
In the last years, Eurostat financed two ESSnet projects with the objective of promoting a common 
architecture for NSIs: COmmon Reference Architecture (CORA 2010) and COmmon Reference 
Environment (CORE 2011). Sharing a common architecture would result in a reduction of costs due 
to duplicated activities and, at the same time, in an improvement of the quality of produced statistics, 
due to the adoption of standardized solutions. 
 
The main principles underlying CORA design are: (i) Platform Independence. NSIs use various 
platforms (e.g., hardware, operating systems, database management systems, statistical software, 
etc.), hence architecture is bound to fail if it endeavours to impose standards at a technical level. 

                                                 
1 http://www.cros-portal.eu/content/core-0 



Moreover, platform independence allows to model statistical processes at a “conceptual level”, so 
that they do not need to be modified when the implementation of a service changes. (ii) Service 
Orientation. The vision is that the production of statistics takes place through services calling other 
services. Hence services are the modular building blocks of the architecture. By having clear 
communication interfaces, services implement principles of modern software engineering like 
encapsulation and modularity. (iii) Layered Approach. According to this principle, some services 
are rich and are positioned at the top of the statistical process, so, for instance a publishing service 
requires the output of all sorts of services positioned earlier in the statistical process, such as 
collecting data and storing information. The ambition of this model is to bridge the whole range of 
layers from collection to publication by describing all layers in terms of services delivered to a 
higher layer, in such a way that each layer is dependent only on the first lower layer. 
 
CORE principal objective is the design and implementation of an environment supporting the 
definition of statistical processes and their automated execution. CORE processes are designed in a 
standard way, starting from available services; specifically, process definition is provided in terms 
of abstract statistical services that can be mapped to specific IT tools. CORE goes in the direction of 
fostering the sharing of tools among NSIs. Indeed, a tool developed by a specific NSI can be 
wrapped according to CORE principles, and thus easily integrated within a statistical process of 
another NSI. Moreover, having a single environment for the execution of entire statistical processes 
provides a high level of automation and a complete reproducibility of processes execution. 
 
In the following sections a detailed description of  CORE architecture and information model will 
be presented. 
 
 
2. Logical Architecture 
 
Starting from CORA results, CORE defines a complete information model that takes into account 
process modelling, and specifically definition of sub-processes and communication interfaces. 
CORE also provides a software environment for the automated execution of statistical processes, 
defined according to the designed information model. 
Such an environment has been implemented according to a logical architecture, the main 
components of which are represented in Figure 1. 

• The Graphical User Interface (GUI) component serves the purpose of providing a set of 
GUIs for: 
- Process specification, according to a defined process modelling language. The process 

specification must include the services that realize the process and the definition of the 
execution flow among such services. 

- Definition of the data to be exchanged among services. As it will be clarified by the 
following sections, data exchanged by CORE-compliant services are XML data and must 
be conform to a set of defined schemata. Some GUIs support the statistical user for the 
definition of the information necessary for the automated generation of XML files that 
conform to the defined schemata.  

• The Integration APIs have the purpose of converting tool-specific data from/to CORE data. 
• The Process Engine is in charge of the execution of the process specified in terms of services.  
• The Definition Repository stores: 

- Process schemata, that report the choices made in the process specification phase. 
- Service specifications, in terms of where services to be called are, where input/output of 

such services should be taken from, etc. 
- Data models, consisting of the defined schemata for data exchanges within CORE 

environment. 



- Data, comprising all the data that must be passed to CORE services, i.e. input/output and 
housekeeping information useful for the process management. 

• Services and their runtime must also be part of the environment, in order to permit the 
execution of the overall CORE process “composed” by the available services. 

 
Each component of the logical architecture will be detailed in the following sections. 
 

 
 
3. Data Models 
 
CORE environment permits the definition of a set of XML schemata whose purpose is to have a 
unified model for data exchanges among CORE services. The definition of a unified model for data 
representation has several advantages, among which the most significant ones are: (i) overcoming 
format heterogeneity and (ii) overcoming model heterogeneity. The format heterogeneity issue is 
quite straightforwardly addressed by using XML format, as the unified format representation for 
data exchanges among CORE services. The model heterogeneity format is more tricky to be 
addressed. Actually, as we will see, the representation of data according to the CORE model on one 
side and the usage of a domain schema for the representation of domain knowledge on the other 
side, contribute both to address the model heterogeneity issue. 
In more detail, some XML schemata are defined within CORE acting as a sort of integration glue 
among CORE services. 
More specifically, three XSD schemata have been defined, namely: 

1. CORE Data Model 
2. CORE Domain Descriptor 
3. CORE Mapping 

 
CORE Data Model contains information about the CORE layer to which a specific data set (or a 
part of it) belongs. Domain Descriptor can be optionally specified and reports domain concepts (like 
persons, enterprises, etc.) with related properties. 

Definition
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Integration APIs

Process engine

GUI

Runtime

Services

Figure 1 - Logical CORE Architecture 



 
 

 
 
Mapping contains information about the correspondence between the data models local to services  
and the Domain Descriptor concepts that represent “global” concepts (Figure 2). 
The detailed definition of such files is reported in the following sections. 
 
 
3.1 CORE Data Model 
 
The CORE Data Model represents data according to a rectangular data structure. This assumption 
has the advantage of permitting an easy management of data structures in the CORE environment 
while, at the same time, being general enough to represent most of the input/output data managed 
by tools used by NSIs. 
The CORE Data Model provides the definition of a CORE Tag attribute, whose admissible values 
are controlled by a CORE Tag type defined as follows: 
 

<xs:simpleType name="coreTagType"> 
        <xs:restriction base="xs:string"> 
            <xs:enumeration value="Figure" /> 
            <xs:enumeration value="TimeSeries" /> 
            <xs:enumeration value="Statistics" /> 
            <xs:enumeration value="Population" /> 
            <xs:enumeration value="Unit" /> 
            <xs:enumeration value="Variable" /> 
        </xs:restriction> 
</xs:simpleType> 

 
The CORE tag must be attached to the data set level in a mandatory way. This is because this tag 
permits to associate the CORE layer to the service producing such data set as output. 
In addition, the CORE tag can be specified also for each column of the rectangular data set and for 
the rows as a whole. In both cases the specification of the CORE tag is optional. Notice that the 
purpose of such associations is related to possible subsequent manipulations of the data sets that 
could split it into “smaller” pieces. Lower level tagging enables possible subsequent data 
partitioning to preserve information provided by CORE metadata. 
 
 

Tool n

<schema name="DEMO_DD">
<entity name="SamplePlan">

<property name="VAR"/>
<property name="SIZE"/>
. . .

</entity>
</schema>

DD

Service n

Service n+1

Tool n+1

Figure 2 – Domain Descriptor role 



3.2 CORE Domain Descriptor 
 
The purpose of this schema is to define a very easy meta-model for the representation of domain 
knowledge. As described in Figure 2, the role of the Domain Descriptor is to overcome schema 
heterogeneity by harmonizing schema-level information related to data exchanged among CORE 
services.  
As it will be clarified in the Related Work section, CORE has not the objective of defining “yet 
another meta-model”, but rather it defines the Domain Descriptor as a placeholder for available 
meta-models to be possibly integrated in future work. Specifically, the model should permit the 
definition of domain concepts (e.g. enterprises) with associated properties (e.g. name, address, VAT, 
etc.). Hence, the meta-model defines entities, which can have associated properties. Notice that, to 
keep the model as simple as possible, relationships among entities have not so far been introduced. 
Notice that the CORE Domain Descriptor is not mandatory, in the sense that it is not required that 
each data exchange between two services must necessarily involve a domain schema. In a sense, 
having domain knowledge representation can be useful in the view of standardizing data 
representation, but it’s not mandatory to have it where not available or not necessary.  
 
 
3.3 CORE Mapping 
 
The CORE mapping file serves the purpose of specifying how to translate data from a tool specific 
format to CORE and vice versa. More specifically, CORE mapping files are thought to be specific 
for classes of tools on the basis of the admitted input and output formats. More specifically, by 
considering the principal data formats managed by tools internal to NSIs, CORE Mapping should 
support at least CSV/CORE and Relational/CORE transformations. In the example of CSV/CORE 
mapping, CSV columns are to be mapped to properties of an entity. 
More transformations can be obviously defined, but these two are able to meet most of the 
requirements exhibited by tools used by NSIs.  
When specifying the CORE mapping, the CORE tag must be provided. Consistently with the 
CORE data model specification, this must be specified at the data set level and can be specified at 
the level of each column or of the whole set of rows. The definition of the CORE tag type is the 
following: 
 

<xs:simpleType name="coreTagType"> 
        <xs:restriction base="xs:string"> 
            <xs:enumeration value="Figures" /> 
            <xs:enumeration value="TimeSeries" /> 
            <xs:enumeration value="Statistics" /> 
            <xs:enumeration value="Population" /> 
            <xs:enumeration value="Unit" /> 
            <xs:enumeration value="Variable" /> 
        </xs:restriction> 
    </xs:simpleType> 

 
 
4. Integration APIs 
 
One of the principal goals of CORE architecture is enabling the integration of existing tools into a 
single environment. NSIs can indeed have tools developed according to heterogeneous design and 
technologies. CORE enables abstracting from technological heterogeneity and harmonizing input 
and output data. To such a scope, some dedicated integration APIs have been designed and 
implemented. 
 



 
4.1 CORE Service Definition 
 
In a general sense, an integration API permits to wrap a tool in order to make it CORE-complaint, 
i.e. a CORE executable service. As shown in Figure 3, a CORE service is indeed composed by an 
inner part, which is the tool to be wrapped, and by input and output integration APIs. Such APIs 
transform from/to CORE model into the tool specific format. 
 

 
As anticipated, CORE mappings are designed for classes of tools and hence integration APIs should 
support the admitted transformations, e.g. CSV-to-CORE and CORE-to-CSV, Relational-to-CORE 
and CORE-to-Relational, etc.  
 
 
4.2 Design of CORE Integration APIs 
 
Basically, the integration API consists of a set of transformation components. Each transformation 
component corresponds to a specific data format and the principal elements of their design are: 

- CORE mapping file 
- Domain Descriptor file 
- Transform-to-CORE operation 
- Transform-from-CORE operation 

 
In order to provide an input to a tool (inner part of a CORE service) the Transform-from-CORE 
operation is invoked. Conversely, the output of the tool is converted by Transform-to-CORE 
operation. 
Notice that for each single input or output file a transformation must be launched. 
The illustrated concepts are summarized in Figure 4. 
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Figure 3 - CORE Service 



 
Figure 4 - Data transformations through IAPIs 

 
 
5. Architecture Deployment 
 
CORE architecture is designed to be deployed as a web-based architecture. Specifically, the web 
architecture consists of: 

• a centralized component, corresponding to the main elements of the CORE logical 
architecture; 

• distributed components for service execution. In order to make the remote execution 
possible, a support for tool execution and data transfer must be explicitly developed. 

 
Each NSI can have more than one deployment of the CORE architecture. Specifically, it may be the 
case that an internal deployment is required in order to carry out intra-organizational processes, but 
it may also be the case that a distinct deployment is required for managing calls of CORE services 
outside NSIs. 
Runtime for service execution can be of one of the following types, namely: 

• Batch: a tool is executed by a command line call. It can be automated. 
• Interactive: a user can interact with the tool through a tool-provided GUI. The idea is to 

support automation as much as possible. 
• Web service: tools are deployed as Web services on a web server. It can be automated. 

 
In the case either of a batch or of an interactive service execution, the Runtime component is in 
charge of the remote activation of a runtime agent. The runtime agent runs on the machine on which 
the tool is deployed and is responsible for: (i) preparing the service input; (ii) gathering the service 
output; (iii) activating the tool. 
In the case of a Web service runtime, the Runtime component includes a Web service client that 
performs the remote call of a Web service deployed in a Web container. In Figure 5, we show the 
sequence of steps that is performed when calling a service according to batch and interactive 
runtime types (the Web service runtime requires similar steps). 
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Figure 5 - Interactions of components upon a batch/interactive service call 

 
 
6. Related Work 
 
CORE and existing standards for statistical data and metadata. 
 
CORE did not have the purpose of defining yet another information model. CORE includes a 
simple information model that was introduced only for demonstration purposes. It would have been 
possible to adopt an already developed information model belonging to the statistical domain, but 
being the focus of CORE elsewhere, we decided to postpone the integration of existing standards 
within the environment. In particular, the choice was to consider a simple information model with 
the role of a placeholder, to be replaced in possible future developments of the platform. Anyway, 
for the sake of completeness, we refer to standardization initiatives related to information models 
that play a major role in the statistical setting: GSIM at the conceptual level and DDI and SDMX at 
a logical level. 
GSIM (Generic Statistical Information Model) (GSIM 2011) is a proposal for standardizing 
information objects related to the statistical domain. GSIM is intended to support a common 
representation of information concepts at a “conceptual” level. The exact role of GSIM with respect 
to lower level data models like DDI and SDMX is matter of current investigation. 
DDI (Data Documentation Initiative) (DDI 1995) is a metadata standard for statistical data 
developed, maintained, and governed by the DDI Alliance, an international membership-based 
organization with about 30 members. DDI is able to describe microdata sets and their tabulation  
into aggregate data cubes, with related metadata such as questions, variables, concepts, categories, 
codes, etc.  
SDMX (Statistical Data and Metadata eXchange) (SDMX 2001) is a framework for exchanging 
statistical data that includes an information model. The information model is mainly intended to 
represent aggregated data and thus describes the structure of a particular statistical data flow 
through a list of dimensions (for example: country, variable/topic, year), a list of attributes (for 
example, unit of measure) and their associated code lists. 
With respect to GSIM, CORE is open to adopt a full-fledged information model like GSIM is 
through the CORE Model  and CORE Domain Descriptor slots. 
With respect to DDI and SDMX, the issue is to map rectangular datasets representation of CORE 
data to such models. Mapping in principle feasible as CORE model is “less expressive”, in the sense 
that it is meant only for data exchange purposes and not for a full semantic representation. 
 



CORE and existing standards for process management. 
 
Although the current implementation of CORE relies on a simple execution engine that does not 
allow for the realization of full-featured workflows, we studied the feasibility of the application of 
existing workflow engines to the CORE platform, with the idea of providing users with the 
possibility of describing processes through a visual language. The current standard notation for 
modelling business processes is Business Process Model and Notation (BPMN 2011). BPMN is a 
OMG standard providing a notation that can be easily understood both by technical users and 
business users, yet sufficiently expressive for representing complex business procedures. BPMN is 
supported by several workflow engine platforms, both commercial and open source, such as JBPM 
and Bonita. Another popular process modelling language is Web Services Business Process 
Execution Language (WSBPEL 2007). With respect to BPMN, WSBPEL is more focused on the 
runtime phase, hence it is oriented to technical users, and strictly linked to execution of web 
services, which makes it not suitable to describe all the runtime types supported by CORE. 
 
 
7. Concluding Remarks 
 
The most important contributions of the CORE project are: 1) fostering standardization in NSIs, 
through the definition of statistical processes in terms of available statistical services; 2) supporting  
process reproducibility, as the environment logs both process design and implementation choices; 
3) standardizing data exchanges within statistical processes, using both a common information 
model and a unified technological transport format. CORE platform has been developed at a 
prototype level. Future steps include: engineering the platform and iterating its development on the 
basis of feedbacks deriving from its usage in Official Statistics production contexts. 
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Abstract  
     

The paper explores patterns of income mobility experienced by households in relation 
with the education of their members. We analyze the Romanian EU-SILC micro-data 
collected in 2007, 2008 and 2009 by estimating continuous time Markov transition 
matrices in order to understand how the education accumulated in the life course 
influence patterns of movement in between income quartiles. Overall, our results show 
that higher education of individuals is conducive for upward income mobility of their 
households. 
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1. Introduction  
    

 Inter and intra-generational social mobility or immobility represents a central 
characteristic of societies. Recent research has been characterized by an increasing focus 
on mobility in household incomes. According to human capital theory, education 
influences access to employment, labour market success, productivity and wages. 
Following this idea, several studies show that education has a positive effect on 
household welfare (Himaz and Aturupane, 2011). 
 The aim of the paper is to explore patterns of income mobility experienced by 
households in relation with education of their members during 2006 - 2008. We aim to 
understand if the education accumulated during the life course influences the movement 
of households in between income quartiles, or in other words, if education has or not a 
positive impact on income mobility.  
 We analyze the Romanian EU-SILC micro-data collected in 2007, 2008 and 2009 
(with 2006, 2007 and 2008 as income reference years) in order to understand how the 
education accumulated in the life course influences the households’ patterns of income 
mobility, in times of economic growth. Thus, our data do not allow us to find out if 
higher education protects households against downward mobility during economic 
downturns. We estimate the movements of households in between income quartiles by 



calculating continuous time Markov transition matrices based on discrete Markov 
transitions probabilities. Overall, our results show a reduction of inequalities and that 
higher education of individuals is conducive for upward income mobility of their 
households. 
 The next section of the paper provides a literature review regarding income and 
social mobility. Then, we characterize briefly the economic background of Romania for 
the period of analysis, while in the fourth section we describe in detail the data and the 
methodology of the study. The main findings of the paper are to be revealed in the fifth 
section and then we conclude in the last section. 
 
 
2. Theoretical background  
    

 Distribution of life chances, incomes and opportunities represents a major topic of 
the sociological studies and numerous scientific contributions on causes and justness of 
inequalities have emerged in the last decade. Within this research strand, scientists have 
studied the probability of movement along the social hierarchy in order to assess chances 
of individuals belonging to various social groups to climb or slip down on the social 
“ladder”.  
 The concept of social mobility was used for the first time in 1927 (Sorokin, 1959). 
It refers to circulation of individuals along the social space (Tumin, 1967). There are two 
classes of studies assessing mobility: at inter-generational and intra-generational levels. 
However, most theoretical models and methods are similar for both levels of analysis.     
 Functional theories explain the expansion of the educational system as a response 
to the need of the society to reward individuals fulfilling important positions. From this 
point of view, educational attainment represents an important mechanism of reaching 
higher positions in society (Erikson and Goldthorpe, 1992). Within the models of status 
attainment, education represents an important way to acquire better jobs and higher levels 
of income.  
 Numerous studies analyze social mobility in relation with the industrialization 
process. Evolution of the mobility rates is understood as a proxy for the permeability of 
the social structure and for the accessibility of the socio-economic opportunities. Also, 
level of mobility shows the predominance of the status attainment vs. status prescription 
processes within a given society. The industrialization theory considers that countries 
characterized by a similar level of industrialization display similar rates of mobility. 
 From this point of view, economic growth determines changes within the 
occupational structure that affects income distribution and produces mobility. Such a 
process implies a multiplication of the number of occupations requiring higher education 
and movement of population in better paid jobs (Blau, Duncan and Tyree, 1978). Thus, 
the most important hypothesis of this theory says that education has an important effect 
on the occupational status of the individuals (Treiman, 1970).  
 
 
3. Brief overview of economic conditions in Romania  
    



 In order to get a glance on the Romanian economic and social background for the 
period to which our analysis refers to, we should do a brief description on a couple of 
commonly used indicators.  
 Between the years 2001 and 2008, Romania has experienced a strong economic 
growth (6.3% average yearly growth), 2009 being the first year of economic downturn. 
The unemployment rate varied between 5.8% and 8.4%, but it displayed a downward 
trend starting with 2004. In 2009, the process of economic recession was accompanied by 
a sharp increase in the unemployment rate. Employment and activity rates showed 
sudden decreases in 2001, and then float around 51%, respectively 54% of the working 
age population. 
 The analysis of the wellbeing of the Romanian population points out that it has 
benefited from the economic growth and even more than that, the growth was pro-poor in 
the sense that the relative income growth of the poor was higher than the average income 
growth for the entire income distribution or the relative income growth of the rich. The 
most vulnerable to the risk of poverty are large households, poorly educated individuals, 
rural area residents and jobless individuals or households. 
 We consider that recent changes at the level of income distribution are mainly due 
to the improvement of the economic conditions in Romania and emphasize that our 
analysis stops in 2008. However, we expect that the economic downturn has brought 
some important changes that affected social and economic life, but they are not the 
subject of the present article. 
 
 
4. Data and Methodology  

  
4.1 Data   

 We use EU-SILC micro-data collected in the years 2007, 2008 and 2009 (EU-
SILC is the EU reference source for comparative statistics on income distribution and 
social exclusion) for Romania. The reference years for income are, respectively, 2006, 
2007, and 2008. In Romania, the EU-SILC is designed based on a four years rotated 
panel scheme in which the sample is divided in sub-samples, similar in design and size 
and representative for the whole population. Each year, ¼ of the sample is replaced. The 
so designed scheme allows the tracing of households and individuals up to 4 consecutive 
years. The data is based on nationally representative probability samples of both 
households and individuals aged over 16. Our analysis is built on a panel of 3957 
households.  
 We build a synthetic measure of household education, the average education of 
the household, computed as the average years of education for all household members 
aged over 16 years. We further split the outcomes into three educational categories: low – 
general education (up to 8 years of school), medium – high school and vocational schools 
(from 8 to 12 years of school) and high – tertiary education and more. 
 Income mobility is assessed through the movement of households along the 
income distribution which is divided into quartiles based on the yearly household income 
per adult equivalent. 



 Because of the one year difference between income reference period and data on 
household members’ education we have to make the assumption that the average 
education at household level is not changing between two consecutive years. 
 
4.2 Methodology   

 We attempt to capture the transition of households among income categories 
between 2006 and 2008 by educational categories, computed as averages at household 
level. Following Geweke, Marshall and Zarkin (1986), we estimate continuous time 
Markov transition matrices based on discrete Markov transitions probabilities, viewing 
transition as a continuous random process. The space of states is defined by the income 
categories by quartiles and we assume that the movement of households in this space of 
states is a continuous time homogenous Markov process, thus the observed states are 
discrete states derived from this continuous process. So, our aim is the estimation of the 
continuous process on the basis of the discrete time process.  
 The first step is to construct the discrete time transition matrices, P, for the period 
2006 - 2008, as the maximum likelihood estimator for the probability of moving from 
state i to state j, thus pi,j= xi,j/xi, where xi,j is the total number of transitions from state i to 
state j over the time ∆t and xi is the total number of individuals found in state i at the 
previous moment t.  
 Then, we estimate the continuous process when ∆t→0, and we compute the 
transition intensity matrix Q from the differential equation 

 
( )

* ( )
dP t

Q P t
dt

=                                                                                                                 (1) 

with the solution P(t)= etQ or equivalently Q=EVE-1, where E is a n×n matrix containing 
the eigenvectors of matrix P, while V is a n×n diagonal matrix, V=diag [(log α1)/t,(log 
α2)/t,…, (log αn)/t] , where αi are the eigenvalues of matrix P. 
The elements of the intensity matrix are interpreted as the instantaneous transition rates 
between states.  
 The intensity matrix Q, has to satisfy the following restrictions on its elements: 

                                                      (2)   

 
 We computed the intensity matrices for the three categories of education at 
household level (low, medium and high) for the period 2006-2008.  
 In the end, we compute the mobility index, which is a measure of the average 
probability of individuals of moving out of the original state, for each educational 
category, as:  

                                                                                                              (3) 

 
5. Main findings 
   

 First of all, we detail our panel’s structure by the two dimensions of interest for 
us, namely educational categories and income quartiles. In the following table (Table 1), 
we present the distribution of households by their average educational level.  
 



Table 1: Household distribution by average educational level, % 
Categories by education 2006 2007 2008 
Low (< 8 years) 22 21,1 20,9 
Medium (8-12 years) 60,6 61,4 61,1 
High (> 12 years) 17,4 17,5 18 
Total 100 100 100 

 
 Although we notice a trend of slight increase in education among Romanian 
households, as it was expected due to the length of the analyzed period, there were no 
significant changes in the structure of household’s population by average level of 
education.  
 Households distribution by household income, computed per adult equivalent, 
shows significant income increase during 2006 and 2008 for all quartiles. Thus, mean 
income has increased for the first quartile with approximately 90% in 2008 as against 
2006, with approximately 80% for the 2nd quartile, with nearly 60% for the 3rd quartile 
and, respectively, with 40% for the 4th quartile. As the poverty threshold for the relative 
poverty rate computed at 60% of the median income was around 25% for Romania, in 
2007, we could assume that poor households belong to the first income quartile and, so, it 
seems that the poor have benefited the most from the economic growth between 2006 and 
2008. As a result of these developments, income inequalities between households 
computed as the quartile ratio (ratio between the mean income of the 4th quartile and the 
mean income of the 1st quartile) are decreasing during the period analyzed from 3.04 in 
2006 to 2.46 in 2008. 
 

 
Figure 1: Yearly mean income by quartiles, 

Lei and Euro 
 
 Therefore, Romania’s economic development holds the main responsibility for the 
changes in the income distribution during 2006 and 2008, but we believe that also micro 
factors such as education, household composition, age and employment status of 
household members are important. 



 Following our proposed methodology, we computed the discrete time transition 
matrix for each educational category and for the whole panel. In the cells, except for the 
first diagonal line, we put the share of the households that moved between states/quartiles 
against the total number of households originally in quartile. The interpretation of the 
transition matrix is straightforward, thus higher the values, higher the mobility between 
certain income categories. The first diagonal shows the share of households that remained 
in the same income category during the period of analysis, which is a measure of lack of 
mobility or immobility. Our results show that the mobility is higher for middle quartiles, 
more than half of the households originally in these quartiles move to a different quartile. 
 The low, but especially the top quartile are the most immobile. We should 
however mention that the transitions are short-distance movements, since they take place 
mostly between consecutive quartiles 
 

Table 2: Movements between income quartiles, discrete transition matrix, % 
 Income quartiles 2008 
Income quartiles 2006 Q1 Q2 Q3 Q4 
Q1 69,9 22,8 5,7 1,6 
Q2 21,8 48,3 24,7 5,2 
Q3 6,0 26,0 47,9 20,1 
Q4 2,0 3,3 21,6 73,0 

 
 Based on the discrete transition matrixes, we compute the intensity matrixes 
which account for the instantaneous transition rates among states. The results show 
different mobility patterns by educational categories. 
Households with a low educational profile are less likely to belong to the 4th income 
quartile and, because of the small number of cases; we excluded from our analysis the 
households with low education which belong to the top quartile. Similarly, households 
that have a high education are less likely to come from the first quartile; therefore we 
dropped the households with high education belonging to the lowest quartiles. 
 The intensity matrix for the transition of households with low education among 
income categories is the following: 
 

Table 3: Intensity matrix for low education 
 Income quartiles 2008 
Income quartiles 2006 Q1 Q2 Q3 
Q1 -0,2387 0,2291 0,0096 
Q2 0,2491 -0,4778 0,2287 
Q3 0,0758 0,3871 -0,4629 

 
 We notice that during 2006-2008, the highest likelihood of mobility for 
households with low education was a downward one, from the 3rd to the 2nd quartile. At 
the same time, the inverse transition, from the 2nd to the 3rd quartile, is lower in intensity. 
The transitions probabilities from the 1st quartile to the 2nd one and from the 2nd one to the 
1st are similar, but the downward mobility seems to be slightly higher. Low education 
households that originally belonged to the 2nd quartile are the most likely to move, 
equally up or down on the income ladder. 



 As already mentioned before, the intensity matrix shows that the transition 
between income categories takes place gradually, the intensity of transition is high for 
consecutive quartiles, while it is almost insignificant for a distance longer than one 
quartile. 
 On the first diagonal line, the figures could be interpreted as indicators of 
immobility, a smaller absolute value suggesting a lower probability of transition; 
therefore we can see that households with low education are trapped in the 1st quartile, in 
a social class out of which the exit is unlikely.  
 As it can be seen in the table below, households with medium average level of 
education have, to some extent, different transition patterns than those with low level of 
education, there are similarities but also differences between the two transition models. 
One common feature is the transition between the 1st and 2nd quartile which is equally 
distributed on both directions. Furthermore, households with medium education move 
equally up from the 2nd quartile and down from the 3rd one. The immobility in the first 
quartile is highly probable also for medium educational level households as well. The 
greatest mobility can be observed for the households with medium education originally in 
the 2nd and 3rd quartile. We notice an important difference regarding the propensity of 
remaining in the top quartile, which is higher than for the middle quartiles, but the 
probability for transition downward from the 4th quartile to the 3rd one is higher than the 
one from the 3rd quartile to the 4th one.  

 
Table 4: Intensity matrix for medium education 

 Income quartiles 2008 
Income quartiles 2006 Q1 Q2 Q3 Q4 
Q1 -0,2144 0,1911 0,0192 0,0041 
Q2 0,1841 -0,5017 0,3102 0,0073 
Q3 0,0093 0,3267 -0,5100 0,1740 
Q4 0,0046 0,0109 0,3569 -0,3724 

 
 In general, we notice that the downward mobility is higher than the upward one 
and the probability to reach the 4th quartile is very low, even for the households originally 
belonging to the 3rd quartile. Similar to the households with low education, for those with 
medium level of education the transition between income categories takes place step by 
step, between consecutive quartiles. 
 Household whose members have a high level of education on average are 
analyzed without taking into consideration those households that were originally or at the 
end of the year 2008 located in the first income quartile, because their number is 
extremely small and do not influence the transitions. 

 
Table 5: Intensity matrix for higher education 

 Income quartiles 2008 
Income quartiles 2006 Q2 Q3 Q4 
Q2 -0,5348 0,4653 0,0695 
Q3 0,2004 -0,6204 0,4199 
Q4 0,0063 0,0805 -0,0868 

 



 Analyzing the transition among income categories for highly educated 
households, we note that their mobility is higher to superior income classes than to lower 
income classes, this being one of the main differences between the transition patterns of 
high education household and the others. What differentiates more the high educated 
households from those with low or medium education is the degree of immobility in the 
4th quartile, which is extremely high, meaning that once the household reaches a certain 
standard of living, it is very unlikely to fall into a lower income category; thus, education 
strengthens the affiliation to an upper class.  
 The greatest overall mobility can be seen at households with high education 
originally located in the 3rd quartile, while the most important upward mobility is 
encountered in the case of the household originally belonging to the 2nd quartile. But, for 
both quartiles, the probability of moving upwards is approximately twice higher than that 
of moving downwards. 
 To sum up our findings regarding households’ transition among income categories 
by quartiles, first of all, we have to say that education prevents to some extent downward 
income mobility. Second, households belonging to middle quartiles seem to display the 
highest mobility for all educational level, but for high education the transition is mainly 
to upper income classes, while for the others it is the reversed situation. 
 A synthetic measure for the overall mobility among income categories is the 
mobility index, which is a measure of the average probability of individuals of moving 
out of the original state. We have computed this indicator for each educational category 
and we find out that shows that higher the average education of the household, higher the 
income mobility, as it is shown in the table below. 
 

Table 6: Mobility index by level of education 
 Mobility index 
Low education 0,3931 
Medium education 0,3996 
Higher education 0,4140 

 
 So to conclude, households with higher education witness the highest mobility 
index and their mobility is mainly upwards, households with low education have the 
lowest mobility index and their transitions are mainly downwards 
 
 
6. Conclusions  
    

 The economic developments that took place in Romania during 2000 - 2008 
influenced income distribution and the movement of individuals and households among 
income categories as well. But, alongside, there are certain micro factors that complete 
the picture of income mobility and among them education is one of the most significant 
ones.  
 Our paper examined the patterns of income mobility experienced by households 
in relation with education of their members during 2006-2008 and to figure out whether 
education has or not a positive impact on income mobility. 



 We used EU-SILC panel micro-data collected in the years 2007, 2008 and 2009 
for Romania, based on which we constructed an indicator of the average educational level 
in a household and we split the income distribution of households into quartiles. Then, in 
order to capture the transition of households among income quartiles by educational 
categories we estimate continuous time Markov transition matrices based on discrete 
Markov transitions probabilities, viewing transition as a continuous random process. 
 The results we obtained show that education prevents to some extent downward 
income mobility. We found that households belonging to middle quartiles display the 
highest mobility for all educational level, for high education the transition is mainly to 
upper income classes, while for the others it is the reversed situation. The synthetic 
indicator for mobility, the mobility index, shows that higher the average education of the 
household, higher the income mobility. 
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Abstract 

 

This paper describes the role of administrative data matching in the quality assurance process 
for the 2011 Census in England and Wales. The Census provided a comprehensive snapshot 
of the population of England and Wales in March 2011 and presented a unique opportunity to 
explore and understand the quality and completeness of administrative sources. The 
innovative data matching methods and systems designed for this task are described. A 
flexible, reactive approach applied analytic methods that were appropriate to the research 
questions that arose during the census quality assurance process. Record matching and 
interpretation of the linked data drew on all of the available information from Census. 
Matching this rich information to administrative sources provided new insights, both 
empirical and theoretical, into the relationship between different administrative datasets. 
 

 

Keywords: Record linkage, data architecture, census validation 

 

 

1.  Introduction 

 

A review of the 2001 Census data quality assurance process concluded that administrative 
data could potentially have three uses in 2011: 

• As an auxiliary variable in coverage assessment and adjustment 

• At record level, in triple system estimation 

• To help identify, measure and correct for any bias found in the dual-system estimator 
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(White et al, 2006). 

If administrative data were used for both estimation and quality assurance, the independence 
of the quality assurance process could be compromised.  This was avoided during 2011 
Census processing by reserving the use of administrative sources for quality assurance, with 
the possibility of using them to calibrate census estimates in the event of a failure of the 
census field operation or if the coverage adjustment process did not provide robust and 
plausible estimates.     

The 2007 Statistics and Registration Service Act opened up new opportunities for ONS to 
access administrative microdata from other government departments for the purpose of 
population estimation.  Through these and other provisions, the following were available at 
record level for census quality assurance:  Patient Register, School Census (England and 
Wales), Higher Education Statistics Authority data, the Department for Work and Pension’s 
Migrant Worker Scan, Birth Registrations, Death Registrations, Electoral Registers and 
Valuation Office Agency data. 

These datasets were analysed for quality and completeness, and their formats were 
standardised.  They were used in two ways.  Firstly they were used at the aggregate level, as 
comparators for census counts and estimates of addresses, households and individuals.  Often 
the comparison was made at low geographic levels, down to postcodes.  Secondly, where the 
aggregate-level comparison was unable to explain a discrepancy, record matching was carried 
out.  This report describes the methods, systems and processes used for the matching, 
provides an overview of results and the conclusions they inform.  But first we outline some of 
the challenges to be overcome.  These challenges largely stemmed from the awkward reality 
that the research questions to be addressed by matching could not be known in advance. 

 

2.  Building a matching methodology and architecture for Census QA 
and the imperative for a flexible approach 

 

Administrative data matching systems and methods needed to respond promptly to issues 
raised by the Census Quality Assurance (QA) process. This presented a number of conceptual 
challenges, especially as analysis requirements were unpredictable, generally had short 
deadlines and were based on data that were not uniformly available at the beginning of the 
QA process. Flexibility of data used, analysis geography, level of matching and interpretation 
in analysis were therefore fundamental to the design of data matching systems and methods. 
In addition, the security requirements of working with and storing record-level matched data 
had to be taken in to account. High quality record-level matching is a time-consuming 
process.  Address matching in high priority areas ahead of QA helped to maximise the 
number of areas that could be matched during the live operation.  

2.1 Challenge 1: Security risks 

All Census data processing took place within a secure, closed IT environment. Access to this 
environment and outputs from it were tightly managed and controlled.  However, the security 
risk posed by matched record-level administrative and census data in combination is higher 
than that presented by the individual datasets. To mitigate this enhanced risk, the matching 
architecture stored the results of matching as pairs of anonymised identifiers. These 
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anonymised identifiers were created for all addresses and individuals in each source and are 
independent of any supplied identifiers such as name, address, National Health Service 
Number or date of birth. Lookups relating original and newly created identifiers were held 
separately from attribute data.  In this way, the newly combined information was stored so 
that it could not be attributed to an individual or address without reference to the separately-
held look-up. 

2.2 Challenge 2: Uncertain analytic requirements 

It was impossible to predict in advance the issues that record matching would need to 
address.  The geography or population sub-group under consideration would determine which 
administrative data should be used.  The architecture therefore had to allow matching 
between all or just some sources, with capacity to add other new ones if they became 
available. Results were held at local authority level, numbering 348 in England and Wales, 
but could also be held for any geographic subset within the Local Authority. Using local 
authorities in this way provided a meaningful search space for record matching, while 
keeping processing speeds reasonable. 

2.3 Challenge 3: Late availability and uneven quality of data 

Of the data available for matching, summarised in Table 1, only the Patient Register, 
Valuation Office Agency and Census Address Register were available from the start of the 
QA process. Census person data became available as Local Authorities were processed 
(mirroring the order in which QA issues were raised) while CCS and other Census 
information were only available late in the QA process. HESA, English and Welsh School 
Census and Births data were also only supplied to ONS once the QA process had begun since 
extracts pertaining to Census day were not immediately available. Electoral Register data 
were available for most local authorities but these were inconsistently formatted and required 
substantial cleaning and standardisation. A key requirement for the data matching 
architecture was the ability to incorporate new data if and when they became available.  

This paper focuses on matching between the Patient Register and the Census.  However a key 
feature of the architecture was the ability to incorporate results from a ‘toolkit’ of matching 
methods. As different data sources contain different matching variables or are stored at 
different levels (address or individual), there was not a single method that could be applied to 
all data.  

2.4 Challenge 4: the requirement for timely results 

The QA process involved the review and approval of 348 local authority estimates at a series 
of QA Panels. Some discussions at QA Panels demanded further analysis.  Where issues 
could not be resolved using data at aggregate level, record matching was required. Data 
matching systems and methods were designed to respond quickly to these requests and  
processes were automated where possible. 

To reduce the turnaround time required for data matching projects, ahead of the QA process  
Patient Register addresses were matched to the Census address register in 37 local authorities. 
These local authorities were areas of high population churn, taking into account migration 
patterns since 2001. As Census processing got underway, they were prioritised by the 
expected delivery date for their processed person-level data, in anticipation of the order they 
would be considered by the QA Panels.  Record matching for each of these 37 local 
authorities was suspended if they were approved by the QA Panel, and new areas not in the 
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original list of 37 were added as issues arose.  By the end of the QA operation, record 
matching had been done in 55 local authorities. Identifying the more challenging local 
authorities and address matching in these areas ahead of the live operation allowed 
preliminary work to proceed in an intelligent way, and maximised the number of local 
authorities overall that could be matched.  

Included in the 55 local authorities were a number of ‘control’ local authorities that were 
expected to pose little enumeration challenge, for example because they had low levels of 
international and internal migration. These served two purposes.  Firstly they provided 
context to results for more challenging areas. Secondly they provided a validation of the 
matching methods used.  

2.5 Challenge 5: Keeping the scale of the matching task at a manageable level 

Some QA issues focussed on small geographic areas or population sub-groups, such as 
students in communal establishments or babies under the age of one.  Where issues were 
generalised across the population, matching typically focussed on the postcode clusters used 
for the Census Coverage Survey.   The Census Coverage Survey (CCS) is an approximately 
one per cent sample of the country carried out after the main Census and used to create the 
Census estimate.  The CCS samples postcode clusters within local authorities. Administrative 
data matching was carried out within these clusters, fulfilling a dual purpose in providing a 
sample of the local authority and an additional data source for comparison – the Census 
Coverage Survey. Crucially by using this sample the data matching team were able to provide 
analysis on a greater range of areas. 

2.6 Challenge 6: Ensuring quality and consistency in record matching  

The quality of record matching was monitored and managed through two processes both 
involving the use of expert clerical matchers.  The first involved a continuous feedback loop 
of matching best practice for the clerical matching team.  An example is the accumulation of 
knowledge and experience in ethnically-specific naming conventions and variations.  The 
second involved expert matchers’ review of matching decisions by the matching team, using 
both a random sample and having two matchers complete the same matching. Discrepancies 
found either through the sample or by reviewing the differences between matchers were 
addressed through further training and review.  

2.7 Challenge 7: complexity of matching and storing results at both individual and 
address levels 

Storage of the results from matching was complicated by the large number of sources used, 
the two levels at which matching took place (addresses and individuals) and the reality of 
one-to-many matches for both addresses and individuals.  One-to- many matches for 
addresses arose from less precise recording of addresses, for example in the Patient Register.  
This typically involved sub-divisions within buildings (for example ‘Flat 1’) being omitted 
from a Patient Register address and it was therefore possible for a number of addresses in the 
census, referenced in more detail, to match to a Patient Register ‘shell’ address.  One-to-
many individual matches arose from multiple enumerations of individuals in the census 
(discussed more fully in ONS 2012b).  In addition, the matching process allowed unmatched 
addresses to be matched as a result of individual matching, for example where capture errors 
produced address differences that confounded the address matching first time around. 
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3.  Data available for matching  

Table 1: Microdata available for Census Quality Assurance matching 

 

Data source 
(Date) 

Coverage –  
Data units 

Supplier Key variables for data 
matching (individuals) 

GP patient 
registrations 
(23 April 
2011) 

England & Wales 
Individuals, 
Addresses 
Microdata 

Connecting for Health 
Systems and Service 
Delivery, formerly 
NHAIS  

Forename and surname 
Date of Birth, Sex 
Residential Address 
including postcode 

English/Welsh 
School Census 
 
(January 2011) 

England & Wales 
All maintained 
schools, special and 
non-maintained 
special schools 
Individuals,  
Addresses (England 
only) 
Microdata 

England: Department 
for Education (DfE) 
 
Wales: Welsh 
Government (WG) 

Forename and surname 
Date of Birth, Sex 
Residential and 
Educational Institution 
Postcodes  
England: Residential 
Address including 
postcode 
 

HESA Student 
Record 
(Academic 
Year 2010/11) 

England & Wales 
Individuals 
Microdata 

Higher Education 
Statistics Authority 
(HESA) 

Forename and surname 
Date of Birth, Sex 
Termtime and Domicile 
postcodes  

Live Births 
Register 
 
(Extract year 
up to census 
day) 

England & Wales 
Individuals aged 
under 1 at Census 
Microdata 

Office for National 
Statistics (ONS) 

Forename and surname 
Date of Birth, Sex 
Birth Mother Name 
Birth Mother Date of 
Birth 
Postcode for place of 
birth and mother’s 
residence at time of birth. 

Deaths  
(Individuals 
with death 
date 2 years 
prior to 
census) 

England & Wales 
Microdata 

Office for National 
Statistics (ONS) 

Forename and surname 
(including aliases) 
Date of Birth, Sex 
Address including 
postcode of residence at 
time of death 

Electoral 
Registers 
 
(December 
2010) 

England & Wales 
Individuals, 
Addresses 
Microdata 

Local authorities in 
England & Wales 

Forename and surname 
Date of Birth (only for 
attainers, approaching 18 
years of age) 
Address including 
postcode 

Valuation 
Office Agency 
Council Tax  
(September 
2010) 

England & Wales 
Residential 
addresses 
Addresses 
Microdata 

Valuation Office 
Agency (VOA) 

n/a, no individual-level 
information 
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The administrative data used for matching to support census quality assurance are listed in 
Table 1. Following an assessment of quality and utility for record matching, it was decided 
not to use the Migrant Worker Scan data for matching.  This was because names were not 
supplied with the data, and because address information was found to be untimely and often 
not a residential address.   

The census data used in record matching included:  

• Census responses (both household and individual questions, taken after all 
initial data cleaning 

• Census address register (the version generated at the time the questionnaires 
were printed was used initially, then the final version incorporating additions 
from the Census operation was used) 

• Census address register History File (ARHF) 
• Census ‘Associated Address’ records, including Usual Address One Year 

Ago, responses, Second Residence Addresses, including Students’ Term-time 
Addresses and Visitors’ Usual Residence. 

• Census Management Information System (CMIS) field operation data, 
including ‘dummy form’ information, supplied by enumerators for non-
responding households 

• Census questionnaire images 
• Census Coverage Survey responses 

  

4. The matching process 

 

4.1 Data Preparation 

Each administrative dataset was standardised and cleaned, including de-duplication of 
records, checking and aligning variable formats, checks for coding inconsistencies and 
checking the number of unknown or missing values for each variable.  The administrative 
sources were found to need varying amounts of preparation.  The most resource-intensive 
were the Electoral Registers.  Maintained and supplied by individual local authorities, these 
were found to be held in a wide range of formats.  Some of the standardisation could be 
automated but there were also rare and unique differences between the files which required 
manual intervention to correct. 

Addresses were georeferenced using the software package ‘Matchcode’, supplied by 
Capscan.  An early evaluation found that data capture errors could lead to details such as 
subdivisions within properties (for example, Flat 8) being dropped from the standardised 
address and we therefore also retained the original addresses for further reference.   

In some cases it was necessary to seek to align the administrative sources to census 
definitions, for example HESA (Higher Education Statistics Authority) data.  The HESA data 
record all students on a course at an institution within an academic year, regardless of the 
course duration and individuals may have multiple instances within an institution in the same 
academic year.  To align with census student definitions, a subset of HESA records with start 
dates before March 27th 2011 (census day) and end dates after, or continuing, were used.  
Rules to prioritise multiple records were applied to select just one for matching. 
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Figure 1: Data matching process 

 

4.2 Address matching 

Addresses in the Patient Register, Electoral Register, Valuation Office Agency data and the 
English School Census were matched against those in the Census address register within 
Census Coverage Survey postcode clusters in selected local authorities.   

For each source, the first stage of address matching involved exact matching between 
sources.  Only three components of the addresses were used: Flat Number/ Property 
subdivision/ House name, House Number and Road and Postcode. Variables with low 
discriminatory power such as ‘town’ were excluded as they could only introduce error. To 
improve automatic match rates, a second stage used ‘Term Frequency Inverse Document 
Frequency’ (tf.idf) matching, which assigns a weight to each matched pair of words in a pair 
of addresses depending on how commonly the words within the addresses appear in each of 
the datasets (discussed more fully in Winkler 2006, see also Li et al 2010).  Tf.idf matching 
used all available address elements.  Matched records incorporating ‘Hill Street’ would have 
a lower weight than ‘Segensworth Road’, due to the rarity of ‘Segensworth’.  Scores for each 
address are weighted according to the number of words included in the address. The best-
scoring candidate match for each administrative source address was referred for clerical 
review and confirmation.   

A third stage of address matching involved a clerical matcher searching for an address match, 
firstly within the given postcode and then across the local authority as a whole.   
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Inaccuracies in recording addresses led to some addresses being falsely unmatched.  Some of 
these addresses were subsequently matched through person matching.  Where individuals 
living in unmatched addresses were matched, a check was made to see if these were falsely 
unmatched addresses due to data discrepancies. 

Finally, in addition to searching for matches within census data, the Address Register History 
File (ARHF) was also checked.  The ARHF contained addresses that had not been sent a 
census questionnaire, for example because they were commercial addresses or known to be 
derelict buildings. 

4.3 Person matching 

Individuals within the Patient Register were matched against census records.  Unmatched 
patient registrations were then searched for within the Electoral Register, School Census and 
HESA data.  The rationale for focussing on Patient Register matching was that the Patient 
Register was the only record-level source available to us that has near-universal coverage.  
Understanding comparability between census and the Patient Register would be most 
informative in terms of understanding coverage of the respective sources.  We also 
anticipated that local authorities would query census estimates that fell below the number of 
patient registrations, so it was important to understand the characteristics and geography of 
Patient Register list inflation. 

As with address matching, the first stage of person matching was exact matching using 
forename initial, the first three characters of surname and full date of birth (dd/mm/yyyy).  
Then within matched addresses, the match criteria were relaxed to forename initial or a 
SPEDIS value of less than 100, first three characters of surname or SPEDIS value of less than 
100 and two of the three date of birth elements matched.  SPEDIS is a measure of how close 
the spellings of two words are (Gershteyn, 2000).  Within matched postcodes, match criteria 
were the first three characters each of forename and surname and two of three elements of 
date of birth.  Searching more widely within CCS postcode clusters within a local authority, 
forename, surname, date of birth and sex all needed exact matching. 

The next stage of person matching adopted probabilistic techniques.  Two strategies were 
used.  The first looked within local authorities at individuals with the same day and year of 
birth and sex then matched records using month of birth, exact forename and surname with a 
qgram threshold of 0.4 or above (the code for this is available from ONS on request).  
Qgrams measure the level of agreement between groups (in our case, pairs) of characters 
within the two character strings being compared.  The second strategy required exact surname 
matches and forenames with a qgram threshold of 0.4 or above.  

Among these matching strategies, all of the exact matches were recorded without further 
scrutiny.  Where individuals were matched within matched addresses, these were referred for 
clerical confirmation where there were name discrepancies, where sex was uncoded and 
where there was error in dates of birth.  All matches within postcodes and local authorities 
were referred to clerical matchers for review, as were duplicate matches and all matches 
identified through the probabilistic strategies. 

Remaining unmatched patient registrations were searched for clerically firstly across the local 
authority and secondly through ‘associated address’ information.  This involved looking at 
questionnaires where census respondents had listed the Patient Register address as their usual 
address one year ago, as a second residence or as a usual residence for visitors. Clerical 
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matchers were able to carry out free text searches on name and address and any combination 
of day, month and year. 

A further person matching stage involved searching, using a combination of fuzzy matching 
algorithms, across England and Wales as a whole.  Finally, to identify census matches missed 
because of potential data scanning error, census form images were checked. 

Any remaining unmatched patient registrations were matched against the Electoral Register, 
HESA and School Census data.  Presence on any of these sources was used to ‘confirm’, for 
analytical and reporting purposes, an NHS patient, missed by census.   

4.4 Residual Resolution- Persons 

This was an analytic stage that used all available information to assess whether patient 
registrations that remained unmatched were still resident at the address provided in the 
Patient Register, or elsewhere in England and Wales. 

The analysis included checking to see whether patient registrations in 2011 had been de-
registered by 2012, although this information was of limited value as there was no indication 
of a date that the de-registration took place; someone de-registered by April 2012 may have 
been present on census day, 27 March 2011. 

A check was made for duplicate records within the Patient Register.  In addition, the England 
and Wales database was searched for residual records at new addresses.  Finally, all available 
information for the addresses and households that unmatched patient registrations were 
associated with were checked for evidence that these were ‘ghost’ registrations, left at an old 
address because the individual had either moved house and not registered with a new GP or 
had left the country.   

 

5.  Results and further analysis 

 

In addition to the individual data discrepancies we were able to investigate using record 
matching, some general findings emerged.  The most important of these for Census QA was 
in relation to the Patient Register, which has been used by a number of local authorities to 
question their Census estimates.  The matching found a clear pattern of Patient Register list 
inflation that varied by age and sex and in different types of geography.  Census and the 
Patient Register were largely in agreement for under-18s and over-65s.  Among the student-
age population, often there was an undercount in the Patient Register which could be 
explained by students travelling away from home and not yet registering with a GP, though 
this was not consistent across all university towns.  In university towns and particularly in 
Inner London, there were Patient Register overcounts among young adults, which continued 
but declined with age, and this was more marked for men than for women.  This can be 
explained by a lack of timeliness in the Patient Register, with men less likely than women to 
update their patient registrations when they move. 

Further matching sought to bring all available evidence to bear on unmatched Patient 
Register residuals to assess the likelihood that they were present, and missed by Census, or 
that they were no longer there.  Results will be published more fully during Spring 2013. 
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6. Conclusions 

 

Quality assurance of the 2011 Census used record-level matching to help explain 
discrepancies that could not be resolved at the aggregate level. This uncovered new evidence 
of the relationship between Census and other administrative sources. Most usefully, we 
gained greater understanding of the relationship between Census and the Patient Register.  
The latter is often used as a comparator for Census as it has near-universal coverage. 

Record matching was labour-intensive and reserved as a contingency. The imperative for 
timely results during the Census QA process together with uncertainty about the data to be 
matched and areas to be investigated meant that systems and processes necessarily 
incorporated the ability to respond flexibly to the research questions that arose.  The data 
architecture that was developed for Census and administrative data matching was fit for 
purpose and delivered valuable evidence, both for Census QA and more widely, to inform 
future record matching.  For the future, there is a requirement to identify and develop a more 
robust system for storing multi-level data, with the possibility of one-to-many- matches 
between records and data levels, which can provide the same functional flexibility. 
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Abstract 
   

A transport planning and transport decision at all levels requires understanding of 

actual conditions with traffic flows. This involves the details of traffic flows, which 

usually consist of vehicle types and speeds, knowledge of trip length and trip purpose, 

trip frequency and origin/destination for trips, etc. The first group of data dealing with 

the characteristics of vehicle or people movement is obtained by undertaking traffic 

counts. All survey techniques represent a compromise between the goals of the 

survey, the resources available, the coverage that is feasible, and the amount of data to 

be collected. Authors present the comparative analysis of modern traffic flow 

measurement technologies, and also, existing technical devices and systems of 

moving transport detection for traffic flows survey in Latvia. 
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1. Introduction 

  

In Europe urban areas generate approximately 85% of the EU gross domestic product, 

and such areas are considered to be the driving force to European economics. Cities 

turn out to be the crucial factor for the largest part of European citizens, who should 

be provided with as high living standards as possible. The need for the “correct” 

decision-making by solving the transport problems and trying to choose the optimal 

solution is a matter-of-course for any government in the world. A transport planning 

and transport decision at all levels requires understanding of actual conditions with 

traffic flows (Yurshevich and Yatskiv 2012). This involves the details of traffic flows, 

which usually consist of vehicle types and speeds, knowledge of trip length and 

frequency, trip purpose, origin/destination for trips etc. The part of data is obtained by 

undertaking traffic counts.  

But the number of data traffic application is big and transport modelling is only one of 

it. Intelligent transport systems (ITS) are also one of the main users of traffic data. 

The problem of traffic data in different aspects is a subject to be studied. In the world 

http://research.tsi.lv/index.php?option=com_jresearch&view=member&id=10&task=show&Itemid=64&lang=en
http://research.tsi.lv/index.php?option=com_jresearch&view=member&id=11&task=show&Itemid=64&lang=en


there is quite a number of theoretical and experimental researches (Taylor et al. 

(2000), Bar-Gera (2007), Klein (2001), Frederich (2008), Hall (2001), etc.) done in 

the mentioned sphere. Research about population mobility includes the traffic survey 

technologies investigation as well (Stopher 2006). Meanwhile the discussion about the 

potentials and bottlenecks related to new technologies is apeared, for example Leduc 

(2008). This current work is the continuation of the investigation in modern traffic 

measurements technologies. 

 

2. The Data Required for the Transport System Modelling 
 

The level of performance of transportation system functioning depends on the quality 

of decision-making at all stage of Urban Transportation System (UTS) life cycle 

functioning. At the strategic level there are considered the questions of spatial  

planning, transportation network and its infrastructure development, detours 

construction, etc.; formed the plans of transportation network strategic development; 

considered the questions of the economic policy according the commercial and public 

transport; decision-making according the systematic survey of transportation systems 

survey and data collection, etc. At the tactical level the questions according the 

existing transportation network fragments reconstruction and the new construction on 

the base of existing strategic plan of development are considered. At that level the 

tasks of traffic flow coordination and control are decided as well. At the operational 

level there are considered the local problems of some transportation network 

fragments as well as the tasks of traffic control at micro level: the cycles of the light 

signals groups functioning regulation, public transport stop places disposition, the 

consideration of the lane for public transport creation, changing of the speed regime, 

etc.  

Decision taking with regard to all aspects of UTS planning and management is a 

complex process which requires consideration of the current state of traffic and 

transportation network, its configuration, its future condition forecast, the relevance of 

someone or other route, weather conditions, location of zones of influence, 

preferences in selecting travel  mode, and many other factors. The standard practice 

applied when managing such complicated systems is – using simulation modelling 

either as a part of Decision Support System (DSS) or singly. There are three 

approaches in the field of traffic simulation:  the macro-, the meso- and the 

microscopic ones. They differ by the way of presentation of the traffic flow and the 

level of information describing transport network and road users. The macroscopic 

approach is meant for solving strategic problems of TS management at the city overall 

level; the approach presents the transportation system and the traffic flow with a very 

high degree of abstraction. Microscopic modelling, in its turn, is aimed mainly at 

tactical planning and tactical solution of operational tasks, and enables one to 

investigate the transport network and the properties of traffic flow (including its 

participants) with a high degree of particularization.  The mesoscopic approach is 

used for modelling of some fragments of transportation network for tactical decision-

making and distinguished by the fact that flow of traffic is presented as a 

disaggregated but without detailed description of individual vehicles behaviour.  

The macroscopic and microscopic approach uses different kinds of transportation 

network data. These data are presented in the Table 1. 

Considering the modelling application as a part of DSS it is important to provide the 

permanent the relevant and actual data collection from the real transportation network 

and storing in DSS data bases. A vital role in this process may to play the ITS that 



provides the set of the tools and equipment for traffic flow parameters measurement. 

The several procedures of traffic data collection were considered by Hall (2001). 

These methods cannot provide the collection of all data that are presented in the Table 

1 but some of them are possible. The comparative analysis of those methods, used 

technologies and collected data of traffic is presented in the Table 2. 

 

Table 1. Data necessary for macroscopic and microscopic modelling application 

The stage Data 
Macro

scopic 

Micro 

scopic 

modelling 

M
o
d

el
 c

o
n

st
ru

ct
io

n
 

The map of transportation network ● ● 

The types of transport modes and demand on them  ● ● 

Zone division of the town ● ● 

Demand on transportation ● ● 

Rates of flow  ● 

Traffic volumes on the fragments of network ● ● 

Public transport system schedule and routes ● ● 

OD-matrix ● ● 

Traffic distribution by the routes at intersections  ● 

Light signal groups schedule ● ● 

Traffic flow density ●  

M
o
d

el
 v

a
li

d
a
ti

o
n

 a
n

d
 

ca
li

b
ra

ti
o
n

 

Travel time at fragments of transportation network ● ● 

Average speed  ● ● 

Speed and travel time trajectories  ● 

Queues characteristics  ● 

Time delays  ● 

Level of emissions   ● 

Occupancy ● ● 

Time headway between vehicles  ● 

Spacingor space headway between vehicles (distance per 

vehicle) 

 ● 

Traffic volumes on the fragments of network ● ● 

 

The sustainability of flow rates measures on high volume of traffic depends on from 

the time interval of measurement. For example, the time interval of 30 sec may give 

more unsustainable results than the time interval of 5, 10 or 15 minutes. The effect of 

different measurement intervals on the nature of resulting data was shown by 

Rothrock and Keefer in 1957 (Hall 2001). The sustainability of average speed 

estimation depends on the way of its calculation, the used parameters, the state of 

traffic and considered assumptions. There are distinguished several kinds of speed 

estimation: 

 speed at point of road - instantaneous speed (radar, microwave, two closely 

spaced inductive loops) 

 average speed over segment of the road by length D 

 average arithmetic speed calculated as an averaged sum of 

measured values of speed    of N vehicles: 

 ̅  
 

 
∑   
 
   ,    (1) 

 space mean speed calculated as a distance D divided on the average 

sum or travel times    of  N vehicles: 

 ̅  
 

 

 
∑   
 
 

,    (2) 



 harmonic mean of the individual vehicle speeds: 

 ̅  
 

 

 
∑   
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∑

 

  

 
 

,   (3) 

 average speed of all vehicles on a section of road at one instant time. 

 

Table 2. Comparative analysis of technologies for traffic flow characteristic measure  

Method Technologies Measured Characteristics 
Measurement at a 

point 
 hand tally 

 pneumatic tubes 

 point detectors based on 

inductive loop, microware, 

radar, photocell, ultrasonic, 

video cameras 

 volume 

 rates of flow  

 time headways 

 speed at a point (by microware 

detector and radar) 

 density is calculated 

Measurement over a 

short section 

(section length is 

less than about 10 

meters) 

 pneumatic tube placed very 

close the first tube 

 Paired detectors: inductive 

loops, microware beams spaced 

perhaps 5 to 6 meters apart 

 video camera  

 volume 

 speed 

 time headway 

 occupancy 

 density is calculated 

Measurement over a 

length of road 

(road length is 

usually at least 0.5 

km) 

 aerial photography 

 cameras mounted on tall 

buildings or poles 

 on basis of single frame: density 

 on basis of several frames: 

speeds, travel time  

The use of an 

observer moving in 

the traffic stream 

 floating vehicles with the other 

person on board or equipped 

speedometers  

 

 speed and travel time curves - the 

speed and travel times are 

recorded as function of time and 

location on the road 

Wide-area samples 

obtained simulta-

neously from a 

number of vehicles 

as a part of ITS 

 specially-equipped vehicles 

have the communications to the 

central information system  

 speed (including the length roads) 

 travel time 

 

In case of speed variation of vehicle on the road segment the harmonic mean of speed 

and average arithmetic speed gives the higher average speed than the true average, 

and more appropriate way of average speed over segment calculation is a space mean 

speed that requires only the travel time’s measure. Hall (2001) mentioned that it was 

shown mathematically   that a distribution of speeds collected in this fashion would be 

identical to the true distribution of speeds, whereas speeds collected over time at one 

point on the road would not match the true distribution. But he assumes an 

"isoveloxic" model, one in which each car follows a linear trajectory in the space time 

diagram, and is not forced to change speed when overtaking another. Also Hall (2001) 

notes that for computations involving mean speeds to be theoretically correct, it is 

better use the space mean speed, rather than time mean speed, but the speed 

measurements on free flow way and on congested traffic flow (stop-and-go regime of 

driving) are different. Several authors proposed different ways of average speed 

measurement for congested traffic flow. 

 

 

 



3. Technical Devices and Systems of Moving Transport Detection  
 

All survey techniques represent a compromise between the goals of the survey, the 

resources available, the coverage that is feasible, and the amount of data to be 

collected. According to aims, appropriated costs, and quality requirements it can be 

selected one of the existing technologies for data collection. Currently, video, laser, 

radio frequency, induction, sound, and pressure sensors are mainly used as the 

engineering tools for traffic flows’ parameters (intensity, speed, direction) 

measurement (Kabashkin 1999).  

For example, Doppler radars (mobile or static) measure the change in frequency of the 

signal reflected from the object as discussed by Klein (2001). By changing the 

frequency of the signal, the radial velocity of the object (the projection of velocity on 

the straight line passing through the object and the radar) is calculated with the error 

of ±(1÷3)km/h.  

Laser radars (or lidars) use the technology of obtaining and processing information 

about remote objects by means of active optical systems utilizing the phenomenon of 

light reflection and dispersion in transparent and translucent media as discussed by Le 

Chevalier (2002). Its accuracy seriously depends on weather conditions (snow, rains, 

and dust). Both of radar and lidar technologies have a major disadvantage in the 

feature that the speed of one moving vehicle can be detected each time only. It has 

been used mainly by road policy for speed overriding fixation and safety control. 

Photo (video) radar has a number of opportunities for the registration of moving 

vehicles. This is the best method for measuring traffic flows and speeds in static 

mode. This type of radar can store information in some cases to pass this information 

via radio to a remote mobile post. The problem of measuring at night is solved by 

using infrared (IR) illumination. Despite the large number of possibilities, this method 

has its disadvantages. To obtain a clear picture there should be moderate visibility and 

wet weather. Also, possible problem may be with the fixation of several vehicles 

simultaneously. This type of the radar can be situated above the road for the best 

usage as counter/speedometer or used in mobile mode if use the methods of image 

processing (“corner dots” analysis) for selection of vehicles from different lanes and 

directions as discussed previously (Grakovski and Murza 2010). 

Inductive sensors (loops) are designed for detecting the moving vehicles (Kabashkin 

1999). In a simplified form the inductive sensor is a wire, which is placed under the 

asphalt surface and is connected to the controller (Fig.1). The sensor works on the 

principle of inductance while driving the car through it. The disadvantage of this 

method is that it requires a destruction of the road surface for laying inductive loops 

with the special permission from road owner.  

Inductive loop sensors mainly are used as traffic counters but it can classify the type 

of vehicle by the iron mass, select heavy hauler and trailer, but applied in pair it can 

detect the speed of the vehicle with the accuracy of ±1%.  

An implementation of acoustic sensors (pair of two cross-directed microphones) is 

limited by the weather conditions, probabilistic noise, and short time of exploitation 

as presented by Grakovski et al. (2010). It also cannot measure the parameters of 

several vehicles simultaneously. The microphones situated near the road, can produce 

the signals proceeded by the digital signal processing methods with signal recognition 

in spectrum domain. Especially, acoustic sensors take the maximum of errors of 

measurement in “bottleneck” conditions (high density of vehicles with relatively low 

speed). Usually, it is used as the sensors of accident on the crossroads (frequency 

selection for the glass break noise).  



 

Figure 1. Inductive loop sensors and WEB interface for road’s statistics obtaining in 

Latvia (www.lvceli.lv/traffic/) 

 

Pressure (piezoelectric, tensor, fibre-optic cable (FOS)) sensors (Fig.2) are composed 

of two screw elements, which are separated by some distance. Once the transport 

front wheels have crossed the first push element, the receiver gives a signal of timer 

start. It may become the quantity, speed, weight and direction measurement tool 

(Batenko et al. 2011). The accuracy of speed measurement here is less than 1%. 

The disadvantages of such sensors are the need to install it into the pavement, 

dependence on the weather conditions (temperature and ice on the strip) but, on the 

other hand, the time of usage of FOS more than other pressure sensors (till 20 years).  
 

Figure 2. Location and waveform of the fibre optic sensor (FOS),  

(a) voltage, (b) visibility losses, (c) sensor’s position against the wheel and wheel’s 

footprint, (d) measured parameters for weight calculation 

The information about vehicle’s weight can be helpful too for understanding the 

reasons of the trip or (for passenger transport) correlates with the number of 

passengers on a board. 

http://www.lvceli.lv/traffic/


The deployment of a network of such sensors requires significant financial resources, 

and sometimes also additional construction work. Installation, maintenance and 

protection of an expensive network of sensors and their channels of communication 

make the creation of full-scale ITS rather expensive, which is not affordable for all. 

The satellite or airborne photo, IR or microwave radar data for regional traffic flows 

analysis cannot fulfil permanent surveillance and satellite positioning over territory. It 

requires data image processing algorithms application for counting of number of 

vehicles on interested territories but it can give the analysis of situation at moment 

time simultaneously. It is an expensive tool and also it depends on the weather 

conditions. 

Most appropriate for traffic flows data collection the Automated Vehicle Location 

systems (AVL) usage seems, based on Global Positioning System (GPS) technology 

(Fig.3). It is the main difference between usual GPS navigator (including i-phone) and 

AVL system receiver. The owners of navigation services mainly are private 

companies (excluding state special services). They offer the GPS navigation and 

routing based on real traffic conditions but their GPS receivers has additional 

transmitter function (GSM/GPRS/Wi-Fi/Bluetooth channel) let to obtain the position 

of each client into temporal database of the company. According to this data one can 

obtain the intensity of traffic in interested city’s region from on-line service.  

Due to relatively low representativeness of this data (small number of these 

companies’ clients), GPS data includes itself some differences from real situation 

(time delay in speed data receiving on concrete road). It’s impossible to obtain the 

intensity of traffic flows from these data only calculated speed of partucular client’s 

vehicle after passing of any slot of the street.The accuracy of speed measurement by 

GPS navigator strongly depends on the number of GPS satellites seen at the moment 

of measurement by receiver (usually from 4 to 14). So, the error of positioning and, 

respectively, speed may be deviated on (1-10)%. 
 

Figure 3. GPS surveillance data based on clients information (problematic roads are 

painted according to traffic from “lightly green” – empty till “red” – “bottlenecks”) 

from www.kartes.lv/sastregumi 

 

Another way is the use of cellular mobile phone GSM data processing (Fig.4) for 

routes reconstruction (Kabashkin 1999, Frederich et al. 2008). There are few variants 

of cellular mobile phone data processing. At first, it is possible to use the billing 

center information data from cellular communication network. Decoding of data from 

the billing center database during given time period (hour, day, etc.) it is possible to 

http://www.kartes.lv/sastregumi


track and reconstruct the route of each subscriber by analysis of sequence of mobile 

network cells (base stations) where calls of the subscruber was observed. This kind of 

data has not huge volume and can be proceeded on appropriate time. 

 

Figure 4. GSM surveillance data based on (a) cellular phone’s position triangulation, 

(b) its tracking, (c) route reconstruction as well as the OD-matrix visual interpretation 
 

The second variant consists on active mobile phone localisation inside cell using 

GSM triangulation method (see Fig.4(a)), and surveillance of its route during defined 

time period. This methos gives the accuracy of positionning approximately 30-125 

meters (depends on base stations density and weather conditions) and asks the giant 

resources for representativeness, usually it is used by policy and other state special 

services, and can be applied according to legislation on basis of Court solution only. It 

can classify walking subcsriber or moving by transport (exclude “bottleneck” 

situation where the speed of pedestrian and vehicle can be the same). The deviation of 

speed measurement can be significant – till 10-50%. 

The third variant includes itself the data of each subcsriber ID identification (Cell ID) 

when base station service zone is changed. This data has a huge volume, it distributes 

on a lot of cellular networks base station’s databases. Usually, the mobile phone 

operator companies have not saved this data in centralised manner, and it is 

problematic to assemble (copy) enough data set into common temporal database 

resource as well as to analyse and reconstruct the routes of all subscribers into the so-

called “Origin-Destination” or OD-matrix (Frederich et al. 2008). 

Combination of cell identification technology (Cell ID) and Round Trip Time (RTT) 

together with the Forced Soft Handover (FSHO) algorithm can decrease the errors of 

positioning till 16-25 meters but the errors in velocity estimation will be significant 

too (Borkowski et al. 2004). It means that using GSM data one can estimate any 

average speed of transportation during the route only for determination of possible 

mode of transportation if need. Main complexity of this approach is in the huge data 

volume processing as well as Data Mining methods application need for moving 

vehicles data extracting from the mobile network data flows. 

All of these three variants of GSM data application have one the same problem in 

implementation. Still here we meet the restrictions of Personal Data Security and 

Commercial Privacy legislation. There are some ways how to avoid it by the 

exclusion of personal information from the data. The simplest and more effective way 

is to replace automatically all real identificators (SIM or phone numbers) in the data 

set by any conditional ID sequence directly during data copying process into common 

temporal database resource for analysis and processing. 

The implementation of radio frequency identification (RFID) technologies for traffic 

flow analysis mostly similar to AVL/GPS system or static video, laser, radio 



frequency, induction, sound, and pressure sensors systems because of need for 

additional equipment of vehicles by RFID markers (tags) as well as need for the 

roadside equipment by the network of RFID sensors (readers). Some countries 

actively use RFID systems for toll roads, city parking, border and custom control etc. 

Of course, if possible, RFID system can be involved into combinated traffic data 

collection system, but it is also relatively expensive in design and maintenance for the 

role of main data source.The comparison between existing measurement technologies 

for traffic flow data collection is presented in Table 3. 
 

Table 3. Traffic flow measurement technologies comparison 

Technology 
Point  

counter 

Speedome-

ter, 

accuracy 

(%) 

Real time 

data 

Additional 

data 

Dependen 

ce on 

weather 

conditions 

Data 

availabi-

lity for 

public 

\scientific 

Direct measurement technologies 
Human resources 

(counters) 
Yes No No VT

1 
Yes Yes 

Questionnaires during 

annual technical inspection   
Yes No No 

Trip 

purpose, 

VT, perso-

nal data 

No Yes 

Pressure (piezo-, tenso-, 

fibre-optic & air sensors) 
Yes Yes, <1% Yes Weight, VT No Yes 

Inductive & magneto-

metric sensors 
Yes Yes, <1% Yes VT No Yes 

Sound & ultra-sonic 

sensors 
Yes No Yes VT Yes No 

Photo/Video & IR sensors 
Yes 

Yes, 

<5km/h 
Yes 

VT, plate 

number 
Yes No 

Radar (Microwave&Laser) 
Yes 

Yes, 

<3km/h 
Yes VT Yes No 

Indirect measurement technologies 
RFID systems 

Yes No Yes 

Client’s ID, 

route, 

weight 

No No 

GPS navigation systems Yes No No Client’s ID Yes No 

GSM/GPRS triangulation Average Average No No Yes No 

Noise intensity monitoring Average No No No Yes No 

Air pollution & quality 

(CO, CO2) 
Average No No No Yes No 

Airplane (photo & spectra-

zoned camera) surveillance 
Yes Yes Yes/No No Yes No 

Satellite (photo & spectra-

zoned camera) surveillance 
Yes Yes Yes/No No Yes No 

1  
- VT – vehicle type.  

 

3. Conclusion and Discussion 
 

Under pressure on improving traffic management, collecting traffic data technologies 

have been evolving considerably. The main point in research – is a review of 

technologies thatcan be very useful to provide real data for calibration of historical 

traffic models and inputs to dynamic traffic models. Authors present the comparative 

analysis of modern traffic flow measurement technologies, and also, existing technical 

devices and systems of moving transport detection for traffic flows survey in Latvia. 



It should be stressed upon that the most problematic that still here we meet the 

restrictions of Personal Data Security and Commercial Privacy legislation. There are 

some ways how to avoid it by the exclusion of personal information from the data. 

Main complexity of this approach is in the huge data volume processing as well as 

Data Mining methods application for moving vehicles data extracting from the mobile 

network data flows. 
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Abstract  
   
The continuous increase in the amount of information that needs to be processed and the 
necessity to reduce the time spent on data classification have directed researchers’ 
interest towards new modelling techniques. Artificial neural networks are non-parametric 
estimation methods which have proven high flexibility in modelling the data from all 
types of areas. Considering the current economic context which has determined financial 
institutions to raise protection against default event that might incur in case of 
companies’ loans, this paper tests artificial neural networks against traditional techniques 
in a credit risk assessment process. Even if logistic regression and decision trees proved 
good results, neural networks outperformed the other two methods, providing the highest 
overall detection rate and still keeping its generalization capacity on the out-of-sample set 
at a high level. 
 
 
Keywords: neural networks, decision trees, logistic regression 
 
 
1. Introduction  
 
Data classification has become an important issue, as the amount of information that is 
generated and needs to be handled has significantly increased. Modellers have to choose 
between the easiness of using traditional techniques and the complexity of newer 
methods which in the end might, nevertheless, generate better results. 
Using the loan information provided by a Romanian credit institution on small-medium 
enterprises (henceforth also SMEs), this paper focuses on identifying the best model in 
terms of default prediction, but also in terms of flexibility in operating with the data.  
In Section 2, a brief description of SMEs credit quality in Romania will be brought to 
discussion. Related studies regarding the evaluation of companies’ credit quality using 
decision trees, logistic regression and neural networks will be presented in Section 3. 
Afterwards, variable selection and sampling information regarding the data used in the 
analysis will be provided. In Section 5 of the paper, the estimation credit risk models will 
be developed and their results will be detailed. The sixth part focuses on making a 
comparative assessment of the three models used, while the last one concludes the main 
aspects in respect with the best model emerged from the performed analysis. 
 
 



 
 

2. SMEs in Romania – Access to financing and creditworthiness 
 
SMEs play an important role within national economy, especially trough the high 
contribution of working places from the labour market, but also through the increased 
potential of adapting their supplies to consumer demands and needs.  
However, over the past three years, in the context of the financial and economic crisis, 
SMEs have been very affected by limited access to financing. This is mainly because of 
higher risks they are exposed to and also because of increased restrictions imposed by the 
National Regulator on the lending activity. Publications from the National Bank of 
Romania (2012, p. 12) have defined rather “concerning” SMEs’ access to financing, with 
an increase of only 4.9% in loan amounts over the time period December 2010 – June 
2012, compared with large companies where the rise has been of 8.2%. During December 
2008 – December 2011, the number of SMEs with loans granted by resident financial 
institutions has decreased by 16.5%, down to 76,000, the total rate of SMEs with loans 
reaching only 21% out of the overall Romanian active small-medium enterprises. 
At the same time, SMEs credit risk has faced a rise, the rate of nonperforming loans 
(defined as loans and interests with more than 90 days past dues and/or those for which 
legal enforcement acts have been initiated on the activity or on the debtor, related to all 
registered credits and interests) reaching 23.2% in July 2012, compared with 15.1% in 
December 2010. This is the result of subunit interest coverage ratio, decreasing cash 
flows generated by the main activity, and also decreasing gross profit margin that SMEs 
have faced during the economic crisis.  
 
 
3. Credit risk models and related studies 
 
The accelerated increase in the rate of nonperforming loans, along with additional 
prudential requirements imposed on the lending activity by the National Bank of 
Romania, have raised the need for financial institutions to develop advanced credit risk 
models, capable of estimating the creditworthiness of loan applicants. This is an 
important process, not only because it impacts the quality of the lending activity, but it 
also influences the value of capital requirements that the banks must hold in order to keep 
the risk within bearable parameters. According to Dietsch and Petey (2004), SMEs 
induce a higher credit risk compared with large companies, but they also can bring more 
benefits by representing a large number of potential clients. 
Originally introduced by Altman (1968), multiple discriminant analysis became a 
common and easy to understand method in estimating the credit risk through the z-score, 
which consisted of five financial variables (out of 22 analysed). These, combined in a 
model and applied on a set of 66 manufacturing firms, were capable of predicting the 
bankruptcy event. Later, Altman et al. (1977) gave further evidence on the performance 
of the z-score model through the improvements brought to the variables used (“Zeta 
model”). Since then, various methods have been used for default prediction, each having 
its upsides and limitations. 
Next, a particular interest will be paid to three default estimation techniques, namely 
decision trees, logistic regression and neural networks. 
 



 
 

 
3.1. Decision Trees 
 
Decision trees are classification techniques, organized in tree-like graphs, with decision 
branches, and with possible results as leafs. These methods are based on maximizing the 
performance measure chosen as related to the target variable. Even though it is fairly easy 
to understand its output (“white-box” character), decision trees approach has a rather 
restrictive capacity in generalizing the results and in handling large number of variables.  
Frydman et al. (1985) showed that results obtained through Recursive Partitioning 
Algorithm outperform discriminant analysis when using financial variables for credit risk 
evaluation. Also, Simha and Satchidananda (2006) used the agricultural loan information 
provided by two banks from India to predict default risk using both decision tree learning 
scheme and logistic regression method. They found that decision trees technique 
generated good results (the overall default precision using decision trees was 90%, while 
using logistic regression was 83%) and have the benefit of being easy to understand and 
implement. 
 
 
3.2. Logistic regression 
 
Binary logistic regression is a common technique used for estimating the probability of a 
certain event happening. This approach does not make any assumptions regarding the 
normal distribution of variables, it is based on the maximum likelihood method and it is 
easy to interpret in terms of probability because the output varies between 0 and 1. The 
logistic regression (logit) estimates the probabilities that each event happens as follows:  
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Where, }1,0{∈iy  is the binary target variable, X  a n-dimensional input vector, W  is the 

vector of parameters and 0w  is the intercept. For parameter estimation, the maximum 
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Where, N is the number of observations from the development sample. Using Newton-
Raphson algorithm, the LogL function will be maximized. The logistic regression 
assumes a linear decision boundary, therefore it is necessary that )|1( XyP = , or a 
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Logistic regression has been widely used for credit risk purposes. In order to avoid the 
limitations imposed by the multiple discriminant analysis, Ohlson (1980) performed a 
logistic regression to predict company bankruptcy using nine predictors. Also, Behr et al. 
(2004) applied a binary logistic regression on a set of quantitative and qualitative 
indicators in order to predict the default event at SMEs with loans from a big bank in 
Germany. Altman and Sabato (2007) performed the logistic regression on a sample of 
2,000 US SMEs in order to develop a credit risk model. One year later, Yazdanfar and 
Nilsson (2008) identified the main predictors of SME’s bankruptcy in Sweden. Using 
multiple discriminant analysis and logistic regression, the accuracy ratios were higher in 
case of the latter approach (77.8% up to 83.5% in case of logistic regression, compared 
with 75.4% up to 82.8% in case of discriminant analysis).  
 
 
3.3. Artificial Neural Networks 
 
Artificial Neural Networks (henceforth also ANNs) are learning techniques developed 
after the way in which the human brain behaves. These are capable of modifying their 
internal parameters and adapting themselves in order to reach certain results. ANNs are 
composed of neurons (nodes) which are interconnected in a pre-specified way, depending 
on the type of neural network. These connections represent weights associated with the 
intensity and the amount of information used in the learning process. Given their lack of 
transparency in model building, ANNs are considered “black-boxes”, but after the proper 
architecture is chosen they nevertheless provide good results and have a high 
generalization power, if the learning process stops in time.  
Multilayer perceptron (MLP) using the “back-propagation” learning algorithm is one of 
the most common types of neural networks used in credit risk modelling. A MLP 
contains an input layer, one or more hidden layers and an output layer, and operates in a 
feed-forward manner (each neuron from a layer is connected to each neuron from the 
next layer). The outputs from hidden and output layers are generated as a weighted sum 
of the bias and the weighted inputs using transfer functions. The most common types of 
transfer functions are sigmoid, hyperbolic tangent and linear. The weights from the 
hidden and output layers are initialized in a random manner and afterwards are iteratively 
adjusted in order to minimize the error function.  
Wu and Wang (2000) used small business financial information provided by an important 
New York bank to develop a credit decision tool based on neural networks. Compared 
with other traditional methods, ANNs proved to have high predictive power, generating 
good results with reduced evaluation time and costs. Pang et al. (2002) used MLP to 
generate a credit-scoring model for companies applying for loans in China. Results 
indicated high capacity of the model in discriminating between “good” and “bad” (risky) 
companies. Also, Vallini et al. (2009) used neural networks, multiple discriminant 
analysis (MDA) and logistic regression to predict the default event at SMEs on a sample 
of 6,113 Italian firms. Compared with the traditional MDA and logistic regression 
techniques which reached overall detection rates of 65.9% and 67.2% respectively, ANNs 
generated better results, with a correct classification rate of 68.4%. 



 
 

 
 
4. Dataset and variable selection 
 
For this study, small-medium enterprises loan information from a Romanian financial 
institution was taken into consideration. SMEs were picked based on the size of the 
annual net turnover; following the bank’s internal segmentation, were categorized as 
SMEs those companies having less than 10 MEUR net turnover at the end of 2010. 
Afterwards, all selected SMEs were observed over the time period 1st of January 2011 – 
31st of December 2011 and were assigned with the following status in terms of default 
event: i) “non-default” = no default event in 2011, ii) “default” = default event in 2011. 
Default was defined as one of the following events: more than 90 days in overdue, 
specific provisions required, insolvency case, or restructuring case. The final database 
consisted of 1,015 non-default enterprises and 264 default SMEs, generating an overall 
default rate of 20.64%. 
Altman and Narayanan (1997) have pointed out the need of including financial 
information related to the following categories: profitability, debt coverage and leverage, 
liquidity, capitalization ratios, and earnings variability. Going deeper, Hayden (2003) 
analyzed the following extended categories of financial ratios as possible predictors of 
the default event: leverage, debt coverage, liquidity, activity, productivity, turnover, 
profitability, size, and growth. Some of these were also considered in the present paper as 
candidates for a default prediction model development.  
However, as sometimes financial variables are not the only triggers of a default, 
qualitative data was also taken into consideration. Lehmann (2003) proved that the 
default estimation model significantly improved when soft facts information was 
included in the model. For the current analysis, the individual accuracy ratios of 50 hard 
facts indicators developed from the available financial information were calculated. 
Considering the financial standings from 31st of December 2010, the accuracy ratios, and 
an optimal combination of financial categories, ten hard facts variables were chosen for 
the final model (Table 1).  
 

Table 1 – Financial Indicators 
Financial Indicator  Category 

Ordinary business income/Operating Income Profitability 
Net Income/Net sales Profitability 

Cash/Current liabilities Liquidity 
Cash/Assets Liquidity 

Bank debt/Assets Leverage 
(Net result + Interest expenses + Amortization)/Interest expenses Debt coverage 

Accounts payable/Net sales Activity 
Accounts payable/Material costs Activity 

(Net sales - Material costs)/Personnel costs Productivity 
Material costs/Operating income Productivity 

 
A particular attention was paid in avoiding high correlations between variables, by 
removing indicators when correlations coefficients exceeded 0.35 in absolute value. 



 
 

Qualitative factors included in the model are: “Management qualification and 
experience”, “Business strategy”, “Industry” and “Maximum delay so far” (if new loan 
applicants didn’t have any Credit Bureau information due to no past loans, they were 
assigned with the category “no delays”). These were also tested for their predictive power 
using the statistics weights-of-evidence and information-value. Since all four variables 
have an Information-value above 0.1, indicating good discriminatory power (Table 2), 
they were all kept in the model. However, results indicate that “Quality of the 
management” is an important aspect in SMEs business development, most of their 
activities being driven by the managers’ capacity to conduct efficient operations and 
behave operatively also within difficult conditions. 
 

Table 2 – Information value for qualitative variables 
Qualitative indicator  Information-value 

Management qualification and experience 0.5809 
Business strategy 0.3809 

Industry 0.1159 
Maximum delay so far  0.4977 

 
For evaluation purposes, the initial dataset was partitioned into training set (60%), 
validation set (25%), used for model assessment, and test set (15%), representing an out-
of-sample database. For each set, the same default rate was kept as in the initial database, 
approximately 21%. 
 
 
5. Model development and results 
 
The main focus in this paper is on identifying the model with best results in predicting the 
risky SMEs who apply for new loans. In this respect three models were configured and 
compared in terms of detection rates: decision tress, logistic regression and neural 
networks. All models were built and tested against the same datasets defined above. 
 
 
5.1. Decision trees 
 
Considering all 14 variables as possible candidates for the model, a decision tree was 
built using the following characteristics: i) the splitting rule for interval variables was F-
statistic and for nominal variables the Chi-Square statistic (both having a threshold of 0.2 
for p-value); ii) maximum branch number was set at 2; iii) maximum depth (maximum 
number of generations of nodes) and maximum categorical size (maximum number of 
observations for a categorical value) were set at 5; iv) input variables were used only 
once; v) the leaf size, which specifies the smallest number of observations from a training 
leaf, was set at 5; vi) the assessment measure was the misclassification rate on the 
validation dataset; vii) the building method was based on choosing the smallest sub-tree 
with the best results in terms of misclassification rate.  



 
 

Based on these rules, the decision tree follows the splits from Figure 1, assigning high 
importance to qualitative information, such as “Maximum delay so far” and 
“Management qualification and experience”. 
 

 
Figure 1 – Decision tree model 

 
Results available in Table 3 indicate a good overall detection rate (above 80%) on all 
three datasets at a 0.5 cut-off point. On the training dataset, as well as on the test sample, 
the decision tree model reaches a correct classification rate of 82.9%, marking a good 
profit rate. 
 

Table 3 – Decision trees results on all three datasets 
Statistics Label Training set Validation set Test set 

Average Squared Error 0.1290 0.1329 0.1431 
Overall detection rate 82.92% 83.70% 82.90% 

 
 
 5.2. Logistic regression 
 
The logistic regression was performed using the following particularities: i) the link 
function is logit; ii) nominal values were encoded using deviation method; iii) the model 
included all 14 variables. 



 
 

Results at a cut-off value of 0.5 are available in Table 4 and show a detection rate of 
85.4% on the training database. Thus, logistic regression technique has reached better 
detection rates on the training and validation samples compared with decision trees. 
However, on the test set, the model loses its generalization capacity, with an overall 
classification rate of 80.83%. 
 

Table 4 – Logistic regression results on all three datasets 
Statistics Label Training set Validation set Test set 

Average Squared Error 0.1162 0.1268 0.1347 
Overall detection rate 85.40% 84.01% 80.83% 

 
 
 5.3. Neural networks 
 
Neural networks performances are highly dependent on the model architecture and 
training process. That is why, sometimes, they require more time spent on the modelling 
part, but in the end, performance is superior to those obtained from using traditional 
statistical models. 
In this paper the neural networks model was designed using the following parameters and 
assumptions: i) the network was built in block layers (which means that hidden layers 
were added as additional layers with a uniform number of neurons); ii) the learning 
process will stop when over-fitting is detected; iii) the maximum number of iterations to 
perform during training is 15; iv) the number of hidden units is 7; v) the chosen activation 
function in the hidden and output layers is tangential; vi) the learning algorithm is “back-
propagation”. 
Results of the model built using neural networks are available in Table 5. These indicate 
better detection rates on all analysed datasets when compared with those obtained from 
using traditional statistical methods. Compared with logistic regression, the correct 
classification rate on the training sample is by 1.5pps higher, reaching 86.96%. The 
model performs good also on the test dataset, with an overall detection rate of 83.94%, 
the highest of all three analyzed techniques. 
 

Table 5 – Neural Networks results on all three datasets 
Statistics Label Training set Validation set Test set 

Average Squared Error 0.0975 0.1238 0.1278 
Overall detection rate 86.96% 86.21% 83.94% 

 
 
6. Model comparison  
 
Thus, results indicate neural networks approach as having the best performance in terms 
of predicting default applications. Even if past studies indicated neural networks as being 
very exposed to “over-fitting” phenomenon, the developed model manages to perform 
well even on the out-of-sample test set, with an 83% detection rate and, thus, a good 
generalization capacity. 
In terms of detection rates per class (“default”/”non-default”), results from Table 6 reveal 
lower performances in case of “default” applications. These are nevertheless available for 



 
 

a 0.5 cut-off point. In practice, financial institutions can modify this cut-off point in order 
to detect more default cases, but this way the precision on non-default observations will 
also decrease, forcing a trade-off. However, considering that in case of “default” events 
the banks would risk losing not only the gain from interests, but also the capital lent, it is 
wiser to choose a model that detects more “default” cases in the detriment of rejecting 
some potentially good customers. The highest detection rate for “default” customers, at a 
0.5 cut-off point, is reached by neural networks model, with 49.2% precision on the 
validation set, significantly higher compared with logistic regression and decision trees.  
 

Table 6 – Detection rates split by category 

 
Decision Trees Logistic Regression Neural Networks 

 
Training Validation Training Validation Training Validation 

“Default”  27.2% 29.2% 38.6% 36.9% 48.1% 49.2% 
“Non-default”  97.4% 97.6% 97.5% 96.1% 97.0% 95.7% 

 
The ROC (“Receiver Operating Curve”) available in Figure 2, performed on the training 
and validation datasets, strengthens the evidence of good performance provided by neural 
networks model (the closer the curve gets to the point (0,1), the better the model 
discriminates).  
 

 
Figure 2 – ROC Curve for training and validation datasets 

 
 
7. Conclusions 
 
Compared with traditional credit risk estimation techniques such as decision trees and 
logistic regression, neural networks provide the best results in terms of correctly 
classified firms, proving also flexibility when operating with large number of variables. 
Moreover, in this study, neural networks generated significantly higher detection rates for 
“default” cases, which represent in fact the main focus when developing credit risk 
models. Even if it takes more time building and configuring them, with the proper 
architecture and an optimal stopping rule, neural networks become highly performant 
techniques with a good generalization power. 
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Abstract  

 

A new tool for building synthetic populations, alleviating the drawbacks of classical 
methods, is presented. It creates both individuals and households at a quite disaggregated 
spatial level and simulates the temporal evolution of the built synthetic 
population.VirtualBelgium, this new tool, is applied on the Belgian case and is coupled 
with multi-agents models for simulating mobility behaviours. 
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1. Introduction   
 

The advent of micro simulation in many domains (like mobility, health, employment, 
etc.) increases the need for extensive disaggregate data concerning the population whose 
behaviour is modeled. Due to the cost of collecting this data and the existing privacy 
regulations, this need is often met by the creation of a synthetic population on the basis of 
aggregate data.  While several techniques for generating such a population are known, 
they suffer from a number of limitations.  The first is the need for a sample of the 
population for which fully disaggregated data must be collected, although such samples 
may not exist or may not be financially feasible.  The second limiting assumption is that 
the aggregate data used must be consistent, a situation which is most unusual because this 
data often comes from different sources and is collected, possibly at different moments, 
using different protocols. 
This communication highlights an original approach taking place in the stream of micro-
simulation models dealing with complex realities like mobility grounded on individual 
level (Orcutt, 1957). Moreover we would to take into account the dynamics of population 
and its impacts on the studied phenomena through temporal evolutions both for 
individuals and households. It is a small new brick in the lineage of models starting from 



DYNASIM (Orcutt et al., 1976) and in the wave of micro simulation for social sciences 
such as described in (Spielauer, 2009).  
Our method is an innovative synthetic population generator in the class of the Synthetic 
Reconstruction methods, whose objective is to obviate the limitations here above 
mentioned. 
In this paper, we will sketch in the first section why a synthetic population generator is a 
quite useful tool in micro-simulation. The second section will describe some current 
methods for generating synthetic populations. The third one will explain why such 
classical methods have many drawbacks for our Belgian case. Then our new generator 
will be described in the fourth section. Finally the fifth section will deal with dynamics of 
the synthetic population. In the conclusion we will highlight the use of our synthetic 
population tool for a prospective exercise for forecasting mobility demand and flows on 
an activity based model.  

 
 
2. Motivation   
 

Micro simulation means first building a data set including all the relevant characteristics 
of the considered agents and then simulating these agents’ behaviours and updating their 
characteristics according to the effects of their actions. In the domain of mobility, the 
agents are individuals and/or households. One of the dimensions which clearly play a 
main role in the mobility behavior is the spatial one. Indeed mobility is a way of 
interacting with space, of using it. Since we plan to work at micro level, we need to deal 
with these interactions on a quite disaggregated spatial meshing. Otherwise variations in 
the agents’ behaviours could not be grasped since spatial aggregation would hide any 
local change. That is why, for Belgium, we work at NUTS 5 (LAU2) level spreading our 
synthetic population amongst the 589 Belgian municipalities. Going deeper in the spatial 
disaggregation seems not relevant especially because it is quite unusual that data are 
provided at a finer level than the municipality. 
Thus, we need for our micro-simulation of a population of individuals, of households 
characterized with a couple of attributes and located at municipality level. In an ideal 
world an exhaustive database would provide all the needed characteristics of the 
population on the given spatial meshing. We all know that such a dream never occurs. 
Moreover even if such a base could be available, using it would not be so easy: probably 
privacy rules would, in most cases, prevent using these data.   
Therefore we need a methodology allowing alleviating these drawbacks. Such a method 
has to allow working with a picture of the population which is as close as possible to the 
real population.  Building a synthetic (also called virtual) population is such a tool 
(Cirillo et al., 2012). There exist a couple of methods for such a creation of a synthetic 
population. We will know sketch the main ones before showing why they are not 
appropriate for the Belgian case, which is one of the reason for the development of our 
own innovative tool, VirtualBelgium. 
 
 
3. Classical methods  
 



Most of synthetic population building techniques are grounded on the IPFP (Iterative 
Proportion Fitting Process) principles coming from Deming and Stephan’s works 
(Deming and Stephan, 1940) as it could be seen in (Beckman et al., 1996) (Wilson and 
Pownall, 1976) or (Frick and Axhausen, 2004). Roughly, it means having a representative 
sample of the population coupled with margins for the attributes characterizing this 
population. Then an individual is drawn from this sample (drawing with replacement) 
and placed in the category of the population corresponding to him/her, a category 
corresponding to the crossing of a modality for each considered characteristics. This 
process is repeated till the population built with the individuals so drawn  exhibits 
margins equal to the ones known for the real population. Broadly speaking we could say 
that it is a building method by cloning individuals from a sample. But clearly, if some 
categories are not represented in the sample, they will nor be present in the built 
population. 
This kind of “classical” method allows building a population with individuals or with 
households but not a “bi-level” population with individuals gathered in household. To 
overcome this drawback,  Guo and Bhat (Guo and Bhat, 2007) proposed a new technique, 
once more grounded on IPFP but allowing to build both synthetic individuals and 
households. 
Other methods are grounded on combinatory optimization (Voas and Williamson, 2001 – 
Huang and Williamson, 2002) but also need that a sample of the population is available. 
 
 
4. Why classical methods are not suitable for the Belgian case?   
 

If we already mentioned intrinsic drawbacks of IPFP grounded methods, mainly the 
absence of not observed, in the used sample, categories within the built population, we 
must also say that, even if these methods would be the panacea, they are not suitable for 
the Belgian case. Indeed, they all need a representative sample of the population and such 
a sample is not available for all the Belgian municipalities. Another problem is that 
consistent margins are necessary and our experience showed that the data which are 
available for Belgium are provided from different sources, were collected at different 
periods and therefore could exhibit inconsistencies in the margins computed from them. 
Examples of such incoherencies could be found in (Cornelis et al, 2005). 
 
 
5. VirtualBelgium, an innovative method for building a synthetic 
population  
  

 
All these problems and drawbacks lead us to develop an original method for building a 
synthetic population which not presents the problems described for the classical 
approaches, especially for the Belgian case. That means that this methodology needs 

• to do not be fed with a representative sample of the population; 

• to be suitable for case where that could exist incoherencies amongst the margins; 



• to allow building a synthetic population of individuals gathered in households 
according to information (margins) related to one level (individuals) or the other 
one (households). 

Since all the technical issues about this new method are fully described in (Barthelemy 
and Toint, 2012), we will only sketch here the main steps.  
The base principle is quite simple : we generate individuals and households by randomly 
drawing their characteristics from the relevant distribution at the most  spatially 
disaggregated level where they are available (e.g. some margins are available for each 
municipality but other ones are only provided at the district (LAU1) level). That means 
that the method has to deal with different levels of spatial disaggregation, making the 
hypothesis that, if the information are not available on the finest meshing, the 
distributions known for a more aggregated level could be uniformly applied for each 
“lower level” entities. Moreover the building method must keep the known correlation 
structures (i.e. comply with the cross margins which have been observed). The method 
also makes explicit use of both continuous and discrete optimization and used the chi2 
metric to estimate distances between estimated and generated distributions. 
In concrete terms, the VirtualBelgium process goes through three steps for each of the 
589 Belgian municipalities: 

a. generating a pool of individuals complying with the known margins for the 
individuals (at municipality or district level); 

b. estimating cross distributions for the households; 
c. building synthetic households by drawing their members from the pool of 

individuals. 
This new generator has been applied for constructing a synthetic population of 
approximately 10,000,000 individuals and 4,350,000 households localized in the 589 
Belgian municipalities. 
Several statistical tests as well as comparisons with IPF methods allowed us to validate 
our method (see (Barthelemy and Toint, 2012) for these validations). 
 
 
6. Evolution of the synthetic population  
 

The here above described method allows building a synthetic population for a given 
reference year. This “base” year corresponding to the period for which observations are 
available, for which data have been collected (however, in real cases, some extrapolation 
is applied since the provided margins are not always all related to the same year). For 
prospective exercises, for forecasting, we need to develop mechanisms allowing 
simulating temporal evolution of the built synthetic population. This aspect is a crucial 
step for dynamic micro-simulations as individuals and households change over time. For 
instance, individuals are aging, can get married or divorced, have children, and eventually 
die. All these changes can potentially have a significant influence on their behaviour. In 
VirtualBelgium the population can be endogenously evolved as the model is running. 
Since any modification of an individual agent’s attribute potentially affect his/her 



household, the dynamic evolution of the population is done at the household level. For 
every household in the simulation, the following steps are performed: 

• household individuals’ages are incremented; 

• possibly new babies are added to the household; 

• dead individuals are removed; 
• individuals’activity status and education level are updated; 
• individuals are removed from the household that are wishing to leave it, and a 

new household is created for each of them;  
• the household are splitted in two in case of divorce;  
• the individuals are get married. 

First, we use known fecundity and mortality rates (at municipality level) either 
«instantaneously » (i.e. the ones known for the reference year) or through trends (i.e. 
taking into account the evolution of these rates along the last years)  to estimate how the 
pyramid of ages will evolve in the future. 
For the other attributes characterizing the population (either at individuals” or 
households’ level), different techniques could be used according to which data are 
available. This part of the development is currently undertaken and we think about two 
main methods for simulating these temporal evolutions: 

• transition matrices; 

• discrete choice models (RUM) (Train, 2003). 
In the first case, we measure, from observations, which are the probabilities for jumping 
from a state to another one (e.g., for a household, the probability of jumping from the 
« without child » state to the « with a child » state). These probabilities could be uniform 
amongst the population and vary according to some other characteristics (e.g., for the 
here above example, the probabilities could change with the age of the family head) if 
data allowing such a segmentation are available. Then these probabilities are applied on 
the synthetic population to simulate its temporal evolution. Such a process means that we 
postulate that the trends in the changes of state remain constant along the years. But it is 
only a “business as usual” scenario which could be replaced with other prospective 
simulations taking into account changing trends in the future. 
For the second case, the value of some attributes is estimated from the values of other 
ones (e.g., driving license ownership according to age, gender or diploma). This 
estimating relies on a discrete choice model calibrated on the available observations and 
then applied for the evolution (following evolution of explicative variables based on other 
mechanisms). 
Note that the evolution time-step corresponds to one year and each sub-step corresponds 
to a single model.  
 
 
7. Conclusion  
 

VirtualBelgium is a platform aiming integration, consolidation and combination of 
multiple data sources. Indeed, using different statistical data bases and surveys, it is 
possible to characterize these synthetic individuals and households with relevant factors 
determining their behaviour in domains like mobility, employment, health, etc.  



Moreover, VirtualBelgium aims at developing understanding of the evolution of the 
Belgian population using simulation and considers various aspects of this evolution 
(demographics, residential choices, activity patterns, mobility ...). To achieve this goal, 
VirtualBelgium uses an agent-based methodology in order to simulate the evolution of 
the synthetic population. 
Based on statistical inputs and surveys results, it is also possible to estimate trends or to 
build scenarios for the temporal evolution of these factors. Therefore, it is possible 
through VirtualBelgium to undertake prospective exercises. For example, the mobility 
behaviour is modeled using an activity-based approach in which the travel demand is 
derived from the activities that the individuals need to perform. This approach has the 
advantage of reflecting the scheduling process of activities in time and space. 
Consequently, an agenda (or activity chain) is assigned to the individual agents in 
addition to their basic attributes. This agenda consist of sequence of activities. Each 
activity is defined by three attributes: purpose, duration, distance to be travelled to reach 
the activity. About 10.000 different activity chains patterns could be extracted from the 
Belgian national mobility survey. The duration and distance travelled for each activity are 
also derived from the same data source. It is assumed that every activity chains begins 
and end at the individual's home. Moreover the total duration of an activity chains must 
be less than 24 hours. These assumptions seem fairly acceptable for a large majority of 
the population of interest.  
One can easily see that the difficulty is to merge these various models into a consistent 
and modular “super-model”. The modularity requirement is crucial in the sense that the 
agents in VirtualBelgium may receive new attributes as new data becomes available, such 
as the one from the Beldam (the latest Belgian mobility survey conducted in 2010). Other 
models must also be easily added to the simulation, for instance for employment, health, 
etc. 
The harmonization of mobility survey as proposed by the SHANTI Cost Action would be 
an opportunity to build a synthetic population at European level, based on 
VirtualBelgium concepts, and to analyze, with a European mobility behaviours.  
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Abstract 
 

In the light of recent and on-going developments in information and communication 
technologies (ICT), there is an ever growing interest in the relationship between digital 
behaviour and physical mobility. However, data shortages together with privacy and ethical 
concerns can limit comprehensiveness of the empirical studies dealing with the issue. Data 
fusion (pooling), whereby different datasets are combined into a single synthetic source and 
dealt with appropriately to draw approximately valid inferences, offers a promising solution 
to this problem. In this paper, we present an implicit method of data pooling using the k-
Nearest Neighbour algorithm for combining information on individuals’ digital lifestyles and 
travel behaviour. We employ this method to datasets from 3 countries: the US, UK, and 
Norway, and using multiple imputations approach derive approximately valid inferences 
from the developed structural equation models (SEM). We also suggest potential 
improvements to the technique which remain the subject of our continuing research. 

 
Keywords: data pooling, k-NN algorithm, structural equation modelling 
 
 
1. Introduction 

 
Recent and on-going developments in technology and policy are increasingly disrupting 
traditional socio-economic boundaries and behaviours. For example, the growth of e-
commerce and m-commerce is radically changing the nature of retail activity, with 
consequential impacts on individual travel behaviour, retail logistics, work practices and the 
locational decisions of individuals and businesses. Similarly, climate change-related policies 
aimed at de-carbonising urban mobility (e.g., the promotion of electric mobility) are blurring 
the boundary between consumer behaviour in the transport and energy sectors. These 
developments give rise to many new challenges for researchers and policy makers, one of 
which is the need to understand behaviour more holistically, often cutting across the 
demarcations of traditional survey instruments. Although it is sometimes possible to create 
new survey instruments to address these specific new requirements, significant administrative 
and financial constraints are usually present limiting this approach in practice. Therefore, 
increased attention is being focused on novel methods of combining existing official 
statistical sources in ways that address these new challenges. 
 
In this paper we describe a method of combining common types of official data sources – 
travel diary and time use based mobility data and lifestyle (Internet use) data. The method 
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operates at the unit record level to produce a fused synthetic dataset, in which each record 
comprises information from each dataset. The paper presents the statistical methods involved 
and describes an application to the study which combines travel diary and Internet use data to 
study interactions between digital behaviour and physical mobility. As such, it is organised 
into a number of sections. Section 2 presents the motivation and context of the work. Section 
3 presents the proposed data fusion methodology and describes its practical implementation 
in the context combining mobility and lifestyle data, using datasets from the US, UK and 
Norway. Section 4 presents the application of the fused datasets to the analysis of the 
interaction of digital lifestyles and physical mobility using a structural equation modelling 
(SEM), discusses the usefulness of the method, as well as the associated challenges and 
possible improvements. The final section presents some overall conclusions from the work. 
 
 
2. Motivation and Context 

 
The motivation for the development of the method described in this paper is the growing 
need to better understand the relationship between digital behaviour and physical mobility. 
The need to understand, explain and model these relationships has been an important research 
topic in the domain of transport studies since at least 1980s (Salomon 1986; Mokhtarian 
1990).  However, in recent years the growth both in the range and penetration of ICT-based 
services and activities (e.g., e-leisure, e-entertainment, e-banking, e-education, e-government, 
e-healthcare, e-commerce etc.) has led to renewed interest (Golob and Regan 2001). Whilst 
some researchers have argued that the existence of increasing opportunities to undertake 
activities in a virtual mode will lead to a reduction in physical mobility, the empirical 
evidence suggests considerably greater complexity (Salomon 2000; Andreev et al. 2010).  
 
The impacts of ICT on travel behaviour are rarely confined to reduction in travel demand. On 
the contrary, they typically involve changes in the whole activity pattern, such as travel 
timing, frequency, destination, purpose, mode, sharing patterns, and also increase in travel 
demand (Senbil 2009; Singh et al. 2011). Indeed, even the assumption of clear-cut distinction 
between physical and virtual activities has started to become blurred, especially in the 
presence of simultaneous activities, e.g., working on laptop while travelling on a train (Lyons 
and Urry 2005; Pawlak et al. 2011). A number of researchers studied these complex 
relationships using a flexible and convenient SEM approach (Golob 2003; Choo and 
Mokhtarian 2007; Wang and Law 2007). However, untangling the effects of technological 
developments and changes in digital lifestyles on travel behaviour and providing credible 
explanations and predictions requires simultaneous unit level detailed information on digital 
activity and lifestyle, physical mobility and relevant background demographic factors.  
 
No single data source can provide all these data. On the one hand, conventional travel diary 
data of the type collected by many European countries records unit level physical mobility 
and certain demographics but contains no information on digital lifestyles (Stopher 1992, 
2000; Axhausen 1998, 2008). On the other hand, Internet use, lifestyle data or opinions 
surveys contain richer and richer information on digital activity and demographics but only 
the most rudimentary information, if at all, on mobility (Hamermesh et al. 2005; Noce and 
McKeown 2008). Additionally, more and more sophisticated methods of passive data 
collection, e.g., via GPS and GSM enabled devices, or specialised transaction monitoring 
software raise significant privacy and ethical concerns regarding the extent to which a single 
dataset can simultaneously include information on different aspects of an individual’s 
activity. However, increasingly the application to advanced models requires rich (multi-
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sectoral) micro data, hence clashing with such concerns. Given the circumstances, the 
pooling of data from separate survey to generate a complete, but synthetic dataset, would 
appear to be an attractive ways of addressing these challenges. The importance of data 
pooling along with a number of examples of its applicability is discussed in more detail in 
Sivakumar and Polak (2013). 
 
 
3. Data Fusion Methodology 

 
In this study we adopt an imputation approach in which the data fusion (pooling, or grafting 
as termed by Saporta 2002) problem is framed as a missing data problem (Aluja-Banet et al. 
2007). In particular, we treat the lifestyle (digital behaviour) data as having missing 
information on physical mobility. On the other hand, the second dataset (travel data), include 
detailed information on physical mobility which can be utilised to impute the missing 
variables in the former, digital behaviour dataset. Thus the lifestyle dataset is a target or 
recipient dataset while travel a donor or training dataset (D’Ambrosio et al. 2007). What is 
crucial, however, is that both datasets share a number of variables (shared, or common 
variables) which describe number, usually socio-demographic, features of the respondents, 
e.g. household car ownership. At this stage one faces the choice between parametric, explicit 
and implicit technique of imputation. The parametric and explicit methods develop, using 
shared and to-be-imputed variables, statistical models, e.g. linear regression, or estimates 
suitable parameters for the posterior Bayesian distribution of the missing information. The 
implicit technique is based on the idea of measuring similarity between each respondent in 
the target dataset and all respondents in the training dataset, with the most similar respondent 
in the training dataset donating the missing variables to the respondent in the target dataset 
(Saporta 2002; Aluja-Banet et al. 2007; Sivakumar and Polak 2013).  
 
The main advantage of the explicit approach is in its capability of measuring the robustness 
using various goodness-of-fit statistics, e.g. coefficient of determination. In following such an 
approach a priori assumptions must be made, be it regarding the type of the regression fit or a 
priori Bayesian distribution. However, certain assumptions, such as linear regression, can 
induce various undesirable statistical phenomena in subsequent analysis of the synthesised 
complete dataset. Moreover, an accurate imputation of a set of variables simultaneously, such 
as daily travel durations for different travel purposes, requires development of a model 
capable of capturing the underlying correlation structure (Saporta 2002). Otherwise, one risks 
between-variable inconsistency, e.g. daily travel durations summing up to 25 hours. In such a 
case, structural equation modelling appears tempting, but largely linear in nature (despite 
existent of more complex non-linear approaches) the approach coulde possibly introduce 
multicollinearity and compromise the subsequent analysis of the full, synthesised dataset.  
 
Consequently, in the context of our research we decided to follow an alternative, implicit 
path. In this case, the missing mobility information is still donated by the travel diary data, 
but the donation is based on matching similar records in the donor (travel) and recipient 
(lifestyle) datasets. The matching is performed using a k-Nearest Neighbour (k-NN) 
algorithm that operates on the basis of the shared (common) variables. Being non-parametric, 
the method relies to a lesser extent on making potentially erroneous or unverifiable 
distributional assumptions. Secondly, since the whole set of variables is transferred from the 
donor, the consistency between the imputed variables is ensured (Aluja-Banet et al. 2007). 
Thirdly, the method is flexible in terms both of its treatment of the data and the metrics of 
similarity that can be used. Finally, it naturally generates multiple candidate donor records, 
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thereby enabling the application of a multiple imputations framework (Rubin 1987) reducing 
the biases potentially affecting subsequent inferences (as discussed in the next paragraph). 
However, the non-parametric nature of the method makes quantification of its robustness 
challenging, and largely subject of the on-going research, including ours (see section 4 for 
more details). Moreover, it does not deal with the problem of the missing data present in the 
training data set due to the actual non-response. While respondents with the missing values 
can be excluded from the procedure, this could significantly reduce the training set, and thus 
conventional methods of non-response treatment are usually applied. Still, according to 
Saporta (2002, p. 471), implicit fusion is “efficient in keeping covariance structure and 
avoiding incoherencies” which is highly desirable for a subsequent estimation SEM which 
relies on maximising the fit between observed and modelled covariance matrices.  
 
Regardless of the approach, imputing only a single value, i.e. creating only one fused dataset, 
carries a number of significant risks (Rubin 1987). First of all, it assumes that the imputation 
framework can perfectly predict the desired value, thus neglecting any stochastic variation in 
the imputed variables. Secondly, such a naïve approach underestimates the variability in the 
data, leading to underestimation of the standard errors in any subsequent derived parameter 
estimates. This effectively increases risk of type 1 error (incorrect rejection of a true null 
hypothesis, i.e. not rejecting lack of association between digital lifestyle and travel 
behaviour). In order to mitigate such problems, one introduces a degree of randomness in 
imputation. In the explicit case, this is achieved by adding a randomly distributed error to the 
inputed data, while in for the implicit approach, a set of k most similar respondents (nearest 
neighbours) are identified. A Monte Carlo draw from this set provides values for the target 
dataset with the probability of selection dependent on the similarity to the target respondent. 
Having in such a manner obtained m complete datasets, one can under certain conditions 
(described in detail by Rubin 1987) draw valid inferences about the estimates in the final 
analysis. This is done by using estimates of the desired parameters µn obtained in each 
imputation to obtain between-imputation-variance σ

2 (1) and combine it with the mean 
variance of the estimates s2 (2): 
 

     (1) 

 
    (2) 

 
Thus (2) is an expression for the final variance of the estimate, and takes into account the 
stability of the final estimates of the parameters by including the between-imputations 
variability, and is also dependent on the number of imputations m. In doing so, the method 
accounts for the reduced information content due to the data missingness. A caveat should be 
made here, that (2) has been proven by Rubin to be appropriate in the context of proper 
Bayesian models while it may underestimate the variability of the data for implicit, metric-
matching imputations. However, his interpretation was in the context of survey non-response 
where the values are drawn from and imputed to the same dataset. However, the concern is 
less where the values are drawn from a complete sample with an unaffected, although 
unknown, distribution of the to-be imputed values. 
 
An important aspect of the k-NN matching procedure is the choice of the distance metric, or 
(dis)similarity measure between the respondents. We have chosen to most widely applied 
measure, i.e. the Mahalanobis distance: 
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   (3) 

 
where x is a vector of n comparable metrics characterising respondents i and j, and Σ is a 
covariance matrix. Clearly, if Σ is an identity matrix, Mahalanobis distance is equivalent to 
Euclidian distance in n dimensions. The inclusion of covariance matrix makes the final 
measure independent of the units of comparable metrics (shared variables). Additionally, the 
possible correlation between these variables is taken into account and discounted so that 
variables representing correlated features of an individual, e.g. income and expenditure, 
would be weighed down appropriately ensuring more effective comparison. Calculation of 
the Mahalanobis distance is pretty straightforward in case of continuous variables. However, 
it becomes more challenging in the presence of discrete ordinal and nominal, variables. In 
such a case, not only the question is of how to represent numerically the difference between 
categories, e.g. genders, but also how to appropriately capture the underlying correlation 
structure. In fact, fairly complex modifications of Mahalanobis distance have been devised to 
enable inclusion of mixed data (see, for instance, Leon and Carrière 2005).  
 
We propose a simpler, alternative solution to inclusion of ordinal and nominal variables in 
Mahalanobis distance based on the idea of symbolic covariance (McCane and Albert 2008). 
The core concept, in this case, is a function δ(xi, xj) attaching numerical values to differences 
in discrete categories of the variable x characterising respondents i and j respectively. Since 
the nominal variables do not usually carry any inherent quantity, we suggest the following:  
 

    (4) 

 
In other words, for the same nominal categories (e.g. two male respondents), the function 
evaluates to 0, and to 1 otherwise (male and female respondent). On the other hand, discrete 
ordinal variables, in their ordering capabilities, carry additional information that should be 
reflected in the distance metric, e.g. people of medium and high income are more similar than 
low and high income. In such a case, for p categories the variable is coded into, we define the 
following Toeplitz matrix (5), elements of which provide values for δ for each combination 
of gth and hth ordinal categories, where g and h are row and column numbers respectively: 
 

    (5) 

 
Note that r and c are generic indices of row and column number respectively. The intuition 
behind (5) is that the difference between the most distant categories is valued the same as 
difference between any nominal variables while the intermediate values are proportional to 
their location relative to the extreme categories. Regardless of whether data is nominal or 
ordinal, if the compared value of a metric is a missing value, δ function evaluates to 1 which 
is a conservative approach hedging against imputing missing values. 
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Using (4) and (5), along with marginal and joint probabilities of occurrence of particular 
categories, one can calculate the symbolic covariance ΣSymb (McCane and Albert 2008). This, 
together with (3) can be used to obtain the symbolic covariance Mahalanobis distance D:  
 

     (6) 

 
Using (6) one can obtain distances between respondent i in the target dataset to each 
respondent j in the training dataset which determines i’s set of k nearest neighbours. Various 
heuristics exist regarding the choice of k (see Robinson and Polak 2005; Hall et al. 2005) 
including adapting the value locally (Wang et al. 2005), yet arbitrary choice of a reasonable 
value of k is not uncommon, e.g. in traffic characterisation. In the context of this research, we 
have fixed the value of k to 15, yet the sensitivity of our final results to the choice of k 
remains subject of further research. Once the set of nearest neighbours is determined for the 
i th respondent, a Monte Carlo draw is made to obtain missing variables with the probability of 
choosing a particular donor inversely proportional to its D (more similar respondents are also 
more likely to be donors). The number of draws is equal to the number of desired 
imputations, i.e. fused datasets. Clearly, generation of subsequent, fused datasets is a Markov 
process which simplifies the sensitivity analysis of the final results to the number of 
imputations. This is done in next section, and up to 5 imputations, which in the context of 
survey non-response would provide almost 95% efficiency (Rubin 1987). Once the datasets 
are obtained, the conventional analysis is performed and inferences drawn using (2). We 
present application of this fusion methodology to analysis of the interaction of ICT and 
physical mobility using structural equation modelling approach in the next section.  
 
 
4. Application to Analysis of the Interaction of ICT and Physical Mobility  

 
The data1 used in the study comes from the US, UK and Norway and have been summarised 
in Table 1. The initial analysis, available in Pawlak et al. (2012), included a single dataset 
from Canada, but this part has been dropped as it did not deal with the issue of data fusion.  

                                                           
1
 Some of the data applied in this publication are based on “National Travel Survey 2005, person file”. The 

survey was financed by the Institute of Transport Economics. The data are provided by MMI Univero and 
prepared and made available by the Norwegian Social Science Data Services (NSD). Neither the Institute of 
Transport Economics, MMI Univero, nor NSD are responsible for the analysis/interpretation of the data 
presented here. Some of the data applied in this publication are based on “Travel and Holiday Survey, April 
2005”. The data are provided by Statistics Norway and prepared and made available by the Norwegian Social 
Science Data Services (NSD). Neither Statistics Norway, nor NSD are responsible for the analysis/interpretation 
of the data presented here. Analysis and interpretation of the other datasets are also entirely that of the authors. 
 

Table 1. Summary of the datasets used in the study 
Country  Digital Behaviour (Year; Size)  Travel Behaviour (Year; Size) 
US  PEW Internet Survey a   

(2007; 2 200) 
American Time Use Survey b   
(2007; 12 248)  

UK  ONS General Lifestyle Survey c   
(2010; 1 003)  

National Travel Survey d   
(2010; 18 356)  

Norway  ICT and Holiday Survey e   
(2005; 1 235)  

Norwegian Travel Survey f   
(2005; 17 514)  

aPEW 2007; bBLS 2007; cONS 2010; dDfT 2010; eStatistics Norway 2005;  
fMMI Univero 2005. 
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The digital behaviour surveys are fairly diversified in terms of their character and content and 
usually smaller in scope to travel behaviour data, either time use or travel surveys. In the case 
of each country, there are a number of variables, mostly socio-demographic, which are shared 
by both digital and travel datasets (16 for the US, 17 for the UK, and 10 for Norway) and 
which have been shown in Table 2. A purpose-specific script for the fusion has been written 
in Ox (Doornik 2011), while the subsequent estimation of SEM has been done using LISREL 
(SSI 2012). The SEM approach has been chosen on the grounds of its flexibility in terms of 
handling numerous interrelated variables (Golob 2003), and its proven applicability in similar 
contexts as discussed in section 2.  

 
The models were evaluated using various fit indices, i.e. Chi-square, root mean square error 
of approximation (RMSEA) and its associated confidence interval. The results of our 
SEM estimation (cross-tabulated by country, relationship and number of imputations) are 
presented in Table 3. Given different levels of measurement and discrete coding of the 
variables, we opted for reporting the values as polychoric correlation coefficients (Jöreskog 
1994, 2002) between various tele-activities (‘T’activity’) and frequency of travel for specific 
purposes (‘Trav’purpose’). As the purpose of this paper is a methodological discussion, 
behavioural discussions is omitted, but see Pawlak et al. (2012) for a behavioural analysis in 
the context of Canadian data. 
 
Clearly, the US results for single imputation suggest the existence of a number of significant 
relationships between digital lifestyle and travel behaviour such as complementarity effects 
between tele-working and work-related travel, tele-leisure and leisure related travel, 
substitution effects between tele-shopping and travel for shopping, or a negative correlation 
between tele-leisure and work-related travel (Table 3). However, as soon as the results are 
based on multiple datasets, half of the relationships become insignificant indicating the 
usefulness of the method in guarding against type 1 error. A peculiar case of the relationship 
between tele-working and leisure-related travel: the initially significant result becomes 
insignificant in case of using 2 and 3 datasets, but becomes significant again when 4 and 5 
datasets are used. The reason for that might be two-fold: firstly the value of the correlation 
coefficient itself is quite small, and secondly its standard error is quite high. As a result, the 
results appear to oscillate around the significance cut-point. Assuming conservative approach, 

Table 2. Shared variables used to calculate similarity measure 

Country 
(No. of 
variables)  

Nominal  Ordinal  

US  
(16)  

gender, marital status, state, urban area, race, Hispanic 
background, employment, student status, use of 
computer/Internet, use of e-mail, use of e-mail from 
home  

age, education, 
presence/no. of children in 
household, household 
income,  

UK 
(17)  

gender, household type, type of tenure, employment 
status, region, self-employment status, supervisory role 
at work, ethnicity, use of bicycle/taxi/train/air travel, 
most frequent journey purpose   

age, number of cars in the 
household, household 
income, frequency of bus 
use,  

Norway 
(10)  

gender, employment status, marital status, region  age, household size, work 
hours, household income, 
respondent income, 
education level 
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such an estimate should not be considered robust. In the case of the UK, only two 
relationships and only for a single imputation appear significant. However, it remains 
challenging to determine the source of insignificance, i.e. does it result from imperfections in 
the data fusion method, or simply from non-existence of the relationships? In fact, while 
guarding against type 1 error, the method might be prone to higher risk of type 2 errors. In the 
case of Norway, one can identify a number of significant relationships for a single 

Table 3. SEM estimation results and their sensitivity to number of imputations used m 
 US UK Norway 
m 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 
T’wrka/ 
Trav’wrk 

0.10 0.12 0.10 0.10 0.10 0.01 0.03 0.02 0.02 0.03 0.19 0.21 0.22 0.21 0.21 

T’shopb/ 
Trav’shop 

-0.16 -0.12 -0.07 -0.07 -0.07 0.08 0.09 0.09 0.08 0.04 . . . . . 

T’leisc/ 
Trav’leis 0.25 0.25 0.26 0.28 0.29 0.05 0.02 0.01 -0.01 -0.03 0.03 0.03 0.03 0.03 0.03 

T’leis/ 
Trav’escrtd . . . . . . . . . . 0.14 0.14 0.11 0.11 0.11 

T’confe/ 
Trav’conf 

-0.11 -0.06 -0.10 -0.10 -0.11 . . . . . . . . . . 

T’socf/ 
Trav’soc 

. . . . . -0.02 -0.09 -0.07 -0.07 -0.08 0.16 0.07 0.08 0.05 0.04 

T’servg/ 
Trav’serv 

. . . . . . . . . . -0.02 -0.05 -0.07 -0.05 -0.04 

Blog crth/ 
Trav’soc 

-0.12 -0.04 -0.04 0.00 0.03 . . . . . . . . . . 

Blog rd.i/ 
Trav’soc 

0.09 0.05 0.03 0.00 -0.02 . . . . . . . . . . 

T’wrk/ 
Trav’shop 

0.12 0.10 0.06 0.07 0.07 . . . . . 0.15 0.11 0.09 0.08 0.07 

T’wrk/ 
Trav’leis 

0.07 0.07 0.09 0.10 0.11 . . . . . . . . . . 

T’leis/ 
Trav’wrk 

-0.37 -0.37 -0.39 -0.37 -0.37 . . . . . . . . . . 

T’leis/ 
Trav’shop 

-0.20 -0.21 -0.19 -0.19 -0.20 . . . . . . . . . . 

T’leis/ 
Trav’conf 

-0.21 -0.20 -0.19 -0.19 -0.20 . . . . . . . . . . 

T’leis/ 
Trav’soc 

-0.16 -0.12 -0.13 -0.15 -0.16 . . . . . . . . . . 

T’conf/ 
Trav’leis 

. . . . . -0.17 -0.07 -0.05 -0.03 -0.02 . . . . . 

T’shop/ 
Trav’othj 

. . . . . -0.23 -0.16 -0.13 -0.11 -0.10 . . . . . 

T’conf/ 
Trav’shop 

. . . . . . . . . . -0.17 0.01 -0.11 -0.10 -0.09 

T’soc./ 
Trav’serv 

. . . . . . . . . . -0.21 -0.14 -0.14 -0.14 -0.14 

SatNavk/ 
Trav’serv 

. . . . . . . . . . 0.20 0.09 0.06 0.03 0.01 

Notes: Values shaded and in italics are significant at 95% level. The empty cells indicate that either the 
relationship could not be investigated due to lack of suitable variables, or the estimated correlation was 
insignificant and close to zero. Key: awork; bshopping; cleisure; descorting; econferencing; fsocialising; gservices; 
hcreation; ireading; jother; kposession of a satellite navigation set. 
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imputation, but only the strong and stable complementarity effect between tele-working and 
travel for work purpose remain significant if multiple imputations framework is applied. 
 
There are, however, limitations of the approach, and these are clearly demonstrated in Figure 
1 which relates the percentage increase in the width of confidence intervals to the percentage 
of missing information, i.e. ratio between between-imputation variance (4) to the total 
variance (5). Strikingly, the results for all the countries analysed follow a similar, logarithmic 
path. One can see that until the percentage of missing information is somewhat below 50%, 

the expected increase in confidence intervals remains approximately below 60%. Above that 
threshold, the widths of the intervals soar and, unless the analysed relationship is really strong 
and the shared variables accurately propagate it between the datasets, it is unlikely to be 
captured in the fused datasets. A possible solution would be to include more shared variables 
and investigate their explanatory power in the imputed variables to determine a priori to what 
extent this fusion technique is applicable. The former in itself does not guarantee better 
results (note that the UK has more shared variables than the US, yet no significant estimate in 
the final analysis) due to the possibility of the curse of dimensionality. This fairly common 
issue in the k-NN approach results from the reduction in the density of the feature space as 
number of dimensions rises for a fixed number of observations (Aluja-Banet et al. 2007). The 
effect can be further enhanced when the shared variables are not weighted appropriately to 
reflect their relevance. Noting this vulnerability of the k-NN approach, Aluja-Banet et al. 
(2007) suggest reduction of the dimensionality of the vector of common variables using, e.g. 
factorial analysis which also decreases the cost of the implementation. On the other hand, we 
suggest a method, still being developed and tested, based on the extreme value theory (EVT), 
which could not only provide the necessary weights for the variables (arguably guarding 
against the aforementioned difficulty), but also be a convenient way of testing to what extent 
fusion of particular datasets is feasible.  
 
Let us consider the donor dataset only. We suggest that the usefulness of the method can be 
deduced by considering the probability of accurate identification of an individual f within the 
training dataset, knowing only his or her values of the shared variables XSHA. If this 

Figure 1. Relationship between the size of confidence intervals and missing information 
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probability is high, it means that the shared variables can identify the person accurately and 
the method described above can credibly impute the variables from the training dataset. Let 
us further assume that in order to be accurately identified, the value of the distance metric D 
based on XSHA needs to be smaller than for any other individual j in the training dataset: 
 

    (7) 

 
The error term ε reflects the fact that XSHA might not capture all the relevant features 
necessary to identify an individual. In fact, (7) is an expression linking the problem to the 
extreme value theory. Given appropriate distributional assumptions, it can be used to 
formulate a model, similar to the well-established discrete choice models (Ben-Akiva and 
Lerman 1985), and estimates the relative relevance (weights) of the shared variables in 
identifying an individual in the whole training dataset, in a similar manner to the validation 
performed by Saporta (2002). However, by introducing additional parameter θ in (7):  
 

    (8) 

 
where the θ is an assumed distance defining the neighbourhood (locality) of the individual f. 
As such, (8) would provide the way of calculating the probability that a particular neighbour j 
lies within the locality of j. Since the k-NN approach relies on the assumption that the values 
are drawn locally (Aluja-Banet 2007), (8) provides additional way of investigating the 
robustness of the fusion method suggested above using well-established EVT-based tools. 
 
In fact, the problem is similar in nature to estimating parameters describing relative 
importance of attributes of discrete alternatives, such as transport modes. Clearly, the sheer 
size of the training (choice) set would require reduction (pruning) methods which could also 
provide guidance in determining the optimal number of k nearest neighbours. However, fit-
indices, e.g. rho-squared, could guide optimal combination and relative weighting of the 
variables in the distance metric on one hand and indicate their explanatory power, thus 
allowing the researcher to evaluate the usefulness of the implicit fusion. While the method is 
still developed and tested, we perceive it as a promising direction, offering chance to re-use 
the existing datasets in novel ways. 
 
 
5. Conclusions 

 
Our analysis above indicates that a k-NN based multiple imputations approach to the implicit 
fusion of data might offer a promising way of re-using the existing data by combining 
datasets whose collection in a single survey might either be costly, impossible due to the 
historical nature of the data, or other constraints. Using datasets from 3 countries, the US, 
UK, and Norway in the context of investigating the relationships between digital and travel 
behaviour, we demonstrate that the method is capable of capturing some apparently existing 
relationships while fairly robustly guarding against type 1 error as compared to analysing a 
single fused dataset. In doing so, however, the method appears more prone to type 2 errors. 
As a final contribution, we present possible improvements to the technique based on the 
extreme value theory which, although still developed and tested, can possibly open even 
more possibilities to efficiently re-use existing data sources in new, innovative ways.  
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Abstract  
    

National Accounts describe the economic behaviour of a representative household 
without any further insight into the heterogeneity of the sector. This is a strong limit in 
that average values may conceal deeply different living standards. In this paper we 
present a preliminary attempt to estimate some income and consumption items by 
households groups in the Italian National Accounts. The aim is to point out disparities in 
the distribution of income and consumption among groups. The first application shows 
the breakdown of households’ disposable income (and sub-components) according to the 
households’ income quintile. In the second application households groups are defined 
according to composition of the household (single, adults with or without children etc.) 
and the age of the members.   
 
 
Keywords: Disparities in National Accounts, Micro-macro reconciliation, Households 
sub-sectors.  

 
 
1. Introduction  
     
As it is well known, National Accounts (NAs henceforth) describe the economic 
behaviour of a representative household without any further insight into the heterogeneity 
of the sector. This is a strong limit in that average values may conceal deeply different 
living standards: a rise in income can be differently shared among people and 
households; average consumption per capita can remain unchanged while the distribution 
of consumption becomes more unequal. To overcome the problem, economists use to 
accompany NAs measures with indicators that reflect their distribution and which are 
calculated on the basis of administrative archives and surveys. Micro data sources 
however do not provide a comprehensive definition of the households’ economic 
resources. For example they are not able to capture income generated by non-observed 
economy, imputed rents or government services provided in kind. On the contrary NAs 
measures are exhaustive. Moreover NAs are based on well-established and shared 
methodologies and concepts, so data are easily comparable over time and space.   
Ideally, NAs measures should incorporate distribution information. In order to pursue this 
aim, as early as the 1990s the European System of Accounts (ESA) directives have 
suggested to partition the household sector into sub-sectors according to the family’s 
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largest income category (ESA 95 §2.79, p. 29). Furthermore it has been encouraged the 
development of Social Accounting Matrices (ESA95, § 8.133-8.155) in order to focus on 
the role of people in the economy [“SAMs typically focus on the role of people in the 
economy which may be reflected by, among other things, extra breakdowns of the 
household sectors and a disaggregated representation of labour markets”, ESA95, § 
8.134, p. 199]. The Leadership Group (LEG) on Social Accounting Matrices and Labour 
Accounts gave the most significant contribute for the EU area. The main outcome was an 
Handbook (Eurostat 2003) containing the guidelines for the building of  social accounting 
matrices and  the estimate of pilot SAMs for nine European countries. 
In 2009, the Stiglitz-Sen-Fitoussi Commission on the measurement of economic 
performance and social progress (Stiglitz Commission, 2009) renewed attention on the 
topic, recommendation 4 explicitly asking for a more prominence of the distribution of 
income, consumption and wealth within the NAs framework (Stiglitz Commission, 2009, 
p. 13).  
Eurostat, OECD and other bodies have taken significant steps in order to address the 
Stiglitz Commission recommendations. Among these, the OECD-Eurostat Expert Group 
on “Disparities in a National Accounts framework” (EG DNA henceforth) was devoted to 
deepen research on the  reconciliation of macro (national accounts) and micro (household 
surveys) estimates with the ultimate purpose of estimating some significant NAs items by 
households sub-sectors (Fesseau et al.,2012).  In this paper we present the preliminary 
results for Italy. The first application shows the breakdown of households’ disposable 
income (and sub-components) according to the households’ income quintile. This 
classification allows to evidence how the different income components partition between 
the poorest and richest groups. The second application shows the income and 
consumption distribution by socio-demographic households groups. In this case groups 
are defined taking into account the composition of the household (single, adults with or 
without children etc.) and the age of the members. This classification is mainly useful to 
point out disparities among households belonging to different “life cycle” moments.  
Data have been obtained integrating micro and macro sources. This allows to benefit at 
the same time of the advantage of micro sources (disposing of disparity indicators) and 
macro data (exhaustiveness and full coherence with the National Accounts measures). 
The paper is organized as follows. Section  2 describes the methodology used to estimate 
the NAs variables by households groups. Section 3 presents some analysis for validating 
the estimates but also for showing the kind of new knowledge provided by the estimates. 
Section 4 provides some final considerations on results and some proposals for future 
research.       

 
 
2. Methodology 

 
The ultimate objective of our research is to allocate income and consumption 
expenditures among different groups of households within the NAs framework. As a 
matter of fact, this implies using information both from NAs and from individual-based 
data whether they be surveys or administrative registers. A first crucial question is the 
following: are the macro-micro data sources given the same relevance in the estimation 
process? The answer is no. Following the EG DNA approach we actually consider NAs 
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values as the standard. As a consequence, we apply a top-down approach to obtain our 
estimates, i.e, we break down NAs values (top) using information from individual-based 
data. It is worth stressing that we do not limit to break down households’ disposable 
income and consumption expenditure. Actually we partition each NAs item involved in 
the estimate of income and consumption. With respect to income, this means for example 
breaking down compensation of employees, mixed income, property incomes, income 
taxes, social benefits and contributions and all the other NAs items concerned in the 
computation of the Adjusted disposable income (ESA 95, § 8.35, p. 159). The idea is that 
of building a complete set of distribution accounts for each Household sub-sector. On the 
consumption side, the break-down by households groups has been carried out for each 
consumption category (COICOP classification, United Nations Statistics Division, 2013). 
We resorted to sample surveys data in order to estimate distribution indicators. The Istat’s 
survey on Households Budgets (Hbs) provided information for estimating consumption 
indicators whereas the  Istat’s Italian Statistics on Income and Living Conditions (ItSilc) 
provided data for computing income-related indicators.  
The simultaneous use of NAs and individual sample survey data forced us to find a way 
for reconciling (national accounts) and micro (household surveys) estimates. Micro and 
macro estimates may differ for a number of reasons, among which we remind the 
following: 
- NAs and sample surveys refer to different populations; 
- NAs and sample surveys refer to different time periods; 
- the NAs item does not find a suitable counterpart in the survey; this happens when 
differences in definitions  cannot be solved  through recoding; 
- households surveys totals are too low because of under-reporting due to non responses 
or under-stating, whereas NAs are supposed to be exhaustive including also the estimate 
of non-observed economy; 
- it is unlikely that small population is surveyed. This may impact on income (and 
especially wealth) totals. For example very wealthy people, at the top of income 
distribution is unlikely to be included in the sample. This obviously results in a lower 
total of income (and wealth) especially if the distribution is very skewed.  
In Italy, micro and macro differences are only marginally due to differences in the 
definition of compared populations (e.g. Brandolini,1999). Discrepancies depend mainly 
on under-reporting and selection bias (Coli, Tartamella 2008). In Italy the underground 
economy accounts for a relevant percentage of GDP (16.3%-17.5% in 2008, according to 
Istat, 2010), which can explain the underreporting or non reporting of some income 
components. It appears that people tends to be more sincere when answering to income 
survey than to tax statement, but still, a consistent part of income deriving from non-
observed economy slips from statistical direct observation on households. Moreover 
illegal immigrants, whose contribution into GDP formation is taken into account, are not 
part of legal population, so they cannot be surveyed (and sample weights do not expand 
to them). 
Once harmonized surveys and NAs data with respect to population and time period we 
have identified the surveys’ variables best representing the NAs items to be broken down. 
The distribution of such variables by households groups provides the structure for 
breaking down the NAs items. For example compensation of employees and its sub-
components (wages and salaries, actual and imputed social contribution) find an almost 
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matching counterpart in the survey. On the contrary surveys do not provide detailed 
enough information to split all the NAs property income components. For this reason we 
have resorted to the survey’s variable ”Interests, dividends, profit from capital investment 
in unincorporated business” to break down the NAs different components, i.e. Interests, 
Dividends and Property income received attributed to insurance policy holders.  
Note that the reconciliation process does not merely consist in finding the best indicator 
to decompose NA items (also unpublished detailed information have been used, both 
from the micro and the macro side), but, when possible, it consisted in re-computing 
micro values according to NA methodologies. For example we estimate individual 
imputed rents combining data from surveys (actual rents) and  information on the 
dwellings characteristics drawn from census (Coli, Tartamella 2010). Also the adjustment 
of self-employment income for underground production follows the procedure 
experienced in NA for the revaluation of value added (Coli, Tartamella 2012).  
Households are grouped according to the household equivalent income quintile (first 
criterion) or according to a socio-demographic classification which combines the family 
composition with the age of its members (second criterion). Note that income quintiles 
were calculated considering NAs disposable income net of imputed items like imputed 
rents. This income definition reflects the one recommended in the Canberra group Final 
report and Recommendations  (Canberra group, 2001). The second criterion identifies the 
following household typologies:  Single less 65, Single  65 and older, Single with 
children living at home, Two adults less 65 no child living at home, Two adults at least 
one 65 and older no child living at home, Two adults with less than 3 children living at 
home, Two adults with at least 3 children living at home, Others1. 
 
 
3. Analysis of results  
 
3.1 Assessing the effects of micro-macro reconciliation  
 
The micro-macro reconciliation has a heavy impact on income distribution. We limit here 
to point out some impacts on the distribution of income by quintile. Table 1 shows the 
share of each kind of income attributed to the first and the fifth quintiles, i.e. the top and 
the bottom of the distribution before and after the micro-macro reconciliation process. In 
the first case (columns 1-2) shares are computed only on the basis of the survey’s 
distributions. In the second case (column 4-5) shares result from the full reconciliation 
process.  
While, according to the income survey, the households at the bottom of the distribution 
account for 11% of total income, once the reconciliation has been performed the bottom 
20% of households account for 9% of total income. At the opposite, the richest quintile 
moves  from 35% to 39% of earned income. The reconciliation process may change the 
household’s quintile: the households classified in the first quintile according to survey 

                                                 
1 All children aged 17 or less are considered as children living at home. Offspring at the age of 18-24 are 
considered as children living at home if they live in the household with the parents. Persons at the age of 
18-24 and not offspring are considered as adults. The typology “other” is mainly composed by households 
with more than two adults, given this definition of children and adults. 
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values are quite likely not to be the same households classified in the first quintile after 
the reconciliation process. 
The result of the reconciliation is that the Q5/Q1 value moves from 3,3 to 4,2 of total 
income, showing that the distribution of income is even more concentrated than signaled 
by the survey. 
 
Table 1: First and fifth quintile shares of income before and after reconciliation – 
percentage values 

 
Before reconciliation 

After micro-macro 
reconciliation 

 Q1 Q5 Q5/Q1 Q1 Q5 Q5/Q1 

Wages and salaries 4 43 10 6 37 6 
Self employment income  6 55 9 2 66 27 
operating surplus from own account 
production 16 28 2 15 30 2 
Property income (received less paid) 2 57 23 - 5 77 -17 
Actual social contributions paid by 
households  5 47 11 6 43 7 
Current taxes on income and wealth 2 55 29 2 53 21 
Social benefits including social transfers in 
kind (received less paid)  + other current 
transfers 15 23 1 14 25 2 
Total 11 35 3,3 9 39 4,2 
 
 
3.2 Some analysis on estimated data  
 
The reconciliation of NAs and surveys data provides new and useful knowledge. For 
example it is possible to point how the households groups differently determine their 
income. With respect to households classified according to the income quintile, table 2 
shows the structure of disposable income by income component whereas table 3 
compares the amount of  each income component per consumption unit2. The column 
“Total covered” shows the structure of the aggregated income when population have been 
harmonized, i.e. total NAs values have been netted from amounts referred to population 
not covered by the micro sources: institutionalized persons and illegal immigrants (not 
included in legal population). 
 

                                                 
2 To compare the standard of living of households, consumption per person is not satisfactory, as the needs 
of the household do not increase proportionally to its size. The number of household’s members is thus 
converted into consumption units using a weighting system which assigns a proper coefficient to each 
household member. In this work we use the OECD scale which is the mostly used scale at present. 
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Table 2 Structure of disposable income by income component – households grouped by 
income quintile.   
 

 Q1 Q2 Q3 Q4 Q5 Total 
covered  

Wages and salaries  27   31   43   49   38   39  
Self employment income   6   9   12   20   40   23  
Operating surplus from own account 
production 

 17   13   12   10   9   11  

Property income (received less paid) -4   2   4   6   15   8  
Actual social contributions paid by 
households  

 4   4   6   7   6   6  

Current taxes on income and wealth  4   9   13   16   21   15  
Social benefits including social 
transfers in kind (received less paid)  + 
other current transfers 

 61   58   49   38   26   40  

Total 100 100 100 100 100 100 
 
It is clear that what characterizes high income households is the high share of labour 
income, wages and salaries and especially self-employment income (three times with 
respect to the average per consumption unit). At the opposite, social benefits (cash and in 
kind) represent the most relevant income source for the first quintile. Operating surplus, 
mainly composed by imputed rents, grows by quintile, but in a less accentuated way so 
that its weight on disposable income is decreasing. Also the distribution of property 
incomes varies considerably by quintile, from negative in the first quintile, to a share 
above 15% in the last one, displaying a value almost four time than the average one in 
terms of value per consumption unit. Households in the highest quintile also pay the 
higher share of social contribution and current taxes, but their redistributive impact is 
limited by the relevant disparity between low and high incomes. 
 
Table 3: Structure of disposable income per consumption unit – euros, year 2008, – 
households grouped by income quintile 

 Q1 Q2 Q3 Q4 Q5 
Total 

covered  
Wages and salaries  3.866   6.417   10.583   15.224   21.350   11.614  
Self employment income   870   1.907   2.917   6.089   22.247   6.911  
Operating surplus from own account 
production 

 2.513   2.738   2.941   3.240   4.806   3.260  

Property income (received less paid)  -522  340   868   1.802   8.392   2.221  
Actual social contributions paid by 
households  

 519   901   1.378   2.153   3.631   1.737  

Current taxes on income and wealth  598   1.844   3.199   5.104   11.850   4.584  
Social benefits including social 
transfers in kind (received less paid)  + 
other current transfers 

 8.770   11.742   12.033   11.875   14.884   11.898  

Total  14.380   20.398   24.765   30.971   56.196   29.583  
 
Table 4 shows the structure of disposable income for socio-demographic group of 
households. Table 5 analysis instead household consumption by COICOP categories and 
households groups.  It is possible to compare the income and consumption values per 
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household group and calculate consumption propensities per consumption unit. However 
it is worth noting that two different surveys have been used to decompose income and 
consumption. This may have caused strange results due to the fact that It-Silc and Hbs do 
not overlap perfectly. 
 
Table 4 shows that the household types displaying the higher incomes per consumption 
unit are: i) families with no children living at home (Two adults less than 65 with no 
child, Two adults at least one 65 and older no child living at home); ii) the typology 
“Other” which is mainly composed by families with children aged more than 24 living at 
home or, more generally, with more than two adults. The Other typology and especially 
younger households (Two adults less than 65) and benefit of labour income (both from 
employment and self-employment) higher than the average. Older households (Two 
adults at least one 65), instead, derive their wealth from social benefits and property 
incomes above the average (total covered).  
If we look at households with children, households with less than three children have 
higher labour income, but quite low social benefits, families with three children or more 
record level of property income and operating surplus significantly lower than the 
average.  
Table 2 shows that among the households with the higher incomes, only younger 
households with no children use this income mostly for consumption, showing 
consumption propensities above the average, while the other two high income household 
type show per consumption unit actual consumption lower than the average and therefore 
lower consumption propensities. Single with children living at home and Single less than 
65, instead, spend more than they earn. 
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Table 4 Allocation of NAs income items among the households groups, Italy, year 2008, euros per consumption units  

 

Single 
less 65 

Single  
65 and 
older 

Single 
with 
children 
living at 
home 

Two adults 
less 65 no 
child living 
at home 

Two adults at 
least one 65 
and older no 
child living at 
home 

Two adults 
with less than 
3 children 
living at 
home 

Two adults 
with at least 3 
children living 
at home 

Others Total 
covered  

Wages and salaries 15.917  318  10.123  17.597  2.385  15.878  11.377  12.238  11.614  

Self employment income   8.912   795    5.487    9.105    3.090  8.196    6.687    8.342  6.911  

Operating surplus from own account production  4.418    4.827    2.991    3.546  4.179  2.566    2.098    2.587   3.260  
Property income (received less paid)   1.898    2.590    557    2.289   4.393   1.447    468   2.309    2.221  
Actual social contributions paid by households    2.420   42    1.531    2.580   354   2.303    1.817   1.897    1.737  
Current taxes on income and wealth   5.482    3.091    2.776    6.269   4.481   4.540    3.010   4.650    4.584  
Social benefits including social transfers in kind 
and other current transfers (received less paid)   

  5.699  19.691    9.014    8.735    21.481   8.458   10.259    11.866   11.898  

Total  28.942  25.087   23.864    32.424    30.691    29.700   26.062    30.795   29.583  

Table 5 Consumption expenditure by households groups and consumption category Italy, year 2008, euros per consumption units 

 

Single 
less 65 

Single  
65 and 
older 

Single with 
children 
living at 
home 

Two adults 
less 65 no 
child living at 
home 

Two adults at 
least one 65 and 
older no child 
living at home 

Two adults 
with less than 3 
children living 
at home 

Two adults 
with at least 3 
children living 
at home 

Others Total 
covered  

Food, beverages and tobacco  4.573    3.845   4.070  4.240  3.939   3.777    3.386   3.723   3.906  
Clothing and footwear  2.086  838   1.835  2.056  1.122   1.930    1.533   1.430   1.615  
Housing(including imputed rents), 
furnishings, household equipment  

 9.289    7.960   6.797  8.357  6.934   5.838    4.494   5.164   6.606  

Health   498  776   554   830  886  581  716   555   668  
Transports   3.771    1.081   3.152  4.068  2.140   3.438    2.451   3.048   2.976  
Communications, ricreation and culture   3.008    1.635   2.515  2.712  1.800   2.257    1.935   1.883   2.164  
Education  158  5   360   100  37  331  422   300   215  
Restaurants and hotels  3.318  888   2.062  2.487  1.016   2.021    1.299   1.460   1.781  
Miscellaneous goods and services   3.430    1.701   2.310  3.324  1.983   2.507    1.837   1.995   2.381  
Social transfers in kind  2.476    5.097   5.762  2.743  5.103   5.240    7.108   4.077   4.633  
Actual final consumption  32.605  23.826    29.416   30.917    24.959    27.919  25.180  23.635  26.945  
          
Consumption propensities 110    94  121   93   80   92    95    76    89  
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4. Final considerations 
 
This pilot exercise shows that combining micro and macro data can improve the analysis 
on income distribution. It is important to integrate macro information on aggregated 
economic trends with coherent distributional analysis. Variation of aggregated disposable 
household income is not evenly distributed among all households. This kind of analysis 
allows to understand how average income variation are distributed among household 
categories identifying who is bearing the costs of economic crises or taking benefits in 
case of economic expansion. In this way economic policies can be better shaped and 
directed and (scarce) public resources better allocated.   
The use of individual-based data from different data sources may lead to inconsistent 
allocations of income and consumption among the households groups. Thus it is 
advisable to match the data drawn from the micro data sources before calculating 
breaking-down indicators. Record linkage and statistical matching techniques  could be 
used for the purpose depending on the kind of data sources to be merged. This would also 
allow to complete the classification of households also on the consumption side and to 
obtain consumption propensities by quintiles, which could supply useful information for 
policies 
It is common to consider NAs values as the standard. However the macro-micro 
reconciliation process has shown that surveys values can sometimes be higher than NAs 
values. This obviously should lead to reconsider the role of NAs as standard or at least to 
better investigate the reasons of the micro-macro discrepancy. Ideally individual-based 
data coming from households budget survey data and/or administrative archives should 
represent an input for the whole NAs process leading to the GDP estimate. 
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Abstract  
    

In this paper robust frontier models are used in order to rank regions according to the 
efficiency of their innovation systems. This analysis is useful for: development of 
effective policies, better use of resources in the field of innovation, designing regional 
innovation strategies. By this study we want to contribute to the process started by OECD 
and European Commission of assessing the regions innovation systems, finding good 
practices and benchmarks. 
 
Keywords: robust estimators, frontier models 
 

 
 
1. Introduction   
    

The new economic strategy of the European Union aims to improve EU` 
performance in innovation. Taking this into consideration, we need innovation policies 
based on rigorous quantitative analysis. An important step in achieving this goal is 
represented by the assessment of the innovation process at regional or national level.  
We consider that ranking regions from different countries according to the efficiency of 
their innovation system represents an useful tool for policy makers. One concrete action 
that has been initiated in this regard is the development of a tool meant to help assessing 
the innovation performance in EU Member States. This tool is known as Innovation 
Union Scoreboard (IUS) and includes innovation indicators which capture the 
performance of the national innovation systems and trend analyses for the EU 27 
Member States. The same tool was developed for the evaluation of regional innovation 
systems – RIS (Regional Innovation Scoreboard).  

The purpose of this study is to measure and compare the innovation performance 
across NUTS 2 regions using the indicators included in the 2012 edition of RIS. The 
innovation systems at regional level are evaluated form the point of view of technical 
efficiency which is estimated by non-parametric techniques. In efficiency theory this 
means that each region is treated as a production unit or Decision making unit which 
transforms a number of p inputs into a number of q outputs. 
Thus first step is to correctly identify the inputs and outputs that can define the 
innovation process. For the analysis developed in this paper, regional innovation systems 
are characterized by eight input variables and four output variables. The input variables 
capture relevant aspects of the innovation process such as: human capital, research 



financing and number of patens as an indicator of intermediary results of innovation. The 
output variables reflect the economic effects of innovation.  
In order to rank regions according to their regional innovation systems performance, 
efficiency scores are estimated  for each region included in the analysis. 

In the nonparametric approach context, the efficiency scores represent a distance 
from each unit to the production frontier which is estimated by a nonparametric method. 
This means no assumption is made regarding the functional form of the production 
function and only information regarding the quantities of inputs used and the quantities of 
outputs produced by each unit are needed (Coelli et al., 2005). 

For the analysis presented in this paper, partial estimators of frontiers are 
employed, known as  order m and order � efficiency estimators (Daraio, Simar, 2010). 
Unlike the traditional nonparametric approach, these estimators do not envelop all data 
points and thus are not influenced by extreme values. The investigation of the regional 
innovation systems brought to light the heterogeneity of the regions of the same country 
indicating the necessity of the implementation of some policies adapted to each region 
particularities. 
 
 
2. Methodology 
 

Nonparametric frontier models known as Data envelopment Analysis are used to 
measure the efficiency for a set of n Decision Making Units characterized by p inputs and 
q outputs. These models allow estimating a score for each decision making unit if the 
quantities of inputs used in the production process and the quantities of outputs obtained 
are known. An efficient frontier is estimated by solving a linear programming problem. 
The specification of this problem depends on the orientation chosen and on the 
assumption regarding the returns to scale of the production function. Assumptions 
regarding the functional form of the production function are not required due to the 
approach which is nonparametric.  

In the output orientation case, the score reflects the maximum feasible increase in 
all outputs and in the input orientation case the value of the estimated score captures the 
minimum feasible increase in all inputs. This means that a decision making unit receiving 
a score equal to one is efficient independent of the orientation chosen. Therefore 
according to the value of this score the classification of the units into efficient and 
inefficient performers is made. The linear problem that has to be solved for each decision 
making unit for the output oriented case, assuming variable returns to scale, has the 
following form (Daraio and Simar, 2007): 
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The drawbacks of this approach come from features common to all nonparametric 
techniques. This are related to the curse of dimensionality. The convergence rates are low 
when the number of inputs and outputs are high and we need a very large sample (Daraio 
and Simar, 2007): 

����, �	 − ���, �	 = #$ % & '()*)+,																																																																																																												�2	                                           



In practice the units are characterized by many inputs and many outputs we do not have 
very large samples. In order to eliminate these drawbacks, partial frontiers models have 
been introduced known as order m and order � frontiers (Cazals, Florens, Simar, 2002). 
The most important properties of these estimators are: 

- Are more robust to extreme data points because not all the data points are used 
when building the frontier; 

- These frontiers are not affected by the curse of dimensionality. 
In this case, the estimator of the frontier is built without enveloping all the observed 

data points. This approach is based on the probabilistic formulation of the production 
process (Daraio and Simar, 2005). Thus the production process is described by the 
conditional distribution function: 

./��|�	 = 0123�� ≥ �|� ≤ �																																																																																																																	�3	   
and the output efficiency score is written as: 

���, �	 = 5678�|./���|�	 > 09																																																																																																																(4) 

In the order-m frontier models framework, the production set is defined  as: 

Ψ;��	 = <��=, �	 ∈ ?@$@A|	�= ≤ �, �� ≤ �, � = 1,… ,�B																																																																					�5	  
And then the efficiency score �;��, �	 is obtained by introducing the set Ψ; in the 
equation : 

�;��, �	 = 5678�|��, ��	 ∈ Ψ;��	9																																																																																																						�6	 
According to Daraio and Simar (2005), a nonparametric estimator of �;��, �	 is given 
by: 
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When estimating the efficiency score for an unit (x,y) the comparison is made against m 
units randomly drawn from the units with an output level higher than y. Because not all 
the data points are enveloped, order-m efficiency scores are not bounded by 1, hence a 
value greater than 1 indicates that the investigated unit is less efficient than the average of 
m randomly drawn units. 

Order � quantile type frontiers are based on the following concept: the frontier is 
determined by fixing the probability  (1-	�) of observing points above the frontier. In this 
case, the output oriented order � efficiency score of the unit operating at the level (x,y) is 
obtained by solving (Daraio and Simar, 2007): 

��O��, �	 = 5678�|./���|�	 > 1 − �9																																																																																																						�8	 
If this score is higher than 1 it shows the proportionate increase in outputs needed by the 
unit (x,y) to get to the efficient frontier. 

 
 
 



3. Data description 

The most recent information on regional innovation is provided by the Regional 
Innovation Scoreboard 2012 (RIS 2012) report which covers 190 regions across the 
European Union, Croatia, Norway and Switzerland. 
The Regional Innovation Scoreboard 2012 classifies the European regions into four 
innovation performance groups: "innovation leaders", "innovation followers", "moderate 
innovators" and "modest innovators". A hierarchical cluster analysis based on Regional 
Innovation Index was used in order to distinguish these performance groups, where the 
index is calculated as a weighted average of twelve indicators included in RIS 2012. 
The results presented in the RIS report show that the investigated countries are not very 
homogenous with respect to the levels of regional innovation performance: there are 
countries where some regions are innovation leaders meanwhile other are modest 
innovators.   

We used as inputs and outputs the indicators available in RIS 2012 report. This 
means that our data were transformed using a square root transformation and normalized 
with a min-max procedure. In order to estimate the innovation efficiency at regional level 
we used eight inputs, denoted by Ii , i=1...8, and four outputs denoted by Oi, i=1…4, (see 
Table 1). We have included time lags between inputs and outputs considering that it takes 
time before inputs will be transforming into outputs. 
 
Table 1 Inputs and outputs of the innovation process 

RIS 2012 Indicator Code Definition (according to Regional Innovation 
Scoreboard 2012) 

Population with 
tertiary education 
   

I1 
Number of persons in age class 25-64 years with some 
form of post-secondary education (ISCED 5 and 6) per 
100 population in the same age class 

Public R&D 
expenditures 

I2 
All R&D expenditures in the government sector and the 
higher education sector as % of GDP  

Business R&D 
expenditures I3 

All R&D expenditures in the business sector, according to 
the Frascati-manual definitions, in national currency and 
current prices as % of GDP 

Non-R&D 
innovation 
expenditures  

I4 

Sum of total innovation expenditure for SMEs only, in 
national currency and current prices excluding intramural 
and extramural R&D expenditures as % of total turnover 
of SMEs 

SMEs innovating in-
house  I5 

Sum of SMEs introducing a new product or new process 
either in-house or in combination with other firms, as % of 
total number of SMEs.  



Innovative SMEs 
collaborating with 
others 

I6 

Sum of SMEs that had any co-operation agreements on 
innovation activities with other enterprises or institutions 
in the three years of the survey period, as % of total 
number of SMEs.  

Public-private co-
publications  I7 

Number of public-private co-authored research 
publications. Publications are assigned to the region in 
which the private sector organization is physically located. 

EPO patents  
  

I8 

Number of patents applied for at the European Patent 
Office (EPO), by year of filing per billion GDP. The 
national distribution of the patent applications is assigned 
according to the address of the inventor 

Technological 
(product or process) 
innovators  

O1 
The number of SMEs who introduced a new product or a 
new process to one of their markets 

Non-technological 
(marketing or 
organisational) 
innovators 

O2 

The number of SMEs who introduced a new marketing 
innovation and/or organisational innovation to one of their 
markets as % of all SMEs 

Employment in 
medium-high/high-
tech 
manufacturing& 
knowledge-intensive 
services  

O3 

Number of employed persons in the knowledge-intensive 
services sectors and in medium-high and high-tech 
manufacturing as a percentage in total workforce.  

Sales of new- to-
market and new-to-
firm products  

O4 
Sum of total turnover of new or significantly improved 
products either new to the market or new to the firm for 
SMEs only as %  of total turnover 

 

4. Results 

In this section we present the efficiency estimates based on partial frontiers models. 
Unlike the traditional nonparametric estimators they are not affected by the curse of 
dimensionality. Nevertheless we first investigated the possibility of reducing the number 
of inputs or outputs through principal component analysis techniques, given the values of 
the correlation coefficients among input respectively output variables. We decided to 
summarize the information contained in the eight input variables through two principal 
components which are extracting 70% from the innovation inputs. Also, the innovation 
process will be described by two output variables given that when performing the 
principal components analysis on the output variables matrix we selected two principal 



components which are explaining 70.8% of the variation. The two figures below show 
how the two principal components correlate to the initial variables in each case. 

  

Fig.1 Correlations among principal 
components and input variables 

Fig.2 Correlations among principal 
components and output variables 

Thus the efficiency scores were estimated for 190 regions included in RIS 2012 which 
are characterized by two input variables and two output variables. As mentioned before 
output oriented models were used. Unlike the traditional DEA estimators, in the case of 
the robust estimators the efficiency scores are not bounded by 1 and thus the returned 
values may be greater than, equal to, or less than one. In the output orientation case a 
score higher than 1 shows the proportionate increase in outputs needed by the 
investigated unit to get to the efficient frontier. A value which is less than one would 
indicate that the units produces  more output than the expected value of the maximum 
level of output of m other firms drawn from the same population. We set several values 
of m, thus  the possible number of potential competitors we benchmark our units against 
takes successively the values: 30, 50 and 100.  We also estimated the performance by 
using order alpha measures of efficiency, setting different values of the decision making 
unit probability of being dominated on the output dimensions by the other units having at 
most the same level of input. As can be seen in the tables below alpha takes the following 
values: 85%, 90% and 95%. If the score is higher than 1 then its value would give the 
proportionate increase in outputs needed to move the investigated unit to the frontier so 
that it is dominated by units using less input, with the probability 1-�. Otherwise the 
score would indicate the proportionate reduction in outputs necessary to be on the 
frontier. Some descriptive statistics summarizing the robust efficiency measures in the 
output orientation framework are presented in Table 2.  

 
 



Table 2 Descriptive statistics for efficiency estimates 

 Statistic QRST,U QRVT,U QRWTT,U QRT.YV,U QRT.ZT,U QRT.ZV,U 

Min 0.691 0.687 0.686 0.728 0.728 0.712 

1st Qu 0.9093 0.8952 0.8945 1.000 1.000 0.951 

Median 1 0.992 0.9885 1.079 1.031 1.000 

Mean 0.979 0.9572 0.958 1.124 1.075 1.017 

3rd Qu 1.026 10.037 10.068 1.229 1.168 1.063 

Max 1.348 1.257 1.231 2.061 2.040 1.660 

 
In order to find best practice we first compared our estimation results with the 
classification provided in the Regional Innovation Scoreboard 2012. We wanted to see if 
the regions included in the innovation leaders group are more efficient than those 
belonging to the modest innovators group. The results presented in Table 3 show that the 
two rankings are not very similar.  Within each performance group we find both very 
inefficient regions and regions performing very well according to their really small 
efficiency score. On average the regions included in the leader innovators group are less 
efficient than the regions included in the other three groups. These contrasting results are 
due to the different concepts underlying the two classification approaches. The units 
having levels of outputs above the average despite their small amount of resources are 
efficient  but are considered modest or moderate innovators according to the cluster 
analysis. Thus huge levels of inputs and of outputs involves leader innnovators 
membership which is not always equivalent to efficiency.  
 
Table 3 Statistics per performance group 
 

 Group Statistics  QRST,U QRVT,U QRWTT,U QRT.YV,U QRT.ZT,U QRT.ZV,U 

Leader 

Mean 1.055 1.016 1.018 1.259 1.198 1.122 

Standard 

deviation 0.12 0.102 0.103 0.187 0.168 0.155 

0% 0.785 0.75 0.755 0.937 0.896 0.857 

25% 0.986 0.969 0.969 1.154 1.094 1.012 

50% 1.01 1 0.998 1.204 1.148 1.059 

75% 1.146 1.092 1.093 1.397 1.320 1.247 

100% 1.348 1.257 1.231 1.638 1.538 1.483 

Follower 

Mean 0.993 0.965 0.967 1.175 1.118 1.044 

Standard 

deviation 0.105 0.093 0.094 0.172 0.155 0.127 

0% 0.796 0.773 0.776 0.946 0.846 0.805 

25% 0.937 0.909 0.905 1.04 1 0.968 

50% 0.979 0.965 0.964 1.122 1.081 1 

75% 1.068 10.315 1.027 1.296 1.227 1.132 

100% 1.253 1.159 1.144 1.638 1.509 1.407 



Moderate 

Mean 0.981 0.963 0.962 1.115 1.077 1.018 

Standard 

deviation 0.09 0.087 0.089 0.154 0.133 0.097 

0% 0.764 0.726 0.706 0.865 0.823 0.793 

25% 0.976 0.942 0.944 1 1 1 

50% 1 1 1 1.080 1.047 1 

75% 1.019 1.003 1.002 1.198 1.167 1.066 

100% 1.129 1.091 1.118 1.446 1.371 1.311 

Modest 

Mean 0.686 0.728 0.728 0.712 0.968 0.934 

Standard 

deviation 0.12 0.11 0.109 0.218 0.191 0.154 

0% 0.691 0.687 0.686 0.728 0.728 0.712 

25% 0.838 0.834 0.835 0.936 0.869 0.835 

50% 0.973 0.972 0.972 1 1 0.997 

75% 1 1 1 1.05 1 1 

100% 1.29 1.073 1.059 2.061 2.04 1.66 

 

We believe that only the efficient units that are also included in the leader or follower 
category should be considered best practice examples for the innovation process. The 
intersection of the two best performing categories is given by three regions from 
Netherlands and two from Finland (Table 4).  

Table 4 Order m and order alpha efficiency estimates for units considered best practice  

Region Code QRST,U QRVT,U QRWTT,U QRT.YV,U QRT.ZT,U QRT.ZV,U 

Gelderland NL22 0.797 0.787 0.784 0.989 0.846 0.838 
Groningen NL11 0.819 0.812 0.808 0.969 0.882 0.863 
Overijssel NL21 0.796 0.773 0.776 0.946 0.908 0.867 
Itä-Suomi FI13 0.785 0.75 0.755 0.937 0.896 0.857 
Pohjois-Suomi FI1A 0.857 0.825 0.825 0.976 0.951 0.906 

The information from Regional Innovation Monitor could help us understand why these 
regions outperform the others. For example, we found out that Itä-Suomi region from 
Finland has a lot of potential in terms of knowledge assets. This region is characterized 
by high share of young people with a tertiary education and according to our estimation 
these inputs are efficiently transformed into innovation outputs. Another region with a 
very good innovation performance is Pohjois-Suomi which represents the highest figure 
among the Finnish regions with respect to R&D expenditures. According to the Regional 
Innovation Monitor, characteristic for the innovation performance of the Province of 
Groningen is the strength in terms of the R&D expenditures of the higher education 
institutes, which as a share of GDP, are way above the European average. Considering 
the values of the scores presented in Table 4 we can conclude that this innovation system 
is also very efficient. 

 



5. Conclusions 

The final results of the analysis developed in this paper, consist of ranking the regions 
according to the efficiency of their innovation systems. The most efficient regions are not 
necessarily in the innovation leaders group proposed by RIS 2012. Given the complexity 
of innovation, the development and the implementation of innovation related policies 
must take into account a range of measures both qualitative and quantitative. Therefore, 
taking into account the classifications outlined in the RIS 2012, we concluded that 
regions such as Itä-Suomi, Pohjois-Suomi, Groningen, Gelderland and Overijssel are best 
practices in terms of innovation policies. These are regions that have rich resources and 
are also technically efficient. In conclusion the estimated efficiency scores obtained from 
robust frontier models help us identify best practice in the field of regional innovation. 
This analysis is useful for: development of effective policies, better use of resources in 
the field of innovation, designing regional innovation strategies.  
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Abstract  
   
The present research reveals a detailed perspective of the Labor Market for security 
guards in Israel in time of terror attacks 2000-2004. 
The findings show that the Labor Market for security guards was significantly reshaped 
by terror. Whereas terrorism has a negative impact on the Labor Market for security 
guards due to increased danger, the overall effect of terrorism on this sector of the Labor 
Market is significantly positive and characterized by prosperity and expansion. 
The main effect of this expansion was triggering the transition from unemployment to 
employment in the Labor Market for security guards. Moreover, the high level of 
terrorism has an implication on the occupational mobility which increased the probability 
of exit of security guards to the other sectors of Labor Market. Furthermore, the 
expansion opened new opportunities of employment for individuals with few labor 
market resources, such as immigrants (who immigrated to Israel since 1990) or less 
educated individuals.     
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1.  Introduction  
   

Terror attacks have a significant impact on all areas of life of Israeli society and 
especially on the economy of the country. The latest waves of terror attacks in Israel have 
caused a massive expansion of the security guard sector, which is a new phenomenon for 
western societies.  
This study examines how terror attacks affect the labor force in general and the security 
guard sector more particularly during the Second Intifada. 
We analyzed how a single sector was reshaped and particularly how categories of 
individuals find themselves pulled into this high-risk and low-pay occupation because of 
a lack of alternative opportunities.  

 



 

 
1.1. Israel during the Second Intifada 

 
One of the major threats facing the modern world is the threat of terrorism. This study 
focused on a time period between 2000 and 2004 in Israel, which was characterized by 
relentless terror attacks. Most of the terror attacks were directed against the civilian 
population and were deliberately designed to inflict the maximum number of civilian 
casualties by being carried out in locations where many civilians congregate, such as 
cafes, restaurants, outdoor markets, shopping malls and public buses. During this time, 
more than one thousand Israelis were killed, the overwhelming majority of them civilians 
(70 percent were civilians, 30 percent members of the security forces)1. Terrorist strikes 
began in the second half of 2000, while reaching their peak in the first quarter of 2002. 

 

Figure 1: The number of terror attacks and fatalities in Israel by quarter, 2000-2004 
 
Figure 1 shows the number of fatalities in terrorist attacks in each quarter between 2000 
and 2004. In 18 days of terror in 2002, 108 people were killed. This was the most 
difficult period for Israel both economically and psychologically. The most visible sign 
of this was the ubiquitous presence of armed security guards at the entrance to malls, 
retail stores, restaurants and cafes, who inspected people's bags and if necessary tried to 
prevent potential suicide bombers from entering these public spaces. 
 
1.2. The economic effects of terrorism 
 
Previous studies investigated the immediate economic damage caused by terrorism, and 
the effects on several parameters such as Gross Domestic Product (GDP), unemployment 
rate, foreign direct investment (FDI), and the tourism industry (Waxman 2011). Also, a 
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previous study by Berrebi and Klor (2005) has shown that the terrorism has a differential 
effect across economic sectors. Whereas terrorism has a significant negative impact on 
nondefense-related companies, the overall effect of terrorism on defense- and security- 
related companies is significantly positive.  
In Israel, the terrorism has increased the demand for security guards. In the years of 
Second Intifada we can see occupational expansion in the security sector, such as an 
appearance of new positions in security of educational institutions, public transport 
security, security of cafes, and security of shopping malls.  
At the same time terror attacks can occur anytime and anywhere without control and 
regardless of developments in different economic sectors. Thus, we can consider 
terrorism as an exogenous shock to the economy. An article by DiPrete and Nonnemaker 
(1997) examined the effect of exogenous shocks and structural changes in the labor 
market on an individual's mobility in the labor market. They found that occupational and 
industrial expansion increased rates of job mobility within industries. Furthermore, 
individuals with few labor market resources generally showed greater sensitivity to 
structural turbulence. 
Consequently, we argue that the increase in demand for workers in security guard 
services along with the high unemployment rate in these years2 can push individuals 
looking for work and available to work to enter those occupations. Moreover, the 
expansion opened new opportunities of employment for individuals with few labor 
market resources, women, and immigrants (who immigrated to Israel since 1990). 
According to DiPrete and Nonnemaker (1997) the increase in demand forced employers 
to open up opportunities for young cohorts with a lack of experience in the Labor Market. 
Regarding women, one of the classic examples is the massive entry of women to 
employment during World War II (Acemoglu, Autor and Lyle 2002). In the period of 
increased terror attacks, as during the war, women get a chance to enter the non-
traditional Labor Market and take "male" positions. Hendeles (2004) reports on the 
phenomenon of the increased number of women in military combat roles in Israel in that 
period. Thus, women fit the requirements of the job skills in order to increase their 
chances to enter the security labor market. Concerning immigrants, according to 
Hendeles and Bar Zuri (1994) the time factor is considered a major variable in the 
absorption and adaptation of immigrants. This development is explained by human 
capital added during their stay in the new country, such as learning the local language, 
knowledge of the labor market, and matching local skills requirements. Consequently, we 
expected to observe high job mobility among immigrants in the first years after 
immigrating to Israel. 
Furthermore, we can’t underestimate the most immediate effect of terrorism, the 
psychological effect. Terrorism has a significant impact on people's everyday lives, 
whether or not they are directly exposed to it. Becker and Rubinstein (2007) explain 
using economic models, the effect of fear on people's behavior. As a result of the 
uncertainty and fear of terrorist attacks, the behavior of individuals becomes 
economically irrational, although a chance to be physically harmed is minimal. As a 
result, we argue that the terrorism not only increases the number of entrances to the labor 
market for security guards, as a response to the rise in demand, but also the number of 
exits from it. 
                                                 
2Table 5.1, Labour Force Surveys 2005, Publication No. 1276,Central Bureau of Statistics  



 

2. Labor Market for security guards, 1995-2005 
 

Security is an integral part of daily life in Israel. Police is the central body responsible for 
maintaining the security of citizens within the country. In the period of tense security 
atmosphere the police could not provide the all required protection services. Due to 
increased demand private companies rose offering guardian and security services. This 
work focuses on private security guards. In order to define the population of security 
guards we used the International Standard Classification of Occupations (I.S.C.O. 88)3.  
 
2.1. Development of private security guard services 

 
The number of security guards in the private sector has increased by 2.2 times between 
1995 and 2004. In 1995, 24.3 thousand individuals worked in occupations of security 
guard (1.2% of total employed persons) (Shemesh 2011).The significant increase 
occurred between 2001 and 2004 (Shemesh 2011), the years of the Second Intifada. In 
2004 the number of employed persons in this occupation reached a peak of 52.6 thousand 
(2% of total employed persons). 
From 2005 the proportion of security guards in the labor market declined from 1.9% to 
approximately 1.7% of total employed persons and remained constant till 2011. 
 
2.1.1 Demographic characteristics  
 
While three years military service is mandatory to every man and woman aged 18 (with 
some exceptions), the professional requirements for the security guards are not 
particularly high: carrying weapons, military service or military combat background. In 
addition,  the preference of young age, minimum eight years of education, good health, 
and knowledge of the local language at the level that enables efficient and good 
performance of the job. 
Most of the security guards in Israel are males, 91% in 2005, compared with 53.7% of 
employed males in the Israeli Labor market (Shemesh 2011). The highest representation 
of women in these occupations was in 2003, when the percent of female security guards 
rose to 15.4%. The increase in proportion of females among the security guards was 
temporary and occurred in 2002-2003, the years of multiple terror attacks. While the 
average age of women who worked as security guards in 2003 declined to 24.7 compared 
to the previous years, the median age 23 remained constant. In contrast, in 2003 the 
average age of males employed in security guard sector is 34.4. Overall, employees 
employed as security guards are younger than the employees in other sectors. Thus, in 
2003, 69.7% of the security guards were under age 35, compared to 41% of total 
employed persons. We can explain this phenomenon partially by an addition to the 
National Insurance Law, regarding the one-time grant paid to soldiers who are discharged 
from compulsory service and who worked for 6 full months in vital work. In 2003 two 
jobs were added as eligible for the grant: security of educational Institutions and public 
transport security. So this kind of work was attractive for males and females discharged 
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soldiers, which reduced the average age of the occupation and increased the proportion of 
women in it. 
In 2005 about 27% of the security guards were immigrants from the former USSR who 
immigrated to Israel since 1990. This compared with 19% of immigrants out of total 
employed persons (Shemesh 2011). 
As we mentioned before most of the security guards are young, so mostly of them are 
single (55% of all security guards) who have not managed to complete their education 
yet. Thus, 23.7 % of security guards are postsecondary students in college or university 
with an average of 13.8 years of schooling, compared with 9% of total employed persons 
(Shemesh 2011). 
 
2.1.2 Employment characteristics 
  
Employees constitute 99% of total persons employed as security guards. Most of them 
are employed by companies that specialize in the hiring of security guard employees. 
In 1995, about 49.4% of security guards worked in industry "Security and cleaning 
activities"4. By 2005, the percentage of security guards who worked in that industry rose 
to 70.7 % (Shemesh 2011). The average wages per employee in that economic branch are 
among the lowest in Israel. According to the Central Bureau of Statistics the average 
monthly wage per employee job for 2005 in "Security and cleaning activities " was NIS 
3,272, compared with the average monthly wage in Israel - NIS 7,324 per employee job 
that year. The rest of security guards are employed in Transport, Storage and 
Communications industry  ̶ 9%, in Public Administration  ̶ 11%, and in the other 
industries (Shemesh 2011). 
In 2005, 75% of security guards worked full time job (35 hours and over per week), 
among them, over 50% were employed 45 hours or more per week. Of those who worked 
less than 35 hours per week 61% mentioned studying as a main reason for working part-
time (Shemesh 2011).  
In general, the security guard is one of the lowest paid occupations in the Israeli Labor 
Market and which requires long hours of work. It mostly attracts young people and 
soldiers who are discharged from compulsory service. In addition, this work is suitable 
for students due to flexible working hours and shifts.  
 
 
3. Data and Methodology 
 
3.1 Data  
 
The Labor Force Survey (LFS) provides detailed information on employment status and 
personal characteristics. We used a novel methodology by taking advantage of the Labor 
Force Surveys for 1995-2005 (yearly files) to first construct panel data and then use that 
in combination with external data of terror attacks. 
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The Labor Force Survey is the principal survey of households conducted by the Central 
Bureau of Statistics and it includes a longitudinal component. The sample drawn each 
year is allocated to four sub-samples, known as panels. The panels are introduced into the 
survey investigation in four consecutive quarters, one panel in each quarter. Each panel is 
investigated four times according to the following pattern 2-2-2: the first quarter of the 
investigation, the following quarter, a break of two quarters and two more investigations 
in the following two quarters.  
In the first stage we created a separate file for each panel from the LFS yearly files. Thus, 
the panel files contain the information about all the investigations of the individual over 
the time period of a year and a half. On average 57% of the individuals have been 
investigated four times and 85% of the individuals have been investigated for two 
consecutive quarters. One of the main reasons, that we don’t have all the investigations 
for all individuals is a changeover of residence. It should be mentioned that the sample 
unit is a dwelling and the household residing there at the time of the interview is 
investigated.  
In the second stage, to examine the labor market mobility, we constructed a file, which 
contains all the personal data of two consecutive quarters only (1-2 and 3-4). Therefore, 
the limitation of the file is: each person can appear in it more than once. The final sample 
was comprised of 172,690 Israeli individuals, aged 15 and over. 
Finally, the database was matched by date to the data on the terror incidents in Israel in 
2000-2004. This data includes the date of the terrorist event and the number of fatalities 
that day. To construct daily time-series of terror attacks and the corresponding fatalities, 
we rely primarily on data provided by Israeli Ministry of Foreign Affairs5 and The 
International Institute for Counter-Terrorism (ICT), Herzliya6. 
The ability to use a series of LFS, with data collected over regular intervals from each 
respondent in the survey, provided a unique opportunity to examine how different 
segments of the population shift into and out of the security guard sector. 
 
3.1 Methodology 
 
We investigated the effect of terrorism on the Labor Market concerning two aspects: 
static and dynamic. The static aspect describes the security guards compared to the other 
groups of the population, such as employed in other sectors of Labor Market, 
unemployed and individuals who are not in civilian labor force. The dynamic aspect 
shows what happens to the individuals in the Labor Market over time, and checks their 
mobility between the states of employment. 
The challenge was partially due to the difficulty in combining repeated rounds of the 
survey as well as mastering both transition probability matrix methods and multinomial 
logistic regression methods. First, using the multinomial logistic regression, we examine 
the static aspect of the study. 
Our probability model is 
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where 

 
i- Index of individual 
m- Index of different employment statuses 
Xi -Vector of independent variables 
Ti - Quarter for the first investigation of an individual i  
T=I/2000, II/2000, III/2000, IV/2000, I/2001…, IV/2004. 
 
The dependent variable examines the static aspect is: 
 
                 1 = employed as a security guard 
   =     2 = other employed (employed in the other sectors of economy) 

                 3 = not employed (unemployed or not in the civilian labor force)  
 
We estimate the probability to be found in the certain category of dependent variable.  
The dependent variable, which measures the dynamic aspect of the phenomenon, has nine 
categories that are transitions between the three employment statuses described above.  
 
                        1 = other employed in  ⇒ other employed in  

                        2 = not employed in  ⇒ not employed in  

                        3 = security guard in  ⇒ other employed in  

                        4 = security guard in  ⇒ not employed in  

  =      5 = other employed in  ⇒ security guard in   

                        6 = other employed in  ⇒ not employed in  

                        7 = not employed in  ⇒ security guard in  

                        8 = not employed in  ⇒ other employed in  

                        9 = security guard in  ⇒ security guard in  

where   - following quarter for the second investigation of an individual i 

Independent variables contain an individual's demographic characteristics as well as 
variable "terror attacks". We measured the level of terrorism using the number of Israeli 
fatalities in 30 days before the date of the survey investigation. 
Another method we used for investigating the dynamic processes is the transition 
probability matrix. This method allowed us to analyze all the possible transitions from 
various employment statuses in the Labor Market.   
 
4. Results and Discussion 
 
4.1 Entry to the Labor Market 
 



 

Entry and exit from the Labor Market largely depend on the individual and his 
employment chances. So first we focused on the static model (Table 1) in order to 
estimate the probability of an individual to be employed as a security guard relative to the 
other groups in the Labor Market: employed in the other sectors of economy and not 
employed (unemployed or not in the civilian labor force).  
 
Table 1: Factors affecting the entry to the labor market statuses  in Ti , 2000-2004 
              

security guard other employed  
vs. vs. 

not employed not employed 
  Estimate    Std. Error Estimate    Std. Error 

Variables 

Intercept -7.913 *** 0.168 -2.800 *** 0.029 

Male 2.588 *** 0.087 0.613 *** 0.012 

Age group 15-24 0.491 *** 0.104 0.634 *** 0.022 

Age group 25-34 1.725 *** 0.091 1.910 *** 0.018 

Age group 35-44 1.030 *** 0.113 2.016 *** 0.018 

Age group 45-54 1.375 *** 0.101 1.935 *** 0.018 

Secondary school diploma - 
matriculation certificate 1.076 *** 0.063 0.672 *** 0.015 

Post-secondary school diploma 
(non-academic track)  0.680 *** 0.097 1.103 *** 0.019 

Academic degree  0.603 *** 0.094 1.518 *** 0.017 

Married -0.345 *** 0.072 0.436 *** 0.015 

Jewish 0.889 *** 0.084 0.782 *** 0.016 

Student -0.177 ** 0.073 -0.688 *** 0.020 

Immigrant  0.483 *** 0.065 -0.339 *** 0.016 

2001 0.005 0.106 -0.019 0.021 

2002 0.082 0.116 -0.072 *** 0.023 

2003 0.141 * 0.105 -0.082 *** 0.021 

2004 0.339 *** 0.103 -0.054 ** 0.021 

Terror attacks 0.001   0.001 0.000   0.000 

***  Significant at the 1% level. 
**   Significant at the 5% level. 
*    Significant at the 10% level. 
 

Most estimates are statistically significant in this model. Males are more likely to be 
employed as a security guard, rather than the individuals who are not employed. The age 
pattern is interesting in the model. As we expected, young individuals are more likely to 
be employed as a security guard, relative to the older individuals, but the smallest odds 
ratio is in the age group 35-44. There is a better chance to be employed as a security 
guard for individuals who has a secondary school diploma (odds ratio=2.934), relative to 
less educated individuals. However, the estimate show a negative correlation between 
variable student and variable security guard (odds ratio=0.838), relative to not employed. 
On the one hand, the job, such as security guard, permits flexible work hours and is 
convenient for combining study and work. On the other hand, a high percentage of 



 

students are not interested in working during their studies7. Married individuals are less 
likely to be employed as a security guard, rather than the individuals who are employed 
in other occupations. Also we find that the probability of immigrants for employment as a 
security guard is significantly higher than veterans and they are more likely to enter the 
Labor Market as security guards, than to other occupation.  
When the terrorism reached its peak in 2002-2003 the demand for security guards 
increased, consequently chances to work as a security guard rose in this period from year 
to year compared to 2000, although the positive impact of terrorism is not strong. 
The security sector of the Labor Market is less attractive for individuals who have more 
opportunities in other sectors of the economy. As mentioned above, the wages of security 
guard are among the lowest in the Labor Market. 
 
4.2 Labor Market Mobility 
 
Who in fact switches to work as security guards when the level of terror goes up? To 
answer this question we used the data, which contained all the transitions of individuals 
in the Labor Market, which were made between two following quarters. Table 2 shows 
transitions between employment statuses in the Labor Market by year from 2000 to 2004 
and an average of five years. 
 
Table 2: Transition Probabilities  ⇒  (in %) , 2000-2004 

2000
security 

guard
other 

employed 
unemployed

not in the 
labor force

2003
security 

guard
other 

employed 
unemployed

not in the 
labor force

security 
guard 64.23 0.21 0.63 0.23

security 
guard 71.47 0.20 1.60 0.18

other 
employed 13.14 91.79 30.33 6.44

other 
employed 13.50 91.20 25.14 5.68

unemployed
8.03 2.24 37.04 4.20

unemployed
5.83 2.69 43.14 3.94

not in the 
labor force 14.60 5.76 32.00 89.13

not in the 
labor force 9.20 5.91 30.12 90.20

2001
security 

guard
other 

employed 
unemployed

not in the 
labor force

2004
security 

guard
other 

employed 
unemployed

not in the 
labor force

security 
guard 66.44 0.26 1.01 0.15

security 
guard 72.52 0.23 1.53 0.16

other 
employed 15.93 90.94 27.71 5.97

other 
employed 14.73 91.60 24.21 6.24

unemployed
7.46 2.64 39.35 3.75

unemployed
4.25 2.29 40.83 4.28

not in the 
labor force 10.17 6.16 31.94 90.12

not in the 
labor force 8.50 5.88 33.44 89.32

2002
security 

guard
other 

employed 
unemployed

not in the 
labor force 2000-2004

security 
guard

other 
employed 

unemployed
not in the 

labor force
security 
guard 68.39 0.28 1.50 0.16

security 
guard 69.32 0.24 1.34 0.17

other 
employed 17.42 91.05 27.01 6.00

other 
employed 15.13 91.25 26.45 6.02

unemployed
7.10 2.67 39.61 3.67

unemployed
6.26 2.54 40.41 3.93

not in the 
labor force 7.10 6.00 31.88 90.17

not in the 
labor force 9.29 5.97 31.80 89.87

T i

T i+1

T i

T i+1

T i

T i+1

T i+1

T i

T i

T i+1

T i

T i+1

 

 
The columns reflect the initial values of the starting Labor Market status in Ti and the 
rows reflect the final values for following quarter Ti+1. The diagonal of the matrix 
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represents those individuals who did not change their employment status. While the 
model reveals a high stability of individuals employed in other occupations, over the 
years the individuals increased their movements toward the security guard sector. 
Probability of staying to work as a security guard for a period Ti and Ti+1 went up from 
0.64 to 0.73 between 2000 and 2004. 
The probability of remaining at two consecutive quarters in a status of unemployed is 
much smaller than the probability of remaining in a status of not in the civilian labor 
force. Most of the individuals who don't participate in the labor force are pensioners, 
disabled, mothers of small children, a population groups that lack of a high potential to 
enter the Labor Market. The probability of an unemployed individual to change their 
status to the employment as a security guard in the following quarter is higher than the 
probability of an individual who is not in the labor force. 
 
Table 3: Factors affecting the Labor Market transitions between Ti and Ti+1, 2000-2004 

T i

T i+1 

Variables

Intercept 5.048*** 8.323 *** -1.520 *** -0.945** -2.116*** -1.285*** 4.080*** 3.903***

Male -1.900*** -2.589 *** -0.027 0.344 0.386 0.039 -2.232*** -2.284***

Age group 15-24 0.001 -0.629*** -0.235 -0.070 0.166 0.758*** 0.556*** 0.890***

Age group 25-34 0.252** -1.911 *** 0.500 ** -0.467* 0.491* -0.008 -0.249** -0.041
Age group 35-44 0.940*** -1.292 *** 0.040 -1.076*** 1.043*** -0.398 0.056 0.237*

Age group 45-54 0.584*** -1.542 *** 0.144 -0.465 0.670** -0.036 -0.363*** -0.157
Secondary school 
diploma - matriculation 
certificate -0.361*** -1.125 *** -0.092 0.054 -0.128 -0.055 -0.687*** -0.614***

Post-secondary school 
diploma (non-academic 
track) 0.545*** -0.665 *** 0.225 0.096 0.286 0.102 -0.067 -0.069
Academic degree 1.031*** -0.648 *** 0.518 ** -0.610* 0.268 -0.066 0.322*** 0.288**

Married 0.753*** 0.259 *** 0.024 -0.490** 0.062 -0.354* 0.270*** 0.307***

Jewish -0.259** -1.263 *** -0.084 -0.389 -0.507** -0.293 -0.654*** -0.721***

Student -0.715*** 0.089 -0.241 -0.645*** -0.457* -0.511*** -0.436*** -0.151*

Immigrant 1990-1994 -0.989*** -0.637 *** -0.353 * -0.735*** -0.414* -0.388* -0.847*** -0.790***

Immigrant 1995-1999 -0.948*** -0.397 *** -0.357 -0.180 -0.522 0.383 -0.651*** -0.499***

Immigrant 2000+ -0.591** 0.425 -1.329 0.387 0.235 0.450 0.027 0.570**

2000 0.531*** 0.470 *** -0.036 0.646** 0.408 0.319 0.487*** 0.546***

2001 0.465*** 0.450 *** 0.203 0.466** 0.569** 0.165 0.532*** 0.426***

2002 0.377*** 0.409 *** 0.367 0.324 0.571** 0.416* 0.414*** 0.397***

2003 0.231** 0.274 *** -0.020 0.241 0.094 0.360* 0.278*** 0.216**

Terror attacks -0.005** -0.005 * -0.010 -0.010 -0.005 -0.006 -0.003 -0.004
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***  Significant at the 1% level. 
**   Significant at the 5% level. 
*    Significant at the 10% level. 
Note: Ti - quarter for the first  investigation of an individual i 
           Ti+1 -  following quarter for the second investigation of an individual i 
 

Who are those who enter and exit the security guard sector relative to those who remain 
to work in it? Table 3 shows the dynamic model. The nine levels of the response variable 
are different transitions in the Labor Market between two following quarters. The referent 



 

level is security guard permanence. The dynamic model shows that the security guards 
aged 25-34 are 1.65 times more likely, than at age 55 +, to change the occupation than to 
remain a security guard. Also, the highly educated individuals who have an academic 
degree or graduated from high school is most likely to move from the security guard 
sector to the other sectors of the Labor Market (odds ratio 1.68 and 1.25 respectively). 
Married people are less likely to enter the security guard sector than unmarried people. 
Apparently the risk and fear of the profession affect an individual's decision. On the other 
hand married individuals are more likely to remain at the same job for two consecutive 
quarters than to move on. Males are more likely to enter the security guard occupations 
than the females. For an individual younger than 25 years old there is a high chance to 
work as a security guard, when he is unemployed or before he started any other job (odds 
ratio=2.14). But for the individuals who are employed in other occupation it is more 
likely to enter security guard sector when they are 35-44 years old (odds ratio=2.84). 
New immigrants are more likely to enter the security guard occupations than the veterans, 
especially more recent immigrants, who came to Israel in late 1990s or after 2000. They 
would be more likely to move to the security guard sector from other occupations and 
from the unemployment status. Otherwise they would be less likely than veterans to leave 
the occupied profession for a new one (odds ratio=0.26). Results are consistent with 
Cohen and Eckstein (2002); they found that the employment absorption of new 
immigrants occurs mostly during the first five years of stay in the new country. They are 
most likely to enter the security guard status from both unemployment status and from 
other sectors of labor market in 2002- a record year for terror attacks. 
Table 3 shows a significant negative effect of the terror attacks on the employment 
permanence. Employed in other occupations and unemployed are less likely to stay in 
their employment status between two following quarters, than the security guards. 
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Figure 2a: Labor Market transition probabilities      Figure 2b: Entry to the security guard occupation (in %) 
 
Figure 2a shows the probabilities of entry and exit from the security guard occupation in 
two following quarters by year. The probability of entry to the security guard occupation 
has increased in 2001 and 2002, when the terror attacks were more recent. In 2000, about 
50% of those who changed their labor market status to the employment as a security 
guard came from not employed individuals (Figure 2b). In 2003 their share reached 63%.  



 

The exit of the security guard occupation was mostly made by individuals who changed 
their occupation (about 80% of all exits) and also slightly increased in 2002 and 2004. 
The probability of security guard permanence rises gradually from 2000 to 2004. 

 
5. Conclusion 

 
The main contribution of this study is understanding the processes that took place in the 
Labor Market during the period of the Second Intifada; as well as in identifying and 
locating groups of the population with high potential for integration into the Labor 
Market. 
We argue that an exogenous change in the macro level, in our case the terrorism, 
increased an individual's mobility in the Labor Market considering his labor market 
resources. The large share of the expansion of the Labor Market for security guards 
comes from the transition from unemployment to employment. Our findings show that 
the changes in the security situation opened new opportunities for individuals with less 
attractive labor market resources to employers. Otherwise, when it comes to the exit from 
a field with a high personal risk for the employee, such as the threat of terrorism, it 
increased the probability of security guards to exit to the other occupations in the Labor 
Market.  
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Abstract  
     
It is now widely recognized that the presence of outliers or errors in the data collection 
process can affect the results of any statistical analysis. The effect is likely to be even 
more severe in presence of complex surveys like Census. In the context of the VI Italian 
agriculture census, ISTAT has used a robust procedure based on the Forward Search to 
detect cases in which the collected information by the census was not in agreement with 
that coming from the General Agency for Agricultural Subsidies (AGEA). The controls 
have concerned total agricultural area (SAT), used agricultural area (SAU), land for 
vineyards and olive groves. The outliers have been subject to further investigation to 
subject matter experts of the regions. This process has enabled to improve in a significant 
way both the quality of data in the Agriculture census and those of AGEA. This paper 
summarizes how ISTAT tackled the problems of data correction and control, discusses 
the methodological problems found during the outlier detection process and reports the 
main findings.   
 
 
Keywords: complex surveys, forward search, robust methods. 
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1. Introduction  
     
In order to take into account the distorting effect of all sources of errors in the Italian 
Agriculture Census data (http://censimentoagricoltura.istat.it/), a 
control process has started from the initial phase of the submission of the questionnaires 
(October 2010). The final phase of this process has come to an end with the publication 
of the final data (May 2012). The final purpose of these controls is finalized to the 
improvement of the quality of the data and has been made possible thanks to the 

mailto:francesca.torti@jrc.ec.europa.eu
mailto:pafrance@istat.it
mailto:gianbia@istat.it


interaction of two Divisions inside the national Italian Institute of Statistics (ISTAT). The 
first division (named Management System Detection, SGR) has enabled us perform a 
series of controls and automatic correction in the phase of data acquisition. The second 
division (named Correction and Control of the Census Data SCCD) includes all 
procedures of data analysis following data acquisition. ISTAT has worked with the 
different Italian regions using a “variable scheme”. In other words, the regions have been 
able to choose the degree of interaction (intensive or medium) with ISTAT. 

The data have been collected both using Internet and paper questionnaires. The 
information collected through web has undergone a preliminary series of logical and 
mathematical checks. In order to limit the burden of the divisions which had the purpose 
of putting into a digital format the data collected on paper, in the data collection phase the 
control activity has been limited to a subgroup of variables which have been considered, 
a priori, as most influential. More systematic controls have been successively made by 
SCCD. 

A second control phase (called check macro) has concerned the possible presence of 
atypical values regarding the extensions of the Total Agricultural Area (SAT) and Used 
Agricultural Area (SAU), land for vineyards and olive groves in case the collected 
information was markedly different from the one which comes from the National 
Agricultural Informative System (SIAN) and is included inside the General Agency for 
Agricultural Subsidies (AGEA). This control, which has been made possible using as 
pairing key the fiscal code of the person or of the firm which administers the farm, has 
enabled us to detect gross outliers which must be investigated by subject matter experts. 
ISTAT through its SCCD division has assigned a degree of importance to each gross 
outlier in order to give to the Regions an indication of the order of prioritization of the 
checks which had to be performed. Finally, SGR has made available to the subject matter 
experts of the Regions a restricted area where it was possible, for each farm, to analyze 
detailed information about the potential error which was detected and to examine the 
questionnaires which produced the suspicious data. 

 
2. Methodological issues     
 
The key issue of the methodology used to detect outliers is based on the assumption that 
the different sources of information should coincide, and the only admissible differences 
refer to a different classification scheme adopted, the observation range or the collection 
date. The outlier detection process has been performed inside each stratum defined in 
terms of the type of cultivation and the territorial level. Given that we can assume that 
data from the same geographical area are homogeneous, possible discordances (outliers) 
between the different sources are likely to originate from mendacious or erroneous 
declarations and recording errors. In any case, severe errors should be removed to ensure 
the quality of the census analysis. More in detail, for the regions with high intensity 
interaction, the outlier detection process has been performed using the data at inter-
municipality level and has concerned SAT, SAU, land for vineyards and olive groves, 
while for the remaining regions the outlier detection process has been performed using 
data at province-level and has just concerned SAT, SAU and vineyards. 



 
Figure 1: Examples of three datasets of Total Agricultural Area (SAT). Each point 
represents a farm. Points on the main diagonal are associated to situations in which the 
information coming from Census coincides with that from AGEA 

Figure 1 shows three representative datasets of the thousands which have been 
considered. Each point is associated to an agriculture farm. On the axes we report the 
information on Total Agricultural Area collected by AGEA ( x  axis) and by Census ( y  
axis). The points on the main diagonal are associated to situations in which the 
information coming from two sources (Census and AGEA) is concordant. On the other 
hand, points far above or below the main diagonal denote situations in which one of the 
two sources of information is likely to be wrong. The panel on the left of Figure 1 gives 
an example where the majority of the data is well aligned along the main diagonal and 
there are some scattered outliers. The central panel gives a typical example in which 
some farms have declared in the census survey a much larger SAT than the value which 
is contained in the AGEA database. The right panel, on the other hand, shows a situation 
in which for a group of farms Census has collected a SAT much smaller than that 
observed by AGEA. In conclusion, while for the data on the left plot the presence of 
outliers is scattered around and may be due to simple recording errors, in the central and 
right panel the presence of outliers seems to follow a systematic pattern and is unlikely to 
be due to random recording problems. 

Clearly, as is well known in the literature of robust statistics, the presence of multiple 
outliers or leverage points (represented in this context, for example, by farms with an 
agriculture area much larger than the remaining ones) may cause severe masking and 
swamping problems. For instance, the traditional ordinary least squares lines applied to 
the datasets given in the central and right panel of Figure 1, due to the presence of the 
multiple outliers, lie in between the the two groups and are completely ineffective for 
outlier identification. 

Among the different robust methods which are available in the literature for outlier 
detection (see for example Rousseeuw and Leroy, 1987, Maronna et al., 2006; Cerioli, 
2010), ISTAT has chosen the forward search (Atkinson and Riani, 2000; Atkinson Riani 
and Cerioli, 2004 and 2010) due to its superior properties in terms of size and power with 
respect to other traditional robust methods (Riani, Atkinson and Cerioli 2009; Torti et al. 
2012).  

 
 



3. The Forward Search for regression      
 
In the Forward Search (FS) for regression, subsets of increasing size  are used, starting 
from  (where  is the number of explanatory variables) and increasing until all 
observations not in the subset are identified as outliers. Least squares is used for 
parameter estimation for each subset. In this way the subset size flexibly responds to the 
properties of the data. The FS for regression is described in detail in Riani and Atkinson 
(2007). In this section, we give a brief overview of the main concepts and formulas. 

m
0m = v v

The FS starts from a small, robustly chosen, subset of the data. The subsets of increasing 
size are fit in such a way that outliers and subsets of data not following the general 
structure enter in the last subsets of the sequence and are clearly revealed by diagnostic 
monitoring. The rationale is that if there is only one population the journey from fitting a 
few observations to all will be uneventful. But if we have outliers or groups there will be 
a point where the stable progression of fits is interrupted. The tools for outlier detection 
and clustering in regression are then developed from forward plots of residuals.  

In the general regression framework we have one univariate response Y  and v  
explanatory variables 1, , vX X…  satisfying 

 0 1 1( )i i vE y x xivβ β β= + + +   (1.1) 
under the usual assumptions. Suppose that a sample  of  observations on Y  and on 
the explanatory variables is available. Standard least-squares theory focuses on
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observations in . On the contrary, in the FS we are interested in the sequence of 
estimators , obtained by fitting the regression hyperplane to 
subsamples  of  observations, with 
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computed from the estimate of β  at step m . ( 1)S m +   is defined as the subset of 
observations corresponding to the 1m +  smallest squared residuals .  2 ( )ie m

The initial outlier-free subset , formed by 0(S m ) 0m v=  observations, is chosen through 
the least median of squares criterion of Rousseeuw and Leroy (1987). To detect outliers 
we examine the minimum absolute deletion residual amongst observations not in the 
subset 
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where  is the square root of the estimate of the residual variance  
computed from the observations in , 
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i i ivx x x= …   is the th row of the design 
matrix 

i
X  and ( )X m  is the block of X  with rows indexed by the units in . If the ( )S m



observation for which 1.3 is computed does not follow the regression model, the modulus 
of its deletion residual will be large if compared to the maximum amongst observations 
belonging to the subset. At that step all other observations not in the subset will, by 
definition, have absolute deletion residuals greater than   and will therefore also 
be outliers. We call the graph of  for 

( )minr m
,n( )minr m 0 ,m m= …  a forward plot.  

In order to provide sensitive inferences it is necessary to augment the forward plot of 
 with envelopes of its distribution. Detailed examples of such envelopes and of 

their use in the FS with moderate sized regression data sets are presented by Atkinson 
and Riani (2006). For small data sets we can use envelopes from bootstrap simulations to 
determine the threshold of our statistic during the search. For larger data sets we can 
instead use polynomial approximations. Theoretical arguments not involving simulation, 
which are increasingly attractive as  grows, are provided by Riani et al. (2009) together 
with a formal test that allows for simultaneity in outlier detection. Therefore, the 
procedure of Riani et al. (2009) is a particularly suitable inferential framework for 
detecting multiple outliers in complex data sets such as those described in this work. 

( )minr m

n

 
4. Application of the Forward Search: examples 
 
Figure 2 shows the output of the application of the procedure to the three datasets given 
in Figure 1. The units declared as outliers have been plotted with symbol . In the 
dataset given in the left panel of 

○
Figure 1 any procedure of outlier detection is likely to 

produce reasonable results due to the absence of the masking effect. In the case of the 
other two datasets, given that we are in presence of multiple outliers which are 
concentrated in particular regions of the graph, the application of traditional procedures 
of outlier detection based on backwards methods (that is starting from a fit based on all 
the observations and start deleting the units which present the largest residuals) does not 
work at all. 
 

 
Figure 2: Results of the outlier detection procedure for the three datasets shown in Figure 
1. The outliers are shown with symbol “ ” . In the central panel we have denoted with 
symbol “ ”  the units which are declared as outliers using a 99%.  

○



On the other hand, the forward search algorithm starts in the area where the majority of 
the data lies (in these two examples the main diagonal) and easily finds the patterns 
associated with the observations which deviate from the main diagonal. In the central 
panel we have shown with symbol  the units which are declared as outliers using a 99% 
confidence band but not with a 99.9% confidence band. As default the confidence level 
which is used is simultaneous 99%. This means that in presence of normally distributed 
data without contamination, we expect to find outliers in 1% of the datasets which are 
analyzed. In order to rank the outliers and to give subject matter experts an order of 
priority about the degree of discordance between AGEA and Census, a suitable 
transformation of the p -value has been given to the regions. Given that in the ideal 
condition census information should coincide with that of AGEA, t -tests using just the 
units not declared as outliers, have been performed on the estimated values of the 
intercept α̂  and of the slope coefficient β̂ , in order to check whether they differ 
significantly from the hypothesized population values 0α =  and 1β = . Finally, it must 
be remarked in the case in which the majority of the data is perfectly aligned in the 
diagonal the estimated value of the variance of the errors of the regression line ( 2σ ) is 
close to zero. In this case a small difference between the Census and AGEA sources may 
lead to very large residuals (once they are standardized with the estimated values of σ ) 
and very small p -values. In order to keep into account this phenomenon (which in the 
literature of robust statistics is known as “perfect fit” problem, see for example Maronna 
et al. 2006), the value of the coefficient of determination ( 2R ) has been monitored. 
Clearly, a value of 2R close to 1 is an indication of almost perfect fit, and therefore leads 
us to increase the confidence level to declare the outliers in order to avoid to provide 
subject matter experts of the regions with cases without a practical interest. Similarly, a 
particular attention has been given to the datasets for which the final estimated value of 

2R was very small. These situations denote cases in which most observations lie far from 
the main diagonal without a particular pattern or we are in presence of multiple groups 
(e.g. García-Escudero et al. 2010). 

All the computations have been made using the core routines contained in the FSDA 
toolbox for Matlab which has been developed jointly by the University of Parma and the 
Joint Research Centre of the European Community (Riani, Perrotta and Torti, 2012) and 
is freely downloadable from the following Internet web addresses 
http://www.riani.it/MATLAB or http://fsda.jrc.ec.europa.eu. 

  
5. Output of the outlier detection procedure 
 
Table 1 shows a summary of the total number of outliers which have been found for the 
different Italian regions. The percentage of outliers found for most of the regions is 
around 3%. The maximum value is for Sardinia (7.89%) and the minimum value is for 
Liguria (1.85%). The last column of this table shows the average number of atypical plots 
of land per farm among the farms detected as outliers. In this case the first two positions 
are occupied by Sicily (1.63) and Sardinia (1.61). 

Table 2 gives an idea about the proportion of the Census data which have been corrected 
with the AGEA source or which have been confirmed or which have been corrected with 



a source of information different from that of AGEA. In this Table we have separated the 
regions according to their degree of interaction with ISTAT. In all cases, the percentage 
of the census values which have been replaced is always greater than 10%. The highest 
proportion of replacements can be found for lands devoted to vineyards (almost 28% for 
the regions with medium interaction). 

Table 1: Distribution of the firms declared outliers and average number of atypical plots 
of land for each farm declared outlier in each region. 

 



Table 2: Distribution of outliers subject to investigation by type of organizational model, 
type of variable and outcome of the investigation: absolute and percentage numbers 

 
 
     

6. Operational use of the tool  
 
The Italian survey on agriculture has mobilised a big amount of resources. Many people 
were involved in the analysis of the data with the robust regression tools described in this 
paper and with similar multivariate techiques, used to detect and remove the most 
extreme outliers in the survey data. Finding outliers in data is a very general issue that 
occurs frequently in a variety of official statistics problems. Therefore, ISTAT has 
invested a considerable amount of work for making these tools accessible to the internal 
personnel through a flexible web-based system, called “Concert”.  

The core of Concert are our robust tools implemented in MATLAB, which are deployed 
on a powerful server as wrapper files produced with the MATLAB Compiler. The 
deployed functions are interpreted using a complete set of shared libraries that enable the 
execution of any MATLAB function on computers without MATLAB license (this is the 
MATLAB Compiler Runtime, MCR).    
The server is a RedHat Linux PC equipped with 16 processors and 126 GB of memory. 
Concert is accessible in the server from the client PCs of the operators, using a standard 
internet browser. The web interface, based on Java/JSP language, allows to run the tool 
on selected data and monitor the status of the execution. Several batches can be submitted 
concurrently as a queuing system is implemented. The data reside on an Oracle database 



installed in a smaller 8 processors server, but can be also uploaded from ascii files.  
   

7. Discussion 
 
One of the major steps in the process of checking and correcting data of the Agricultural 
Census of 2011 has concerned the identification of units anomalous arising from the 
comparison between the AGEA and census source with respect to SAT surfaces (Total 
Agricultural Area), SAU (Used Agricultural Area), vineyards and olive groves. Given the 
large amount of data to be treated, it was considered appropriate to use an effective and 
computationally efficient method to detect outliers and classify them according to their 
degree of severity in order to provide subject matter experts with information about the 
order of prioritization of the controls. The outlier detection procedure, which was based 
on the forward search and on a simultaneous confidence level of 99% has enabled us to 
detect about 3% of farms, whose declarations was not in agreement with that contained 
inside AGEA. The control phase has contributed significantly to the improvement of the 
quality both of Census and AGEA data. 
 
     

References  

 
Atkinson A. C., Riani M. (2000), Robust Diagnostic Regression Analysis, Springer, New 

York. 
Atkinson A. C., Riani M. (2006), Distribution theory and simulations for tests of outliers 

in regression, Journal of Computational and Graphical Statistics, 15, 460–476. 
Atkinson A. C., Riani M., Cerioli A. (2004), Exploring Multivariate Data with the 

Forward Search, Springer, New York. 
Atkinson, A. C., Riani, M., Cerioli, A., (2010). The forward search: theory and data 

analysis (with discussion). Journal of the Korean Statistical Society 39, 19 117-134. 
Cerioli A. (2010). Multivariate Outlier Detection With High-Breakdown Estimators. 

Journal of The American Statistical Association, 105, p. 147-156 
García-Escudero, L.A., Gordaliza, A., Mayo-Iscar, A., San Martin, R., (2010). Robust 

clusterwise linear regression through trimming. Computational Statistics and Data 
Analysis 54, 3057-3069. doi:10.1016/j.csda.2009.07.002. 

Maronna, R.A., Martin, D.R., Yohai, V.J., (2006). Robust Statistics: Theory and 
Methods. Wiley, New York. 

Riani, M., Atkinson, A.C. (2007). Fast calibrations of the forward search for testing 
multiple outliers in regression. Advances in Data Analysis and Classification 15 1, 
123-141. 

Riani, M., Atkinson, A.C., Cerioli, A. (2009). Finding an unknown number of 
multivariate outliers. Journal of the Royal Statistical Society Series: B 71, 447-466. 

Riani M., Perrotta D. and Torti F. (2012). FSDA: A MATLAB toolbox for robust 
analysis and interactive data exploration, Chemometrics and Intelligent Laboratory 
Systems, in press doi 10.1016/j.chemolab.2012.03.017 

Rhind D. (ed.) (1983), A Census User’s Handbook. Taylor and Francis, Cambridge, 
United kingdom. 



Rousseeuw P. J., Leroy A.M. (1987), Robust Regression and Outlier Detection, Wiley, 
New York. 

Torti F., Perrotta D., Atkinson A.C. and Riani M. (2012). Benchmark testing of 
algorithms for very robust regression: FS, LMS and LTS, Computational Statistics 
and Data Analysis, 56, 2501-2512.  

 



The Design of the Online Questionnaire of the Italian 
Population Census  

 
Leonardo Tininini1, Antonino Virgillito1  

1Istat – Istituto Nazionale di Statistica, e-mail: {tininini,virgilli}@istat.it   
 

Abstract  
 

The data collection of the 15th Italian Population Census was performed both through 
traditional on-field collection and via a web application that allowed citizens to fill in 
their questionnaire directly online. Data collected through the questionnaire was 
immediately sent to the central database at Istat upon saving. The online questionnaire 
was part of an integrated web system, entirely designed and developed by Istat, that 
included also the Census management system, used by enumerators, operators, 
coordinators, and Istat personnel to manage the various activities, and the online 
documentation systems available for operators. In this paper we focus on the design of 
the online questionnaire and present the innovative design solutions on which it was 
based, including a metadata-driven approach and a sophisticated mechanism to manage 
the flow of responses. Detailed statistics on the usage of the web application are also 
provided and commented.   
 
Keywords: web data collection, question routing, assisted coding 

 
 
1. Introduction   
     

One of the most innovative feature of the 15th Italian Population and Housing Census, 
carried out in 2011-2012, was an integrated web information system, supporting all the 
activities of the collection process. The three main components of this integrated system 
were: (i) the Census management system (SGR), to be used by enumerators, operators, 
coordinators, and Istat personnel to manage the various activities, e.g. household 
assignment to enumerators, monitoring of the collection activity, overview of the main 
data summarizing the progress of the collection process, etc.; (ii) the online 
documentation systems available for operators; and (iii) the web data collection system 
(online questionnaire), mainly used by citizens for providing their Census data and also, 
for a few specific towns, by operators to perform the data entry of (paper) questionnaires 
collected by enumerators.  
 
In this paper we focus on the main features of the web data collection system (QPOP) and 
the innovative solutions on which it was based. Particularly, we illustrate the strong 
integration with the Census management system, the support for multilingual 
compilation, the metadata-driven methodology underlying it, the solutions developed to 
improve the quality of data inserted, such as the questionnaire graph and a sophisticated 
mechanism developed for the assisted coding of textual responses. 
 



QPOP enables Italian citizens to return their questionnaire online. The interface assists 
users in following the correct compilation rules and checking errors before the final 
submission of the questionnaire. QPOP could also be used by Census office operators for 
performing data entry operations. When a questionnaire was completed in QPOP, all 
information provided were immediately available in SGR for further processing and 
checks. The online data collection resulted in significant reduction of the on-field 
activity, with obvious economical and organizational advantages. Furthermore, the 
checks performed on data inserted by users before being saved greatly improved the 
quality of collected data.  
 
The whole system architecture was entirely designed and developed by Istat. This was 
mainly motivated by the required tight integration and co-operation between the online 
questionnaire and the Census management system, a functional co-operation that would 
be practically impossible to implement through the reuse/extension of existing tools for 
survey management and questionnaire compilation. The tight integration between the two 
applications allowed for real-time monitoring of the whole collection process, greatly 
reducing the gap between data collection and further related processing, in particular the 
fundamental process of comparison and re-alignment between Census and Local 
Population Registries (another important innovation introduced in this Census). 
 
At the end of the data collection phase around 8,500,000 questionnaires were returned 
through the online questionnaire application, corresponding to more than 33% of the total 
number of expected questionnaires. The average load in the first two months of Census 
operations was around 115 questionnaires completed per minute, peaking to 500 in 
periods of maximum load. Besides these overall aggregated figures, a detailed tracking of 
user activity was carried out along the whole period of service, from which we derived an 
extensive set of usage statistics that we present and discuss in the paper.  
 
 
2. The Design of the Online Questionnaire 
 
The online Questionnaire of the Italian Population Census (QPOP) is a web application 
made available to citizens, that could use it to fill in their Census questionnaire in a way 
which was perfectly equivalent to fill in the printed form. An authorization code was 
printed in the front page of the paper questionnaire that, together with the respondent’s 
fiscal code, could be used as an authentication credential for accessing the web 
application. The application reproduces all three types of paper questionnaires, namely 
the two questionnaires for households (long and short form) and the questionnaire for 
collective dwellings.  
 
QPOP is seamlessly integrated with the SGR Census management system: once a 
respondent completes a questionnaire in QPOP, the “state” of the questionnaire is 
immediately updated in the central database and visible to operators through SGR. 
Operators could also use QPOP for performing data entry operations, thus updating the 
questionnaire state in SGR, accordingly.  
 



Since the QPOP application was potentially available to the whole Italian population, it 
was of primary importance to carefully design it so that it could scale gracefully to a huge 
number of users, at the same time achieving a high robustness (i.e., no application errors 
presented to the user) and preserving data security despite all the possible security threats. 
Sophisticated technical solutions were adopted in the internal design of the application 
for (a) reducing the load to the database even in presence of a high number of users 
connecting to the application and (b) performing data validation at multiple points in the 
application for guaranteeing consistency of data sent by the user.  
 
In the following we present the main features of the QPOP design. 
 
2.1 Metadata-driven design 
 
One of the main ideas behind the QPOP design is to largely exploit metadata, in order to 
avoid the development of redundant source code for the three questionnaires. Everything 
that appears in the web user interface (including warning and error messages) is stored in 
specific metadata tables and resource files. In particular, the text of each single question 
constituting the questionnaire is stored in a (meta-)database table with the 3 different 
localized (Italian, German and Slovenian) versions. Also the single possible response 
modalities are stored in a (meta-)database table with the 3 different localized versions. 
Changes and corrections to the texts constituting the questionnaires could be (and indeed 
were) made at any moment, even after the final deployment of the application and its 
release to citizens, without affecting the source code of the application. 
 
When the system shows a questionnaire page, it first reads all the metadata related to 
the questions in that page. Metadata for a question includes all the (localized) texts 
and the question types. There are more than 20 different question types in Census 
questionnaire and each question type is associated with a different template. A 
template specifies how a question type should be rendered in terms of HTML and is 
associated with specific application components that implement the corresponding 
data processing. By using templates together with metadata we achieved code 
optimization through massive template reuse and faster response to changes in the 
specifications that occurred along the project. 
 
Texts are not the only part of the QPOP application which are stored as metadata. A 
further fundamental feature of QPOP is that also part of the “behavior” of the application 
was stored in metadata. This is closely related to the concept of “questionnaire graph”, 
which is a fundamental part of the technique used to formally model the structure of the 
questionnaire and the correct set and sequence of questions to be filled in by the 
respondent. The idea of formally describing the information about question routing by 
using (directed) graphs is obviously not new and has been adopted by several other 
systems. However, as far as we know, this is the first time the formal description of the 
questionnaire was extensively used by both client and server side checks as well as to 
visually enable/disable the compilation of each question. The questionnaire graph is 
presented in Section 3. 
 



 
2.2 The search engine for assisted coding of open (textual) questions 
 
One of the requirements for QPOP was to support the respondent in the semi-
automated coding of the question on highest educational qualification, which refers to 
a classification dictionary constituted by more than 6,000 distinct items. In the paper 
questionnaire this is an “open” question, i.e. the respondent has to write a free text 
describing her/his highest educational qualification, and the coding of this textual 
answer is deferred to the OCR-based data capture phase, where unmatched cases  
(texts not matching any of the dictionary items) are resolved by human intervention. 
 
Instead, it was required that QPOP would provide an already coded title (in other 
words QPOP could not store a free text to be coded later, either manually or semi-
automatically). A selection based on a dropdown list was obviously unfeasible, due to 
the large number of possible items. As a consequence, the respondent had to be guided 
to self-encode her/his educational qualification, starting from its (possibly imprecise) 
textual description. To this aim a specialized search engine was implemented, totally 
integrated in the online questionnaire user interface, and using a sophisticated 
mechanism, based on dictionary pre-processing, similarity string comparison and 
automatic ranking of results. 
 
 
2.3 Software Robustness, Scalability and Data Quality  
 
QPOP is a web application implemented through Java2 Enterprise Edition platform 
and organized in a 5-layer architecture following the Model-View-Controller design 
pattern. The implementation exploits three widespread open source frameworks, 
namely Struts2, Spring and Hibernate. The heavy use of frameworks had a 
significantly positive impact, producing cleaner code that was easy to write, test and 
maintain, resulting in a more robust application.  
 
Scalability, i.e. the ability of a software to maintain its expected degree of 
performance in face of high workload, is a primary characteristics for web 
applications, especially those targeted to a significant number of concurrent users such 
as QPOP. Scalability not only concerns the correct tuning of hardware characteristics 
of the servers on which the application and the database run on, but must also be 
addressed at every phase of the software design and development. A bad design can 
have a negative impact on scalability regardless of the hardware, through an incorrect 
usage of resources and the introduction of bottlenecks. Hence, QPOP design was 
conceived with scalability in mind and includes several specific features for enforcing 
this characteristic. For example, all the metadata for the three questionnaires, 
including the questions and the questionnaire graph, is loaded into main memory upon 
application startup. The dictionaries used in some questions (list of provinces and 
municipalities, foreign countries and highest educational qualification) are also 
loaded. All this cached metadata is used when presenting pages to users and this 



largely limits the access to the database during user interaction, a fundamental design 
principle to achieve high scalability. 
 
As for preserving quality of data, quality checks are applied when user saves data on a 
page. The idea is to allow saving data in the database only if it is satisfies all the 
quality constraints. The save operation largely exploits the features of the Struts2 and 
Hibernate frameworks, together with Java Reflection. Form data sent through HTTP is 
saved automatically by Struts2 in a server-side Java object (bean). Then, the Hibernate 
framework is responsible for mapping the bean to a database table, automatically 
writing the SQL queries for inserting/updating data. The Spring framework is used to 
manage the code needed for transaction management. The heavy use of frameworks 
had a significantly positive impact, producing cleaner code that was easy to write, test 
and maintain, resulting in a more robust application. 
 
Before actually saving the data all the quality checks are repeated on the server. This 
step is essential for security reasons, because a malicious user could easily bypass the 
checks on the page by altering the data sent through the HTTP request. This could lead 
either to inconsistent data being sent to the server or even to security threats (e.g. 
injection of malicious SQL code that could reveal sensitive data from the database).  
 
 
3. The Questionnaire Graph 
 
As already mentioned above, an important feature of QPOP is that also part of the 
“behavior” of the application was stored as metadata. This is closely related to the 
concept of “questionnaire graph”, which is a fundamental part of the technique, used to 
formally model the structure of the questionnaire and the correct set and sequence of 
questions to be filled in by respondents. The idea of formally describing the information 
about question routing by using (directed) graphs is obviously not new and has been 
adopted by several other systems. However, as there are several possible variations to the 
basic idea, we will describe the specific technique used in our project and how the formal 
description of the questionnaire graph has been exploited very efficiently in the QPOP 
application.  
 
A Questionnaire Graph (QG) in QPOP is a Directed Acyclic Graph (DAG), such that:  

a) Nodes are in 1-1 correspondence with each questionnaire fragment (mainly 
questions, but also sections, instructions, as well as other modeling components 
that do not have a visible counterpart in the user interface);  

b) A (directed) labeled edge from node (question) Ni to node (question) Nj 
corresponds to the fact that the user has to respond to question Nj after having 
given a response to node Ni. if the condition expressed on the edge label is true. In 
general there may be more than one edge, each with a different label, exiting from 
the same node Ni 

c) The edge labels represent question routing (e.g. “If you have answered Yes to 
question X, then go to question Y, otherwise proceed”). The conditions on the 
edges exiting from any given node Ni have to be mutually exclusive (and one 



needs to be true) to univocally determine which is the actual “next” question after 
Ni. 

 
In order to simplify their evaluation and usage on both client and server side, conditions 
on the QG edges have a fairly simple syntax constituted by a tuple of values. More 
complex conditions can be obtained by combining (in AND and OR) these elementary 
conditions. The most elementary condition is constituted by a pair (X,n), where X is a 
(closed) question ID and n an integer value. This is interpreted as follows “Is the answer 
(item number) given to question X equal to n?”. 
 
If the condition has the form (X,n1,n2) the meaning is “Is the answer given to question X 
a value between n1 and n2?”. Depending on the type of question X, this may correspond 
to a range of values (integers, dates, etc.) or, in the case of closed questions, to a subset of 
the (finite) possible choices associated with it.  
 
Most complex conditions enable the questionnaire modeler to express conditions like 
“Are there at least(/at most) n checked cells in the rectangular interval (4, 6) on rows and 
(2, 5) on columns?”. In practice this enables the modeler to express existential and 
universal quantification on the options checked by the user and to use the corresponding 
conditions to route the question compilation. Figure 2 shows an excerpt of the Census 
questionnaire and the corresponding fragment of QG. 
 

 
 
Figure 2: an excerpt of the Census questionnaire and the corresponding QG fragment 
 
The collection of all data about nodes (questionnaire components, in particular questions) 
and edges (transitions from one question to another, with related labels/conditions) is 
stored in the QPOP (meta-)database and used by the application (both on client and 
server side) to visually enable and disable questions on the web page and to validate the 
user’s input before saving the user’s answers in the microdata tables. The algorithm used 
on both client and server side is basically the same and corresponds to compute the 



“state” of each node in the GQ, depending on the structure of the graph and on the 
answers already given by the respondent.  
 
During the compilation each node can be in one of the following states:  

a) already filled in by the user;  
b) unreachable by the compilation, according to the structure of the GQ and the 

answers given so far by the respondent;  
c) potentially (but not necessarily) reachable by the compilation, according to the 

structure of the GQ and the answers given so far by the respondent;  
d) necessarily to be reached by the compilation, independently of the answers still to 

be given. 
 
The basic assumption underlying the client-side behavior of QPOP is that only questions 
in state (a) or (d) have to be made enabled by the user interface. Similarly, on the server 
side, only the data corresponding to questions in state (a) or (d) has to be permanently 
stored in the microdata DB tables. Figure 3 shows the states of the 4 nodes (questions) of 
Figure 2: (A) at the beginning of the compilation; (B) after the first item has been 
selected as the answer to question 2.1; or (C) after the third item has been selected as the 
answer to question 2.1. Note that in both cases (A) and (B) the questions 2.2 and 2.3 will 
be disabled in the user interface. In case (B) these questions are incompatible with the 
answer already given, while in case (A) they may produce incompatibilities, if an answer 
is given to either question 2.2 or 2.3 and the answer to question 2.1 is 1. 
 

 
 
Figure 3: the update of GQ node states, depending on the answers given  
 
Each time the user inserts a new answers or updates a previous one, the state of all nodes 
has to be updated. As a consequence the algorithm to recompute the node states needs to 



be extremely efficient, as it may be executed many times on web clients (PCs + browsers) 
with unknown, possibly low, performances, during the questionnaire compilation. 
Furthermore, no assumption can be made on the quality of the network connection 
between client and server and this makes all solutions based on the continuous interaction 
between client and server (e.g. the Ajax-based ones) totally unfeasible. 
 
The implemented solution is based on the caching (on both client and server side) of all 
metadata describing the structure of the GQ. In other words, although the GQ structure is 
stored in the meta-DB, that DB is only accessed once at the start of the application and 
the retrieved data cached in main memory to avoid further unnecessary and inefficient 
accesses. Similarly the GQ structure is passed to the client together with the HTML page 
and used repeatedly by a local routine to perform the update of the question states.  
 
The algorithm for node state update has a very low complexity: thanks to the 
acyclicity property of the GQ the whole update can be performed by analyzing each 
edge of the graph only once, i.e. in linear time. Very briefly, the idea underlying the 
algorithm is that, given the answers already provided by the user, a question has to be 
enabled for compilation, if the user will necessarily reach it, independently of the 
responses still to be given. On the contrary, a question has to be disabled if she/he will 
certainly not reach it or there is at least one sequence of responses (for the questions 
still to be given) that will prevent her/him from reaching that question. 
 
 
4. The Online Questionnaire Usage Statistics 
 
As already mentioned in the Introduction, around 8,500,000 questionnaires were filled in 
through the online questionnaire application, corresponding to more than 33% of the total 
number of returned questionnaires. Figure 4 illustrates the usage percentages for the 4 
possible means of returning the Census questionnaire. 
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Figure 4: usage percentages for the possible means of returning the Census questionnaire 
 
The distribution of online questionnaire completion in the first 10 weeks is shown in 
Figure 5. As expected, the maximum load was measured during the first week, in 



particular the very first day in the morning, during which up to 500 questionnaires per 
minute were completed (as well as up to 20,000 “partial saves” per minute). 
Fairly surprisingly, we measured also a considerable activity peak during the sixth week. 
The reasons for this abnormal activity may be motivated by: (1) a general 
misinterpretation of a date mentioned in the first page of the Census form for the toll-free 
telephone number in support of the respondents, and/or (2) the starting date for the 
enumerators’ activity, that some citizens may have erroneously related with the deadline 
for online compilation.  
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Figure 5: number of completed online questionnaires in the first 10 weeks 
 
Figure 6 illustrates the overall hourly distribution of online questionnaire completion. The 
same hourly distribution was observed in almost any day during the Census operations 
with two similar peaks in the mid-hours of the morning and afternoon and values close to 
one half of the peaks during lunch time and late evening. 
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Figure 6: overall hourly distribution of online questionnaire completion 
 



4. Conclusions and Future Work 
In this paper we presented the main design features of the web application implementing 
the online questionnaire of the 15th Italian Population Census. The high number of 
received questionnaires and the general stability of the services offered to users 
throughout the whole Census period proved the validity of the presented concepts. The 
software design was reused and improved in the context of the Industry and Services 
Census, held from September 2012 to January 2013. Three different questionnaires were 
implemented, featuring a high complexity in terms of different question types and types 
of checks and conditions on the answers. At the time of writing, more than 590,000 
questionnaires were returned through the online platform, the 70% of which were filled in 
by end users. As for future work, the usage of the questionnaire platform is planned for 
the forthcoming rolling Censuses. Further refinements of the design are expected in the 
direction of providing statistical users with a graphical user interface for easily designing 
the questionnaire through the definition of the metadata.  
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Abstract  
What is Variable editor? 
The ICT-strategy of Statistics Finland (updated in 2011) gives guidelines for developing 
metadata systems concerning both the content and the technology. Variable Editor is the 
first metadata application using the data model and technology according the strategy.  
Variable editor is an application for managing the metadata of data and variables, which 
are stored in an xml-database (eXist). The first version was created in 2010 and in April 
2011, a project was established to coordinate the education and usage of the application.  
The project will end at the end of this year (2012) and after that, the work will continue in 
the Metadata service unit. 
Standardisation of metadata 
In designing the content of the metadata elements according to the CoSSI (Common 
Structure for Statistical Information) data model, it soon came obvious, that a lot of 
standardisation was needed. The more free text elements the application provides the 
more flexible the metadata element descriptions are. So standards were used whenever it 
was possible. 
Controlling quality of metadata 
The question of quality also became an important issue. The data and variable metadata 
descriptions have to follow a certain quality level so that they can then be further used for 
various purposes. In quality issues, the quality regulations of ESQRS are applied 
alongside with other quality frameworks. 
Integration of metadata systems 
Interaction and integration with other metadata systems at Statistics Finland followed the 
principle that information should be stored and maintained only once in one system from 
where it can then be copied elsewhere. Links were built in the Variable editor application  
to metadata databases like classifications, concepts, personal register, etc.   
 
The European Statistical System (ESS) gives guidelines for managing and exchanging 
metadata. Although the metadata model used at Statistics Finland is our own CoSSI 
model and all our metadata systems follow it, we are prepared to exchange all metadata 
according ESMS or ESQRS using the SDMX data exchange concept. One way of doing 
this is using converters when making reports from the metadata database using Variable 
Editor.     
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1. What is Variable Editor? 

 
The ICT-strategy was published in 2008 and updated in 2011. The strategy gave the 
policy guidelines and basis for developing metadata systems in future. There were two 
main policy issues which had to be fulfilled. The first was that the metadata model 
CoSSI-model should be used as a data model and secondly the metadata will be stored in 
an xml-database in the technical solution.  
 
The CoSSI-data model is developed in Statistics Finland. It contains the data model for 
all metadata from publications to a single variable. When making the CoSSI-model 
existing metadata standards where applied broadly. The metadata model used at Statistics 
Finland cannot be separate. The conversions between our model and other standard 
metadata models must be possible. The CoSSI metadata model is a hierarchical and 
modular data model. The docmeta modul is almost the same for all metadata. The 
modularity helps when there are pressures to update or insert new metadata elements to 
the model.  
 

 
 
Figure 1. The CoSSI metadata model for statistical data and variables. 



The current recommendation for metadata databases is an xml-database. The eXist-xml 
database is used at Statistics Finland. Today all published metadata is in xml-format. 
According to the ICT-strategy all current metadata systems, classifications, definitions 
and data and variable metadata will be maintained in an xml-database in coming years.  
 
The Variable Editor application was made by MicroSoft.net. The application was ready 
in 2010. The implementation of Variable Editor was organised in a project, which lasted 
from April 2011 until the end of 2012. As a result of the implementation project about 
190 statisticians were educated and today the meta database consists of about 700 
metadata descriptions of data and its variables.  
 
 
2. Using standards in Variable Editor 

 
As a principle standards were always used in metadata elements when possible. 
Standards were usually in lists from where the user could choose the right item. 
In document metadata such standard lists are available for: 
- subject field and division 
- maintenance  
- keywords 
- creator and contributor 
In statistical meta-data lists are available for: 
- concepts  
- classifications 
- measurement units 
These lists are all maintained centrally. 
 
The free text metadata elements are accurately instructed in the user guide. The 
instructions are based on a common agreement of the content of these instructions. There 
are still some metadata elements that are to be standardised in near future. These are 
statistical unit, population and data source. 
 
The technical information of the variables is automatically transferred from the data file. 
The format and information vary according to the format of the database. For instance in 
SQL Server table it is crucial to know the key variables and indexed variables. The most 
common formats used today are SAS, SQL Server, PcAxis and various text formats.   
 
 
3. Quality control in metadata database  
 
The importance of quality issues has risen when developing the harmonisation and 
integration of different databases. Efforts are made to create understanding between 
national databases when they are combined into common databases. The information 
used in comparing the data is metadata. Metadata can be used only if it reaches good 
quality standards.  



In case of the Variable Editor, good quality is seen as a necessity. Before using a 
centralised metadata system, statistics had their own metadata, usually stored in word- or 
excel-documents, which were maintained and used only by statisticians dealing with their 
specific subject field. Today, Variable Editor and it’-s metadata database are available to 
all, at least in reading mode. The effectiveness of the common metadata database also lies 
in the fact that certain statistics are responsible for defining certain metadata. For 
instance, population statistics determines the metadata of population phenomena. This 
also means that the correct basic definitions are found in the metadata of the “mother-
statistics”. The principle is that the correct metadata is stored and maintained only once, 
from where it can then be copied for various purposes, for instance in commissions. 
 
The use of Variable Editor is promoted through standards and good guidelines, but this is 
not enough. The quality of the data and variable descriptions must be guaranteed also by 
inspections. These are carried out by using a quality matrix and producing quality reports. 
The quality matrix is used to see the quality of a single description. The matrix is filled 
out by the inspector, and it contains several checking points like the following: 
- is the name of the description made using the instructions 
- are all the mandatory elements described 
- for free text elements, are the descriptions made as instructed 
  
The reports are regurlarly produced from the metadata database. They produce 
information on statistics in the metadata database, important elements lacking 
information and logical errors. The reports are fixed and can be added when needed. 
Systematic inspection is crucial for maintaining the quality of the system. 
 
In the near future we will implement the Eurostat Code of Practice to the quality 
checking of the metadata database.  
 
 
4. Integrating metadata systems  
 
Variable Editor is the first metadata system made according to the new policy guidelines. 
In few years time, the rest of the metadata systems are going to follow the same concept. 
However, the integration of metadata systems is important and the Variable Editor 
solution uses other metadata databases whenever possible. The figure below shows the 
metadata systems that have been integrated to the Variable Editor metadata application. 
 



 
Figure 2. Data and variable metadata database and the integrated common metadata 
databases. 
 
 
5. Metadata in statistical processes 
 
Creating a common metadata database for data and variables was a crucial target in 
modernising the metadata databases. Another major target was integrating metadata into 
statistical processes from data collecting to data dissemination and archiving data. 
Metadata has been used in various ways in statistical processes. This has mainly been 
done differently in different statistical systems, sometimes common practices have been 
used, but usually different solutions have been used in different statistical systems. 
 
Today Statistics Finland applies the Generic Statistical Business Process Model  
(GSBPM) in process management. Our goal is to make the xml-metadata database a 
common source for statistical processes at each process level. It is also important that the 
solutions which are made, can be commonly used. There is no point in using separate 
integration methods for different statistical systems.  
 
This task is not realised quickly. The starting point is usually a real need to modernise a 
statistical system. In the modernising project both the IT-experts and metadata experts 
work together with statisticians. The processes of the data collection and data 
dissemination have been prioritised at the start of the project. In the coming years, this 
work will continue and it will result in statistical processes, which use metadata databases 
effectively in every phase. 
 



 
Figure 3. Statistical processes (The Generic Statistical Business Process Model) and the 
need for metadata in each process phase. 
 
 
6. The impact of European standards ESS and SIMS on the national 
metadata system 
 
The European metadata standard ESMS (European Standard for Metadata System) and 
it’-s extension SIMS (Single Integrated Metadata Structure) are used in Eurostat.  - 
Eurostat also offers it’-s own metadata application for storing metadata (National 
Reference Metadata Editor, NRME). The Finnish metadata model consists almost the  
same of the elements as SIMS, but not fully. 
 
A challenge for integrating the European and national metadata systems is to build good 
converters between them. The policy guideline at Statistics Finland is to firstly use the 
national metadata system Variable Editor and secondly other outside metadata systems. 
The European and the national metadata systems are both stored in xml-databases. The 
converters have been made using SDMX concept for Eurostat’-s ESMS and ESQRS meta 
data standards. 
 
The European standards also define quality issues in producing data and metadata. The 
Code of Practice will be applied at the national level in 2013. The indicators of each 
principle in the Code Practice have been translated and estimated. The next step is to 
operationalise them further to suitable quality indicators. 
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Abstract 
 
Data about individuals and organisations are routinely collected across the Member States of Europe, 
through surveys, administrative and financial transactions. Yet access to these micro-data for 
research purposes, particularly across national borders, is often restricted for confidentiality or legal 
reasons. Despite the benefits that accrue to society from allowing comparative research to be 
undertaken using cross-national data sources (such as policy evaluation), researchers face significant 
barriers in making comparative analyses of data collected in more than one Member State. Legal 
restrictions on the dissemination and transfer of data, and the consequential cost of visiting the data 
within its country of origin, prohibit access. 
 We present a new initiative to build a European Remote Access Network, as part of the Data 
without Boundaries programme, which arguably represents one of the greatest efforts of recent years 
to allow researchers from across the European Union to access data collected in more than one 
country. 
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1.0 Introduction 
 
Data about individuals and organisations are collected throughout the Member States of Europe (by 
for example, National Statistics Institutes, Research Institutes) for a variety of purposes. These 
include the production of aggregate population and economic statistics, such as unemployment 
measures, but also for a number of administrative purposes too (for example, to calculate state-
provided benefits such as retirement or unemployment payments). Yet considerable demand also 
exists from the research community, for accessing such data for research purposes, for which micro-
data are required. 



 

 

Some data sources are readily available to researchers, often by internet download.  These 
data are heavily perturbed (for example removing variables, top-coding and aggregation) to protect 
the confidentiality of subjects within the data (for example, individuals and organisations). Access to 
detailed, confidential non-perturbed data have previously been restricted, due to the potential risk of 
identifying the subjects.  Indeed, access to such data within Member States has often been onerous, 
despite the considerable research-utility gain, and increased research potential) from accessing these 
more detailed data.  

In recent years, not only has access to confidential data improved within countries, but 
exciting developments are afoot in terms of international data access.  The Data without Boundaries 
project1, involving Data Archives, National Statistics Institutes and Universities from around the 
European Union, will soon publish recommendations for cross-border data access.  The Institute of 
Employment Research in Germany (IAB) has now established an access point at the University of 
Michigan enabling researchers in the US to access detailed confidential German micro-data (Bender 
and Heining 2011).  

Without such initiatives, access to cross-country detailed and confidential data will remain 
constrained, forcing researchers to visit (in person) a Research Data Centre2 (RDC(often referred to 
as a ‘secure enclave’, an RDC is a centre where researchers can access detailed confidential micro-
data, which are never removed from the RDC, but researchers can undertake statistical analyses of 
the data) within each country, pertaining to the data they require.  For example, a researcher wishing 
to compare the effects of trade unions on productivity in UK and Germany would need to visit the 
UK to access the UK data, and then visit Germany to access the German data. 
 In this paper, we shall outline the scope of the European Union Remote Access Network 
(EU-RAN), established by the Data without Borders project to provide a solution that enables access 
to detailed confidential data from around the EU, to researchers in their country of residence, thus 
eliminating the need for costly and time consuming travel. 
 
 
2. Assessing the demand for data collected throughout Europe 
 
In this section, we briefly summarise some of the reasons why access to data from more than one 
country is desirable, and consequently demanded from researchers.  Where data are collected by 
official agencies (e.g. Government, National Statistics Institutes) the quality-assurance processes 
embedded in data collection methods satisfy the demand from the research community for robust 
data.  In addition, data collected by these means usually provide large sample sizes (a particular 
feature of data collected through transaction and administrative processes such as taxation). 

But regardless of how the data are collected (whether by official agencies or Research 
Institutes/Universities), we cannot understate the desire of researchers to compare the different 
institutions, markets and policy implementations across the different Member States of the European 
Union, and how the outcomes of individuals and organisations differ with respect to these different 
environments. We believe that more comparative research would be undertaken more often if 
detailed micro-data from the different Member States were more easily available. In the current 
economic climate for example, comparing the effect of unemployment insurance on the employment 
outcomes of the UK and German workforces necessarily requires comparative labour market data 
from both countries. 

                                                        
1 For more information visit www.dwbproject.org 
2 often referred to as a ‘secure enclave’, an RDC is a centre where researchers can access detailed confidential micro-
data, which are never removed from the RDC, but researchers can undertake statistical analyses of the data. 



 

 

In addition, where small-scale survey data are collected by each Member State, researchers 
could capitalise on the larger sample sizes that may be obtained by pooling observations from 
different countries.  Data on business organisations that operate across the European Union, currently 
fragmented only by access but not necessarily by sampling frame3, could even be combined:  a 
researcher could, for example, potentially compare the productivity of UK and German 
manufacturing plants that belong to the same company (e.g. Siemens). 
 Finally, data collectors/producers can take advantage of a potentially free source of statistical 
validation and quality assurance: when researchers analyse data collected by throughout the Member 
States, they will easily spot sources of varying quality (particularly in terms of documentation, 
metadata, and often the robustness of the data themselves).  Data collectors/producers can exploit 
this knowledge to improve collection methods, and enhance the quality of aggregate statistics that 
they are duty-bound to produce. 
 For these reasons, access to sources of detailed confidential micro-data collected throughout 
the European Union is a prize highly sought after.  The potential for pan-European research, and the 
implications to test an array of public policies, is enormous. 
 
 
3. Distributing Access to Data, not Data 
 
Before the advent of secure network technology (providing secure access as we describe below) data 
could only be transferred to the researcher.  Yet one of the major barriers to accessing detailed 
micro-data throughout the EU is the legal imposition that data cannot be transferred among Member 
States. Researchers are therefore forced to travel to the destination country where the data reside.  
However, researchers have many demands on their time.  Even without departmental and teaching 
duties, family commitments couple and the expense of travelling, dissuade all but the most 
determined (and most well-funded) researcher from accessing data from other Member States. 
 A similar situation confronts researchers even within their own country – access to the most 
detailed data may only be accessible by travelling to an onsite RDC (for example, a ‘safe centre’ 
consisting of a lockable room where researchers can undertake their research).  Even within small 
countries such as the UK, such travelling places a burden of constraint on the researcher. 
 However, recent advances in secure network technology have the potential to ease this 
problem considerably.  Two methods of access now provide much better access to detailed micro-
data.  These are known as ‘Remote Execution’ and ‘Remote Access’.  The former involves the use of 
‘remote job submission’, whereby a researcher may prepare statistical programming syntax and send 
to the centre where the data are kept (which may or may not be the data collector/producer).  Staff at 
the centre then execute the syntax using the micro-data, and results are sent to the researcher, 
providing they pass a statistical disclosure control check to ensure the results cannot reveal the 
identity of any of the data subjects. 
 ‘Remote Access’ on the other hand, employs secure Virtual Private Network (VPN) 
technology to provide direct access to the data to the researcher from their own institution office (or 
home). While data are stored on a secure server at the RDC (and never leave), researchers use the 
VPN technology to securely log into the server, where they can see an ‘image’ of the data with 
which to work.  All statistical analyses are performed on the server, and when the researcher is 
ready, results will be returned to the researcher (subject to passing a statistical disclosure control 
check).  The VPN essentially provides an encrypted ‘tunnel’ by which the researcher accesses the 

                                                        
3 Eurostat regulations ensure that data about business organisations are consistently collected throughout the 

Member States 



 

 

secure server.  Any security break that occurs within this tunnel immediately results in a ‘scrambled’ 
set of images that are impossible for an intruder to piece together again.  
 In the UK, a remote access solution is provided to researchers by the UK Data Archive.  
Known as the Secure Data Service it currently provides access to detailed and confidential economic 
and social micro-data to some three hundred researchers across the UK.  And as previously 
mentioned, the IAB in Germany provides access to German data to American researchers.  Remote 
access solutions such as these prove that it is possible, with collaborative efforts of the countries 
involved, to overcome the legal barriers of moving data. 
 
 
4. Principles for Access to European Data 
 
Since we cannot anticipate future changes to the technological and legal environments, we advocate 
that European data access is founded upon a set of principles (following Ritchie 2005), which are 
designed to satisfy data collectors/producers and the researchers who wish to access the micro-data.  
Providing these principles are met, future technological solutions can be implemented, in whatever 
form they take (which may differ to the solutions we propose below).  We set out these principles as 
follows: 
 

1. Access must be distributed (it may not be possible or desirable to physically move data 
between Member States.  But providing access is still possible, this should not matter). 

2. Access should come from a single point (researchers should be able to access all available 
data from a single point, rather than accessing multiple sources of data from multiple points 
which is time consuming and costly) 

3. Access must be secure (the connection between the researchers accessing the data, and the 
location of the data, should be secure). 

4. Access must be compatible (the access infrastructure that researchers are provided with 
should be compatible with technological systems used by researchers and data providers 
alike). 

5. Researchers must be able to work collaboratively 
 
We feel strongly that the last principle should be met, for we envisage that researchers from different 
Member States will work together on the same research project. 
 
 
5. European Remote Access Network (EU-RAN) 
 
As well as the examples of the UK Data Service and IAB in Germany, there exist RDCs that provide 
access to detailed confidential micro-data in the Netherlands, France, Sweden and Denmark, to name 
but a few Member States4. 

The Data without Boundaries (DwB) project announced work to create a European Remote 
Access Network (EU-RAN). The aim of EU-RAN is to allow researchers based in one Member State 
to access detailed confidential data from other Member States, without the need to travel to those 
Member States.  This section provides more information about how EU-RAN will work, and broadly 
describes its key features. 

                                                        
4 See also Data without Boundaries deliverable 4.1: Report on the state of the art of current SC in Europe. 

http://www.dwbproject.org/about/public_deliveraples/d4_1_current_sc_in_europe_report_full.pdf 



 

 

As the name suggests, EU-RAN will be based upon Remote Access.  This decision may be 
explained by the disadvantages of Remote Execution: a large staff is required to execute the 
statistical programming syntax submitted by the researcher; provision of assistance to researchers in 
the event that statistical programming syntax does not execute; and the costly preparation of 
synthetic or ‘fake’ data to enable the researcher to accurately programme their syntax.  Remote 
Access, by contrast, simply requires that a researcher can install the required VPN software on their 
computer. This enables them to access the data via VPN and undertake their analysis on the server. 

In addition to improved access to detailed data from different Member States, benefits of the 
network also include the harmonization of metadata production and support for researchers (such as 
providing information about how to apply for access and documentation about the data 
themselves).  These are useful but necessary by-products of a European access network, for it is far 
from ideal to harmonize access and not the supportive functions that enhance access for the 
researcher. 

Many of the Member States already have at least one RDC providing access to detailed 
confidential data.  The EU-RAN can build on this existing infrastructure.  When a researcher visits 
their local RDC they would be presented by a choice of data from different Member States. This 
architecture is illustrated in Figure 1 below: 
 

FIGURE 1 HERE 
 
Suppose we have three Member States (data providers A, B and C).  The data would always remain 
within the Member States, to comply with legal requirements.  A researcher, in principle, located 
anywhere within the European Union, would be able to access the data by a number of methods.  In 
the figure above, these are specifically from a Safe Centre, from their Institution, or even from 
anywhere (in Denmark, for example, there is no restriction as to the location of where the researcher 
accesses data). We now describe the key components of EU-RAN, which are illustrated in Figure 1. 
 
Access Points for Distribution 
 
From a technical perspective, working with data from many sources across the EU remotely is only 
limited by the possibility of using a device that provides access to a network, usually the internet.  
However, access nodes (the physical location where a researcher may access data), are often more 
narrowly defined by legal restrictions and the enforcement of data protection principles according to 
one or more Member State.  For example, in the UK, statistical legislation prohibits access to data 
only for government staff and ‘Approved Researchers’ (a legal entity created which describes some 
trustworthy person who has been approved to access data collected under the legislation).  Therefore, 
one cannot access such detailed data using a laptop in a café where many non-approved individuals 
are located close by (although this is a possibility when accessing Danish data). The access nodes for 
the EU-RAN must be agreed by participating Member States.  In time, it might be possible for more 
broader definitions of an access node to apply – such as in the case of Denmark. 
 To begin with, access nodes for the purpose of the EU-RAN have been narrowly defined as 
an onsite room located within the premises of an RDC.  This is a special secured room, known as a 
‘Safe Centre’.  These facilities can best be characterised as rooms with robust physical and technical 
security (for example, access is restricted to registered users who have been granted swipe-card 
access to the room, use of video surveillance to monitor researchers, and the use of so-called ‘thin-
clients’ (computer terminals that cannot connect to anything other than the server containing the 
data).  
 The principle here is that access is now distributed, the data only remain in the country from 
where they are collected, but the researcher can access data from all Member States from their home 
country, rather than travelling to each country.  This is essentially an exercise in minimising the 



 

 

movement of the data, while maximising access to the data, subject to legal, organisational and 
technical constraints.  The EU-RAN solves this problem for the given set of constraints until further 
agreement among Member States is such that access can be distributed further.  We hope that the 
future access landscape will be more flexible, ‘disaggregating’ access to the point where researchers 
can access the data from a location convenient to them. 
 
Single Point of Access 
 
A major design aspect of EU-RAN is that researchers should be able to access the detailed European 
data through a single point (an access point). A researcher can be provided with a single computing 
account, which after logging into, provides them with access to detailed micro-data from each 
Member State.  They do not require multiple computer accounts to access the different sources of 
micro-data. This is one of the principles of European data access, and is established here because the 
researcher may wish to undertake: 
 

• comparative analysis using sources of the same data from different Member States 
• where permitted, combining data from different sources of data 

 
Whether the principle of single access is achieved via a Safe Room or a more distributed access 
method (e.g. from the researcher’s own institution), is not important. However, the single point of 
access must authenticate the researcher, and provide a functional and familiar computing 
environment with which the researcher can undertake their analyses.  The design of the single access 
point may be based at first on a web portal – but as technology evolves, this may change, fulfilling 
access through a single point. 
 
Secure Connection  
 
A third principle of establishing an EU-RAN is that the connection to the data must be secure.  As 
above, it would be wise to take account of evolving technologies.  But the connection must be secure 
while the data are deemed confidential. 

Implementing this in practice can be achieved by using encryption techniques and secure 
Virtual Private Network (VPN) technology.  This essentially provides a secure encrypted connection 
between the user (at the access node) and the computer server which stores the data.  Such 
technology is widely used by the banking and military sectors which rely on confidential up-to-the-
second data. 

In addition to meeting the secure connection principle, a compatibility principle must ensue, 
whereby the connection interface (the point at which a researcher logs into an account) is compatible 
with all suppliers of the data and users of the data:  otherwise it will be impossible to join up the 
network with the various data suppliers, and researchers themselves will not be able to use the 
interface.  If further distribution of access were allowed at the users’ institution level (e.g. 
university), then the interface must also be compatible. 
 
Data Storage 
 
The extent to which data can be stored outside of the Member State in which they are collected 
depends upon national legislation.  Typically, national legislation prevents the distribution of 
confidential data outside of national boundaries.  Our final principle therefore is that data do not 
travel.  But this is not necessary:  modern technology allows access to data without the need for data 
to be physically moved. Data can be accessed using existing storage facilities that are currently 
provided by the RDCs of the Member States.  Using the model of a single point of access, the 



 

 

researcher simply authenticates themselves when logging into through their access point, and will 
securely access storage facilities at the various RDCs of the Member States. 
 
Micro-data Computation Centre 
 
The EU-RAN provides access to the data storage systems of different RDCs, where researchers can 
save their work. The network can be complemented by an extra facility: the Microdata Computation 
Centre (MiCoCe). As an add-on to the network it offers further options for transnational comparative 
research. It provides storage space, statistical software and above all computational power in order to 
bring together data from different countries for comparative analyses in a secure IT environment. 

The centre could be located at a given computation centre in Europe, or might take the form 
of a new computation centre.  It could even be a ‘cloud’-based solution that is connected to the EU-
RAN.  
 Although infrastructure already exists (i.e. the existing RDCs throughout the Member States), 
there are advantages that MiCoCe bring to the EU-RAN.  First, as mentioned previously, data cannot 
be transferred from one Member State to another.  So a researcher who accesses data from, for 
example, two different Member States, and needs to save their work, requires a location independent 
of the two Member States.  The MiCoCe can deliver this location.  This is particularly important for 
comparative analysis:  data will need to be accessed from more than one Member State, in order to 
compare outcomes or pool data (see Section 2 above).  A location to save this work, independent of 
the Member States, is desirable to satisfy the constraint that data cannot cross national boundaries. 
Considering future technical developments, MiCoCe could be the basis for computations that do not 
need the dataset to be transferred physically. With this technology, only small parts of the data are 
moved into the working memory of MiCoCe, and are deleted immediately afterwards, again 
satisfying current legal restrictions regarding the movement of data across national boundaries5. 

Furthermore, the MiCoCe could also function as a storage and computation centre for new 
RDCs that do not want to invest or do not have the resources to build the whole infrastructure by 
themselves. If legally possible these RDCs can use the capabilities of MiCoCe. 
 
Virtual Research Environment  
 
We understand that access to data by itself is not a means to an end, and that in order for researchers 
to undertake scientific enquiries of the data, they require tools in which to do so.  These are 
encompassed within a ‘Virtual Research Environment’: a workspace provided to each researcher 
who accesses the EU-RAN. 
 A basic requirement is a workspace which includes analytical software and applications to 
generate, prepare and present results.  However, we believe that a EU-RAN must be built with 
collaboration in mind:  we anticipate that researchers from different Member States will work 
together on projects. A ‘collaboratory’ must be available, similar to that which will be available in 
the Secure Data Service, which allows researchers working on the same project to securely share and 
discuss results. IAB is also involved in project developing such an environment.6 This again is 
subject to evolving technology.  At a basic level, a shared project area, accessible only by a group of 
researchers working on the same project, should be available.  But more advanced solutions, 
including instant messaging to allow real-time communication between researchers, would aid 
research productivity and are therefore highly desirable. 

                                                        
5 Such developments emerge from the area of Grid-Computing. 
6 For more information see: http://www.soeb.de/en/soeb-3-virtual/conceptual-phase/ 



 

 

 The availability of tools such as MethodBox7, allowing researchers to access documentation 
and metadata pertaining to data sources, and the ability to comment and discuss data issues, would 
also prove invaluable resources.  Not only would this foster understanding of the data, but the data 
producers can view community discussions about their data with a view to improving data collection 
and preparation methods for the future.  In addition, the burden of research support for the data 
producers and RDCs will surely be minimised if researchers can support each other through online 
forums, for example. 
 This provides but a flavour of the Virtual Research Environment.  As technology develops, 
future devices for enhancing the working and support environment ought to be provided (indeed it is 
likely that researchers will drive the demand for collaborative tools). 
 
Information Platform 
 
Building a data infrastructure network such as EU-RAN must be complemented with dedicated 
support.  By this, we mean the user support functions that researchers can avail themselves of.  These 
support functions provide help to users for:  accreditation (applying to access the data, including 
support for finding and selecting appropriate data sources and completing relevant application 
documentation); and support while analysing the data (including the production and promotion of 
documentation and metadata).  These support functions constitute the ‘Information Platform’, and is 
likely to be the first point-of-contact a researcher will have with the network.  This is also an 
opportunity for the Member States to harmonize these support activities, which are currently 
undertaken differently by the Member States.  Researchers should receive access to the same 
information and support, regardless of the Member State where they are based.8 
 
 
7. Developing EU-RAN 
 
To demonstrate how the EU-RAN could be established, three RDCs delivered by the CASD 
(France), IAB (Germany) and UK Data Service, have begun a project to provide access to each 
others’ detailed, confidential data.  This will begin with the installation of thin-client terminals in the 
Safe Centres of each RDC.  Each thin-client will provide direct remote and secure access, using the 
VPN technology described previously, to each RDCs’ collection of detailed data.  For example, a 
thin-client installed in the UK Data Service Safe Centre, can be used by researchers based in the UK, 
to access data available from the IAB.  This will be a pilot project, which can be developed into the 
full EU-RAN that we have described above.  The pilot will provide pragmatic solutions to many of 
the technical, legal and organisational issues which will surely need to be addressed as the EU-RAN 
begins to emerge.   
 Although the pilot will be established by these three particular Member States, feedback on 
development and progress of this pilot will be shared and discussed with other Data without 
Boundaries participants and external experts. The network will therefore evolve with successive 

                                                        
7 MethodBox has been developed by staff at the University of Manchester to provide a one-stop data support 

solution for researchers, who can access documentation and metadata relating to the data they are using for 

research.  In addition, researchers can post messages about the data, which can be answered by data producers or 

other researchers.  More information is available at www.methodbox.org 
8 A platform like that is described in Data without Boundaries deliverable 5.1: Report on concept for and 

components of European Service Centre for official statistics. 

http://www.dwbproject.org/export/sites/default/about/public_deliveraples/d5_1_european_service_centre_rep

ort.pdf 



 

 

iterations: that will improve the concept. The final iteration will provide evidence for further 
development of the EU-RAN from the pilot. 

Thus far, our overview of the development of the EU-RAN has focused on information 
technology. At this point, some digression is required because we recognise that, for an access 
network which relies on security, dependence on technology alone is not sufficient. As Desai and 
Ritchie (2009) point out, if researchers are treated as a risk by data producers and/or data providers, 
researchers have little incentive to consider themselves as responsible for the security of the data for 
which they are accessing.  Achieving ‘buy-in’ from the researchers accessing the network will 
therefore be crucial, not just in terms of establishing an effective easy-to-use network, but also for 
achieving data security.  Part of the role of the EU-RAN will be to foster such engagement by 
actively managing researchers to achieve the involvement of the community of researchers in 
protecting the confidentiality of the data. 
 
 
8. Conclusion and Outlook 
 
This paper has summarised the advantages that a more integrated network of access to detailed and 
confidential data can bring about.  We have presented a technological solution, supported by 
principles of European micro-data access to ensure that collectors of data and researchers who 
analyse the data are equally satisfied.  Technological solutions will evolve in the future:  but the 
underlying principles required for secure and collaborative access can be met by an array of 
solutions.   
 The Data without Boundaries project consists of many projects, of which the EU-RAN 
development is only one.  Other hard work, including an examination of legal issues, statistical 
disclosure control of results, and training of researchers, to name but a few, has also been undertaken 
by National Institutes and Data Archives throughout Europe, and will directly contribute to the future 
development of the EU-RAN. 
 As a result of this project, we anticipate that the landscape for accessing detailed European 
data will soon be very different, to the advantage of the research community, and to society which 
benefits from the comparative research that can be undertaken using data collected throughout 
Europe. 
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Abstract  

   
Paper-and-pencil diary research has a very high cost per respondent when 
taking into account multiple visits of interviewers, entering the data, cleaning 
and coding. For example, in the Flemish 2004 time-use study, these costs came 
to €265 per respondent. High costs and low response rates are some of the 
main concerns for the Harmonised European Time Use Survey (HETUS). To 
overcome these problems, MOTUS was created as a pilot-project to collect 
time-use data by means of online registration methods. MOTUS aims to reduce 
the high costs of paper-and-pencil diary research, and at the same time tries to 
enlarge the feasibility of this research method. The data collection takes place 
between January 2013 and December 2013 and includes 40,000 respondents 
(18-75y) that live in Belgium (Flanders region). One of the main goals of this 
pilot study is to assess the comparability between online time-use data and 
paper-and pencil research. To do this, the time-span of the data collection runs 
parallel with an EUROSTAT-minded paper-and-pencil time-use survey carried 
out by the Federal Public Service Economy. This paper dresses the obstacles of 
online time-use registration, as well as opportunities that come with an online 
time-use registration method. 
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1. The situation of paper-and-pencil time-use research in Europe 

 
In social sciences, time-use survey or paper-and-pencil diary research is one of the 
most profound and valuable ways to capture human behavior as opposed to any 
other social-scientific research method (e.g. retrospective questionnaires). Time-use 
research derives its strength from a sequential, activity-based registration method, 
including the context of each activity (e.g. with whom, where, when). This makes it 
the most thorough and the most objective way to capture daily human behavior.  
 



However, there are two major disadvantages that come with paper-and-pencil time-
use surveys: the costs and the highly intensive registration method. These high costs 
stem from the face-to-face interviews of the additional questionnaire, the need of a 
face-to-face explanation of the diary procedure, the coding and conversion of the 
paper-and-pencil diaries to a digital database and the cleaning process hereof. The 
average cost of a full processed diary, including the cleaning, came to €265 per 
respondent for the 2004 Flemish time-use research. 
The second disadvantage of current time-use surveys is the intensive registration 
method. For a one-week diary research, the paper-and-pencil diary registration 
method requires respondents to note their daily activities every day and several days 
a week. Apart from that, they also register with whom they were and where they 
performed each activity.  
  
In Belgium, the Federal Public Service Economy performed paper-and-pencil diary 
research amongst the Belgium population in collaboration with our research group 
Tempus Omnio Revelat (TOR). Additionally TOR has collected time-use data 
among the Flemish population. Because of the high costs and funding cuts, the 
continuity of time-use research in Flanders and Belgium is endangered. We believe 
that these problems regarding the continuity of time-use research are likely to arise 
in other (European) countries as well, in particular in the 15 countries that are 
currently contributing to the HETUS database (Gershuny, 2011). Therefore, the call 
for an alternative is quite high. 
 
2. An alternative to paper-and-pencil time-use surveys 
 
To ensure the continuity and future of time-use research, it is necessary to look at 
the opportunities and possibilities to change the research design. Internet access has 
been growing in the European population (Seybert, 2011), and it is very likely that it 
will continue to do so.  
MOTUS (Modular Online Time-Use Survey) has been developed as an alternative 
to paper-and pencil time-use research, and not only aims to tackle the high costs, but 
also provides additional benefits. In the first place we will describe the positive and 
negative aspects of MOTUS compared to the classical paper-and-pencil time-use 
researches that are conduced in accordance with the HETUS (Harmonised European 
Time Use Surveys) guidelines of EUROSTAT. In the second place we highlight the 
“modular” characteristics of MOTUS and some other additional advantages. 
 
The data collection of this pilot study started mid-January 2013 and will continue 
until the id-January 2014. Because of the MOTUS interface, the data will become 
available immediately after the respondents have completed their time-use 
registration. A sample of 40,000 Flemish adults aged 18 to 75 years has been 
selected from the population register and will receive an invitation letter to 
participate.  
 
3. The disadvantages of online surveys  
 



When trying to develop a new online time-use registration method, it is important to 
be aware of the obstacles that this mode of surveying is faced with, and to anticipate 
as many problems as possible. In this section we shall address the disadvantages of 
online time-use surveys compared to paper-and-pencil research, and how we plan to 
deal with these disadvantages. 
 
3.1.1 Non-response 
 
To meet the scientific standards for sampling, it is important to reduce the 
(selective) non-response as much as possible. Even though the response of paper-
and-pencil time-use surveys is rather low, there is a risk that response rates will be 
even lower with online time-use research. Another problem with non-response is the 
underrepresentation of Internet users among low educated and older people. 
However, this issue should diminish as Internet access becomes more and more 
common in European households (Seybert, 2011). 
 
3.1.2 The absence of a face-to-face interviewer 
 
One of the major challenges that MOTUS has to deal with is to overcome the 
absence of a face-to-face interviewer. An interviewer should inspire confidence, 
convince correspondents to participate (Couper & Groves, 1996), and provide the 
necessary information to successfully complete the diary (Billiet & Waege, 2001). 
 
We have tried to anticipate the absence of a face-to-face interviewer by developing 
an alternative for each of these functions.  
Firstly, an introductory video is provided on the homepage to frame the societal 
relevance of time-use research (work-family balance, traffic congestions, ...), to 
introduce the research group, the university and its reputation in time-use research 
(to instill trust). 
Secondly, since another important role of an interviewer is motivating the 
respondent to actually participate in the research, we underline in the introduction 
letter, as well as in the introduction video, that respondents who successfully 
complete the time-use survey will receive an overview of their time-use, a 
comparison of their time-use with the Flemish population based on the averages of 
all participants. We also use prize money as an incentive. Each month one hundred 
prizes, with price money ranging from €10 to a main prize of €500, are raffled 
among the respondents who completed their time-use survey in the previous month. 
On the other hand, the absence of an interviewer will decrease social desirable 
answering (Krauter et al., 2008).  
Thirdly, instruction pages and instruction videos on the website compensate the 
absence of the interviewer’s role of providing information. A significant advantage 
here is that we can postpone the provision of essential information to a specific 
moment during the research (e.g. information on how to fill in the diary). Thereby 
we hope to prevent the respondent from receiving an information overload and 
possibly forgetting essential information.  
 



 
 
4 The Advantages of MOTUS 
 
MOTUS provides a lot of specific opportunities in time-use research that weren’t 
available before, or only to a lesser extent. A lot of the advantages are linked with 
the modular design and the flexibility of the online time-use research.  
The development of MOTUS has gone through a long process of developing, 
evaluating and redeveloping the system to enhance the usability of the registration 
method. Even though the pilot study has already started, efforts will still be made to 
make the interface as accessible as possible. 
 
4.1 Hiding irrelevant questions during activity registration 
 
One of the advantages is that the questions that are asked concerning each activity 
can change depending on the activity that has been chosen. For example, when 
‘paid work’ is chosen as an activity, questions will be asked regarding the place 
where the activity took place, whether other people were present during this 
activity, and if that was the case, which people the respondent spoke with. However, 
if a transportation activity is registered the question regarding the location will no 
longer be asked since it is irrelevant, and the mode of transport can be questioned 
instead.  
 
4.2 Modular registration 
 
The major advantage of the modular design of MOTUS is the possibility to design 
separate research modules that focus on a particular research question. In our pilot 
study, two such modules have been developed, namely a transport module and a 
media module. 
First, the transport module and the media module include several additional 
questions in the questionnaire. 
Second, we can change or add questions that are asked when registering a certain 
activity. For example, respondents (randomly) assigned to the transport module will 
receive a number of additional questions every time transportation is reported as an 
activity, such as the distance that has been covered and the mode of transport. In 
paper-and-pencil research, transportation has often been underreported, because the 
respondents often see their transportation as part of a different activity (e.g. 
working, shopping, ...). This shows in the data of previous time-use research, where 
two consecutive activities often took place at a different location, without reporting 
a transportation activity.  
Media activities are also very likely to be underreported in time-use data. This is 
because media activities are very often considered as a means or as a secondary 
activity. People can listen to music while they work, use their media device to read 
a book, or watch a movie on their tablet PC while travelling by train. Often in these 
cases respondents would only report their main activities. Even though paper-and-
pencil diary research provides the possibility of recording secondary activities, these 



activities are more likely to be forgotten. Therefore, respondents assigned to the 
media-module will be asked for each activity they log, whether they used ICT. 
When people report having used an ICT devise during their activity, further 
questions will be asked regarding the nature of this ICT activity. 
 
Additionally, it is possible to link information from the survey with the questions 
that are asked during the diary registration. When a person is asked what car they 
drove in the transport module, or which ICT device they used in the media module, 
the answer categories can be based on the cars or ICT devices the respondent 
reported to own or use in the questionnaire.  
 
Besides these included modules and due to the continuous character of MOTUS, 
future possibilities for on-demand modules are legion for other specific research 
questions and target group research (e.g. working women), periodic research (e.g. 
summer holidays), and thematic research (e.g. sleep research), which makes it 
suitable for scientific research in a variety of fields.  
 
4.3 Built-in consistency checks 
 
MOTUS makes it possible to give warnings during the process of the diary 
registration, based on consistency checks running in the background, ranging from 
very simple checks to more sophisticated controls. There are a lot of possible, 
though simple mistakes that can be made, such as trying to register an activity in the 
future, an overlap of activities in time, registering an activity that lasts more than 
twenty hours, etc. In each of these instances, a particular warning or message will 
be given. Certain warnings are ‘soft’, which means the respondent can ignore the 
warning and continue logging (e.g. when an activity lasts more than 20 hours), 
whereas other warnings cannot be ignored (e.g. it is impossible to register an 
activity in the future).  
Furthermore, some more advanced checks are run. For example, when they register 
two consecutive activities on different locations without registering a transportation 
activity, a warning appears asking the respondent whether he made a transportation 
activity in between both activities. Furthermore, it is possible to ask the respondent 
questions based on the diary information of the past day/week. For example, when a 
respondent has reported no transportation activities over a period of 24 hours, he 
can be asked for a reason why he stayed at the same location all day.  
All these checks will not only improve the quality of the data, but also make it less 
important to include or stress everything in the explanation of the diary registration 
before the respondent starts his diary. For instance, instead of explaining the 
importance not to forget to register transportation activities or explaining that 
activities should not be registered in the future, this can be anticipated in the ‘soft’ 
warnings or the ‘hard’ warnings. Because of this, the introductory explanation of the 
diary registration can be seriously reduced. This should lessen the probability that a 
respondent receives an overload of information and thinks that the procedure of the 
diary registration will be too intensive. 
 



Moreover, it is possible to show motivational messages during the diary 
registration. For example to provide the respondent at regular intervals information 
on how much time still has to be logged to complete the diary.  
 
4.4 Self-coding of activities 
 
Self-coding is a process that allows the respondent to choose from an a priori coded 
list of activities. This overcomes the problems of the paper-and-pencil diary 
registration with posteriori coding of activities by data punchers. We have 
developed two methods respondents can choose from to select their activity. 
 
The first method is called the ‘select function’, and allows the respondent to 
navigate through an a priori coded ‘tree-structured’ list of 225 activities. To find an 
activity, the respondent selects one of ten broad categories of activities in a 
dropdown list, such as ‘paid work, finding a job, going to school and following 
courses’ or ‘domestic labor, chores and gardening’, then selects a subcategory of 
activities, and in a third step the respondent chooses his actual activity. 
The second registration method is called the ‘search function’, and allows the users 
to search for their activity by means of a keyword. The ‘search engine’ is 
constructed in such a way that the name of the activity doesn’t necessarily have to 
contain the keyword entered by the user. For example, when a user types in ‘food’, 
the respondent can choose from a list of activities in a dropdown list, including 
‘eating a cooked meal’, ‘cooking’ and ‘eating in a restaurant’. This does however 
require a lot of work to define which keywords correspond with which activities. 
Furthermore, because certain keywords link to a large number of activities (e.g. 
‘school’ or ‘work’), it was necessary to predefine the order in which the activities 
associated with each of the keywords is shown. For example, when typing ‘work’ as 
a keyword, it wouldn’t make much sense for activities such as ‘paid chores’ or 
‘finding a job‘ to be higher in the list than ‘paid work’. 
 
The first and very limited results of the test and the first weeks of the fieldwork 
indicate that a substantial amount of respondents uses both registration methods, 
switching methods between activities. This could indicate that when a respondent 
cannot find a certain activity with his preferred registration method, he switches to 
the other registration method. Further attention shall be paid to this issue by means 
of a follow-up questionnaire with certain respondents and by means of focus groups 
with test subjects. 
 
4.5 Additional features of MOTUS 
 
Since a very vast array of devices is used to browse the Internet, we have chosen a 
mobile-friendly website design. Not only is this esthetically important, to provide a 
streamlined interface on different sizes of computer screens and on smartphones, it 
also provides the owners of a smartphone with Internet connection to easily register 
their activities several times a day. In the future, we might work towards creating 



native apps for smartphones, which would allow smartphone users to register their 
activities without the need of an active Internet connection.  
 
Furthermore, we have included the option to let MOTUS automatically allocate the 
day on which the respondent starts his week registration upon completion of the 
questionnaire. This is done to minimize the time between the completion of the 
questionnaire and the start day of the week registration, and at the same time 
maximize the distribution of the respondents over different days. 
 
5 Monitoring the field process 
 
5.1 Regular mail 
 
Everyone in the sample population receives an introductory letter with information 
about the research, the website, and the incentives. Respondents who do not log on 
to their account receive a reminder letter after two weeks and a second reminder 
letter after one month. This concept, with an introductory letter and two reminder 
letters is often used in mail surveys. Also, it was the only way to do this pilot study 
with a random population sample. 
 
5.2 Email and text messages 
 
When respondents log on to the website for the first time, they are also asked to 
give their email address and mobile telephone number. Even though this is not 
mandatory, our preliminary results indicate that most of the respondents that log on 
to the website are prepared to give either one. This provides us with much more 
flexibility regarding automatic communication towards respondents. We have made 
mail templates and SMS templates for several situations, including: the respondent 
logs on but does not start the questionnaire; the respondent starts the questionnaire 
but doesn’t finish it after 48 hours; the respondent does not start with the diary 
registration after completing the questionnaire; the respondent started the diary 
registration but stopped logging for 36 or 72 hours; and many more. 
Keep in mind that respondents will not receive all of these messages, but only the 
specific message that corresponds to their situation. This makes it much easier to 
provide the right communication for everyone at the right time. 
 
5.3 Direct information on the registration process 
 
Another advantage of online time-use registrations in general results from the 
amount of information the researchers have on the registration process. For 
example, we know the exact days a respondent has logged his activities. If the 
respondent starts filling in the diary at another day than the allocated day, we will 
know. We will also know whether the respondents fill in their diary multiple times a 
day, once every two days or less. This could provide information on the relationship 
between regular, frequent logging and the quality of the data. 
 



A second advantage that derives from the direct control over the data is the analysis 
of attrition. For each of the respondents that drops out, we know exactly at what 
stage of the research it happened; in the middle of the first questionnaire, after three 
days of diary registration, between the completion of the diary registration and the 
follow-up questionnaire, and so on. This enables us to know on which part of the 
research to focus in order to minimize the attrition. For example, if a lot of 
respondents drop out after logging approximately 165 of 168 hours, this could 
indicate that the communication should be more clear that the registration ends with 
the activity that goes past midnight on the seventh day, and not on the evening of 
the seventh day. 
 
This leads to yet another advantage. When a problem has been spotted during the 
process of data collection, whether it regards the keywords that are linked to certain 
activities, a mistake in the questionnaire, or communication details, this can be 
instantly changed. In paper-and-pencil research, even a small change would mean 
that the questionnaires or diary booklets would have to be reprinted and 
redistributed, and/or that the interviewers need a new debriefing to inform them on 
the changes to be implemented. With MOTUS as an online registration system, a 
change in the research design or the correction of a mistake can be instantly 
executed. 
 
 
6. Conclusion and discussion 
 
The future of paper-and-pencil time-use research is endangered due to the high costs 
and the low response rates. In response to this evolution, we have started a pilot 
study to research the possibility and feasibility of online time-use registration. 
The development of MOTUS should lead to a low cost, time-efficient, and high 
quality process of data gathering. There are strong arguments that the absence of an 
interviewer will decrease social desirable answering (Krauter et al., 2008). 
Moreover, MOTUS enables respondents to fill in the online diary at their own pace 
and moment in time, which improves the quality of registration (Evans et al., 2005). 
Second, registrations are directly saved to a database, which excludes the costs of 
digitalizing the paper-and-pencil diaries. Because respondents of the paper-and-
pencil diary note down their activity in their own words, their activities had to be 
recoded afterwards. This time consuming process of activity coding is no longer 
required with MOTUS. Furthermore, built-in control mechanisms for 
inconsistencies (e.g. when registering two consecutive activities on different 
locations without registering a transportation activity or when time-slots remain 
empty) will most likely result in data of a higher quality. Because the respondent is 
prompted with his inconsistencies and performs these corrections himself, the 
process of data cleaning becomes almost redundant. This has already been 
confirmed by an experiment in Denmark (Bonke and Fallesen, 2010). 
 
Research has shown that different registration methods and designs of paper-and-
pencil diaries have an impact on the parameters of time use (Minnen, 2011). The 



impact of online time-use registration on these parameters is not known so far. 
In MOTUS, the EUROSTAT “Guidelines on Harmonised European Time Use 
Surveys” (HETUS) are respected as closely as possible to ensure the comparability 
of the results. Furthermore, the fieldwork of MOTUS runs parallel with a paper-
and-pencil time-use survey carried out by the Federal Public Service Economy (FPS 
Economy) in collaboration with our research group TOR (Tempus Omnia Revelat). 
The FPS time-use survey also follows the HETUS guidelines, which will allow us 
to make a methodological comparison between the online administered and the 
paper-and-pencil time-use survey. 
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Abstract  

 
This paper investigates National Statistical Institutes’ (NSIs) practices concerning 
response burden in their business surveys based on a survey of 41 NSIs from 39 (mostly 
European) countries. The results show that 1) most NSIs monitor some aspects of the 
response burden in their business surveys; 2) the methods used for this vary largely, both 
between and within NSIs; 3) many NSIs have implemented actions to reduce response 
burden but 4) there is hardly any research on the costs and effects of burden reduction 
actions. To get more insights in effectiveness and efficiency of response burden 
management practices, more research is needed into effects of burden reduction actions 
as well as a standard methodology for measuring response burden.   
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1. Introduction  
Response burden in official business surveys has been a concern for National Statistical 
Institutes (NSIs) for several decades (e.g. Sunter 1977, Astin 1994, Willeboordse 1997, 
Hedlin, Dale, Haraldsen and Jones 2005). The importance of managing response burden 
is underlined by the European Statistics Code of Practice (European Commission 2011) 
which states “The reporting burden should be proportionate to the needs of the users and 
should not be excessive for respondents. The statistical authority monitors the response 
burden and sets targets for its reduction over time.” There are two main reasons why 
response burden matters. First, business resources spent on statistical reporting cannot be 
spent on profitable activities. To increase the competitiveness of businesses, 
administrative burden should be kept as low as possible. Second, if response burden is 
perceived as too high this may have a negative impact on data collection, as a too high 
burden may decrease the quality of reported data and increase the costs of collecting and 
processing these data (e.g. reminder letters, editing costs). Some evidence for the 
detrimental effect of a too high response burden on response behaviour is, among others, 
reported by Hedlin et al. 2005, Bavdaž 2010, Lorenc, Kloek, Abrahamsson and Eckman 
2013, Berglund, Haraldsen and Kleven 2013, Giesen 2013).  

The objective of this research is to bring together NSIs’ experiences and knowledge in 
the area of the measurement and reduction of response burden in business surveys, given 
that NSIs face similar challenges. This paper aims to answer the following research 
questions:  

1. How do NSIs measure response burden caused by business surveys? 

2. What actions do NSIs use to reduce the response burden caused by business 
surveys? 

3. What is known about the effectiveness of these burden reduction actions?  

Section 2 of this paper describes the design of the research project, Section 3 presents an 
overview of the results regarding burden measurement and Section 4 discusses the 
findings regarding response burden reduction actions. Section 5 concludes with a 
summary and discussion of the findings.  
 
2. Research method  
 
To answer the research questions we followed a two-step approach. First, an extensive 
literature search was done for the period 2006-2010 (for more details see Giesen and 
Raymond-Blaess 2011). In this review we did not find information about all NSIs in the 
European Statistical System and we expected that many relevant reports would not be 
publicly available or updated to reflect the latest situation. This lead to a survey 
conducted in the second step.  
 
Based on the literature review, we developed a questionnaire that aimed to provide an 
overview of 1) whether and how NSIs measure response burden in businesses surveys; 2) 
whether and how they try to reduce this burden and 3) which relevant reports (additional 
to the ones found in our literature search) NSIs have documenting response burden 



measurement, response burden reduction actions and the effects of response burden 
reduction actions.  
 
The questionnaire was pre-tested at the NSIs of the Netherlands, Norway, Slovenia and 
Sweden and then adapted. As expected, surveying NSIs is as complicated as surveying 
any other large organisation. One of the findings of the pre-test was that it was difficult 
for respondents within NSIs to have an overview of all types of burden reduction actions. 
For example, knowledge on questionnaire design was typically in other departments than 
knowledge on sampling and estimation strategies. Therefore, we tried to establish a pre-
survey contact with all NSIs to inform them about the survey and find the right 
respondent or response co-ordinator. To keep the response burden for our questionnaire 
as low as possible we asked only very general questions, and not, for example, about the 
exact numbers of surveys or respondents specific actions were applied to. Also, we only 
asked about a limited number of possible reduction actions. We focused on the actions 
that we expected to be used by many NSIs and that would be easy to capture with a single 
question.    
 
A letter with the invitation to participate in the web survey was sent to all NSIs of the 
European Statistical System, the (potential) candidate countries and prominent NSIs in 
four other countries (Australia, Canada, New Zealand and the USA). In total, we 
approached 45 NSIs in 42 countries. As an attachment to the invitation letter, we included 
a request for relevant literature. We listed the literature we had already found related to 
that specific NSI (if any) and asked respondents to send us (references to) any other 
reports they could share with us. We specifically indicated that we were interested in any 
reports that describe the effects of burden reduction on, for example, burden and data 
quality. This call for reports was also included as a question in the survey.  
 
To assess the measurement methods we asked about whether and how NSIs measure 
actual response burden (defined as the money and/or time it takes to comply with data 
requests) and perceived burden (defined as the respondents’ assessment of how 
burdensome they find it to comply with the data request). As the perceived legitimacy of 
the survey request is probably an important aspect in how businesses perceive response 
burden (Dale and Haraldsen, 2007), we also asked if NSIs had conducted any studies on 
how businesses perceive their organization. Furthermore, we asked about any registration 
of the NSI response burden experienced by specific businesses and about any national 
registers of response burden caused by the government. See Appendix 1 in Giesen (2011) 
for a copy of the questionnaire used.  
 
To assess which actions NSIs use for reducing response burden in business surveys, we 
asked two sets of questions. The first set referred to the last five years (2006-2010) and 
the following actions: reduction in sample sizes, reduction in the frequency of data 
collection, reduction in the number of requested items and reduction in the number of re-
contacts with businesses; while the second set referred to the current situation and three 
kinds of actions (reducing the amount of information asked, making questionnaire 
completion easier and improving communication). The answer options referred to the 



share of all business surveys these actions were applied to, namely none, some (some but 
less than 50%), most (50% or more, but not all), all, and do not know.  
 
The web survey was on-line from November 2010 until February 2011. 41 of 45 NSIs 
from 39 of 42 countries responded, most of them electronically (a paper version was 
produced for others when requested) and after sending a reminder. For a few respondents 
we had follow up contacts by telephone or e-mail to clarify their answers or in an attempt 
to get substantial answers instead of “don’t know”. From our contacts with respondents 
we learned that it was sometimes challenging for them to answer questions for all 
business surveys at their institute. For example, burden measurement practices can vary 
over surveys and often there does not seem to be one person or department responsible 
and informed about burden measurement.  
 
The answers to the survey are treated as confidential, so we do not publish the results per 
country or NSI. Where possible, we have included reference to examples that can also be 
found in publicly available documents.   
 
 
3. NSI practices in measuring response burden 
 
3.1 Measurement of actual and perceived burden  
The majority of the surveyed NSIs measure actual burden; 34 of the 41 NSIs answered 
positively to the question “In the last five years, 2006-2010, has the actual response 
burden incurred by businesses to comply with survey requests of your organisation been 
calculated?” 20 NSIs do this annually. Several NSIs that measure actual burden 
explained that this was only done for certain surveys, for example, some EU surveys or 
all mandatory surveys. From our follow-up contacts we learned that at least one 
respondent had interpreted our question as whether a total response burden was 
calculated (for all survey requests). This unclearness in the question phrasing may have 
caused some other NSIs to answer negatively while in fact they do some kind of burden 
measurement. NSIs measure perceived burden less frequently: only 12 out of 41 NSIs 
have measured perceived burden in the past five years, 11 of those have also measured 
actual burden. 8 NSIs measure perceived burden every year. 17 NSIs reported that they 
had conducted studies on businesses’ perceived usefulness of statistics 
 
3.2 Details on actual burden measurement 
16 NSIs calculate actual burden in time costs only, 16 calculate both time and monetary 
costs, often by multiplying the time spent responding to surveys by some average wage 
rate. One institute calculated actual burden in neither time nor money but used the 
number of questionnaires sent out to businesses as an indicator. Some other NSIs also 
mentioned that they have something like this, for example, a monitoring system for the 
mean number of questionnaires which are filled in by each business for a given time 
period. One NSI could not tell whether burden was calculated in time, money or both.  
 
NSIs use several types of data to calculate actual response burden. The most popular data 
source is information provided by respondents in surveys (29 NSIs), followed by 



estimates from experts (25 NSIs). 13 NSIs report that they use qualitative studies to 
assess the costs of complying. 5 NSIs report that they use other data sources, of which 3 
were specified: 1) calculation based on the frequency with which a business is drawn in 
samples (a practice also mentioned by other countries in some surveys); 2) calculation 
based on a previous survey, suitably amended; and 3) based on interview time. 
 
Of the 29 NSIs that use burden data provided by survey respondents, 14 use samples and 
21 collect the burden data at the same time as the survey data they relate to. One institute 
mentioned the use of Response Analyses Surveys to better understand burden and data 
error. Often, NSIs use several types of data to calculate response burden: 15 NSIs use 2 
different types of data, 10 NSIs use 3 different types of data and 1 NSI uses 4 different 
types of data. 
 
Table 1: Aspects of actual response burden included (N=33, 1 institute with actual 
burden measurement is missing) 

Aspect of actual response burden Yes No 
Don’t 
Know 

Filling out the questionnaire.  31 1 1 
Retrieving, collecting and compiling requested information. 28 4 1 
Reading questions and instructions. 25 6 2 
Administrative tasks (e.g. coordination) involved in survey completion.  19 10 4 
Record formation specifically done for reporting obligations. 17 12 4 
Re-contacts with businesses about the data provided. 13 16 4 
Other sources of response burden. 3 18 12 
 

Table 1 shows which aspects of burden are explicitly included in the calculation of 
burden. Here we see how differently response burden is operationally defined and 
measured. For example, 13 NSIs include re-contacts as part of the burden, whereas 16 do 
not. One institute did not include ‘filling out the questionnaire’ as a source of burden. 
This institute takes only into account the number of surveys a business receives.  The 
other mentioned aspects of burden were ‘out of pocket costs/external costs’ (stated twice) 
and ‘16 standard activities based on the standard cost model’. 
 
An important difference in burden measurement is whether or not all sent questionnaires 
are included in the calculation of total burden or only those returned. 13 NSIs use only 
the number of sent questionnaires for their measurement, 11 use only the number of 
returned questionnaires and 6 do both (2 do neither, 1 does not know and 1 did not 
answer). Using both figures may seem contradictory. However, for example, Ireland does 
in fact publish response burden measurement according to the Standard Cost Model (with 
the assumption of full compliance) and for the responding units only (Central Statistics 
Office 2010). The combination of both methodologies may also be explained by the fact 
that several NSIs have indicated that they use different methods for different surveys. 
Theoretically, one could estimate burden separately for non-respondents and for 
respondents.  
 
3.3 Registers of response burden  
16 NSIs reported that they have a database (a register) of the burden imposed on each 
business unit. New Zealand uses this to monitor and control the burden (‘respondent 



load’) at the business level (Merrington, Torrey and van Heerden 2009). For each 
business they calculate the response load and compare this to the relevant load thresholds 
for a business of that size. If businesses are unfairly burdened they are given some relief. 
 
Also, in some countries registers are kept at the national level to monitor and/or reduce 
burden caused by all government surveys. Such registers are reported by 9 countries. For 
example, in Australia the Statistical Clearing House (www.sch.abs.gov.au) provides a 
central clearance point for business surveys that are run, funded, or conducted on behalf 
of the Australian Government. Its purpose is to reduce duplication, minimise the burden 
on business and ensure that surveys are fit for purpose. In the US, the Office of 
Management and Budget provides oversight of burden for all federal statistical agencies 
(Office of Information and Regulatory Affairs 2006). In Norway, the Brønnøysund 
Register Centre (www.brreg.no) co-ordinates the governmental reporting obligations of 
businesses to prevent “superfluous collection and registration of information”.  
 
 
4. Burden reduction actions  
 

Our survey also assessed for 17 burden reduction actions to what share of the business 
surveys these had been applied. Table 2 gives an overview of these actions, ordered 
according to the percentage of NSIs that applied this action to any of their business 
surveys (either to some, most or all). 
 
Table 2: Burden reduction actions, sorted according to the number of NSIs that have 
implemented an action in (some, most or all of) their business surveys 
Type of reduction action # of NSIs applying the 

action (N=41) 
Respondents can contact a help desk if they have questions about a survey (e.g. a 
specific phone number and/or e-mail address) 

39 

Electronic versions of self-completion questionnaires are available. 38 
Respondents can find help on a web site (for example frequently asked questions). 37 
Questionnaires have been tested with respondents to assess how well they 
understand the questionnaire and are able to provide the data. 

35 

Reduction of the number of requested items in survey requests. 34 
(Part of) the data can be provided by non-automatic fixed format files, for example 
excels files. 

33 

Information is provided on the concrete use of the statistical output based on the 
survey request. 

33 

Reduction of sample size(s). 32 
Samples are co-ordinated and/or rotated (survey holidays). 32 
Register information has replaced (part of) the data collected from businesses. 30 
Data of previous reporting periods are pre-printed in the questionnaires (e.g. 
dependent interviewing). 

28 

Respondents can receive personalized statistical feed back. 24 
Reduction of the frequency of data collection. 23 
The contacts with large businesses are managed by a single account manager. 22 
Reduction of the number of re-contacts with businesses 19 
Survey requests are included in a survey calendar that gives businesses an 
overview of which surveys they can expect. 

19 

(Part of) the data can be provided by automatically extracted files from the 
businesses administrative systems, for example XBRL. 

16 



 
On average surveyed NSIs applied 12 of the proposed 17 actions to at least some of their 
business surveys. Only 1 NSI had not implemented any of the proposed actions and 4 
NSIs have implemented 16 of the 17 proposed actions.  

 
The open question to report any other unspecified reduction action yielded many 
responses. Some of them could be assigned into the closed-ended questions. For example, 
some respondents interpreted the use of register data as something else than the use of 
administrative data. Below we give an overview of the remaining other reduction actions 
mentioned by respondents and the number of times they were mentioned. It must be kept 
in mind that these actions probably are used at more NSIs, but we did not measure this 
systematically in our survey. 

Policies outside the NSIs 

• Better co-ordination across public agencies and authorities (3x) 
• Seeking access to administrative data (3x) 

NSI policies  

• ‘No gold plating’ rule - implementing minimum requirements only (2x). 
• ‘One in one out’ rule (1x) 
• Policy not to collect data if information is available in administrative data (3 x) 
• Policy not to ask the same information in different questionnaires (1x) 
• Load Threshold Policy: proactive relief to businesses in accordance to size (1x) 

NSI organisational aspects 

• Establishment of Accounting Practices Unit that seeks to reconcile survey questions 
with business record keeping (1x) 

• Establishment of response improvement research staff to do research on questions 
(1x) 

• Programme of data collection split in two chapters, direct data collection and usages 
of administrative data from other government bodies (1x) 

Questionnaire Design  

• Regular monitoring / reviewing of questionnaires to detect problems of respondents 
(3x) 

• Testing usability of electronic web-based data collections (1x) 
• Offer questionnaires in multiple modes (2x) 
• Pre-fill questionnaires with administrative data (1x) 
• Reduction of the level of detail asked on a number of questionnaires (1x) 
• Development of special shorter questionnaires for small businesses (2x) 
• Redesign of questionnaires to align them as far as possible with the Profit & Loss and 

Balance Sheet account entries (1x) 

Web facilities 

• All questionnaires can be downloaded and sent back electronically through public 
website (1x) 

• Interaction between data collectors and respondents via ICT and Internet in order to 
complete questionnaires aiming at efficiency of data capture process (1x) 



• Web site developed specifically for businesses, both as respondents and users (1x) 

Other 

• Accept copy of balance sheet annual account instead of filling in SBS questionnaire 
(1x) 

 
As a response to our request for reports on effects of burden reduction actions, 12 NSIs 
sent us one or more reports about their efforts to reduce response burden. Some of these 
were reports that describe the development of response burden over time and, sometimes, 
separately for specific surveys. Examples of such publicly available reports are Fröhlich, 
Oschischnig and Rainer (2012) and Central Statistical Office (2010). However, there are 
very few publicly available studies that investigate the effects of specific actions on 
response burden (Giesen and Raymond-Blaess 2011). Some exceptions are Ojo and 
Ponikowski (2010), who did a simulation study to explore the effects of dependent 
sampling  in order to reduce response burden on the precision of estimates; a technical 
report by the Hungarian Statistical Office of 2004 that describes a study on the expected 
effects of  proposed burden reduction measures on respondents and data users, and a 
study by Statistics Belgium (2010) that specifically states the effects of the reduction 
measures both in terms of response burden and in staff costs before and after 
implementations.  
 
  
5. Discussion 
 
The majority of surveyed NSIs have – in accordance with the European Statistics Code of 
Practice – measured actual response burden for at least some of their business surveys, 
and a part of surveyed NSIs have measured perceived response burden. However, a 
closer inspection of how burden is measured reveals that there are large differences in 
methodologies, both between NSIs but also within NSIs. Differences refer to operational 
definitions of the burden concept, kind and number of data sources used, calculation 
procedures, inclusion of non-respondents etc.  
 
These differences reflect both differences in the quality and in the purpose of the burden 
measurement. Measurement practices seem mostly aimed at monitoring the total 
administrative burden caused by statistics, and hardly ever at monitoring and improving 
data collection methodology. In order to get high quality and comparable burden 
indicators, an international standardisation of response burden measurement is called for. 
Such a standardisation requires a clear definition of the purpose(s) of the measurement 
and an active dissemination and follow-up (see also Giesen, Haraldsen and Bavdaž 
2011). Eurostat seems to be the most likely candidate to co-ordinate these activities for 
the European Statistical System.  
 
Our study also shows that NSIs have implemented many actions that can reduce response 
burden and usually various types of actions to reduce burden are combined. Burden 
reduction actions can take various forms: reducing the total number or data items 
collected, making it easier for businesses to provide data, and promoting the benefits of 
responding to surveys in order to reduce the so-called “irritation burden”. There is a large 



variety in actions NSIs have implemented and to what share of their business surveys. 
These variations may partly be caused by structural differences such as legal possibilities 
(particularly with respect to getting access to administrative data) and resources, but more 
likely, they reflect the fact that little is known about the effects of various response 
burden reduction actions on response burden, data quality and costs for NSIs. We simply 
have too little evidence of what good practices for burden reduction are. We therefore 
recommend more studies comparing alternatives or (at least) “before and after” when a 
burden reduction actions are planned.  
 
Another important finding from our survey is that most NSIs do not have a central person 
or department co-ordinating both burden measurement and burden reduction actions. 
Notable exceptions are the Ombudsman for response burden at Statistics Canada (Sears 
2011) and the Respondent Advocate at Statistics New Zealand (Statistics New Zealand 
2008).  
 
For the future we recommend that NSIs first of all document and monitor their burden 
reduction initiatives better, and benefit from sharing of knowledge both within an NSI 
and between NSIs. To make well-informed decisions, a step forward is indispensable in 
the research into business survey data collection methodology. This research should take 
into account that it may not be easy to change opinions and behaviour of the respondents 
of business surveys who already have established routines and attitudes concerning NSI 
survey requests. Research into effects of burden reduction actions should include both 
novel and experienced respondents; and monitor long term effects. Also it seems 
advisable to design studies that can detect how business characteristics, such as size class, 
type of industry and past response behaviour affect the reaction to burden reduction 
actions. It may well be that NSIs actions can be more effective and efficient if tailored to 
these characteristics.  
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Abstract  
 

Cultural Diversity has become an important notion at the international level and notably 
as a foundation for policies towards development. A sound definition and measurement 
are however still missing. The paper discusses the growing use of the Stirling Model in 
economic analyses of Cultural Diversity, and related indexes. The model’s importance 
and limitations are discussed. The paper should most of all be seen as a step towards the 
building of a framework allowing to debate Cultural Diversity. 
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1. Why measuring Cultural Diversity is important, and related risks 

 
Cultural Diversity has become established as an unavoidable concept in international 
negotiations related to the cultural field (Stenou, 2003), in particul ar with the unanimous 
adoption of the UNESCO Universal Declaration on Cultural Diversity (2001) followed 
by the almost unanimous approval of the UNESCO Convention on the Protection and 
Promotion of the Diversity of Cultural Expressions (20 October 2005) and its fast 
ratification by countries. 
 
The success of the Convention is based on the consensus that surrounds the notion of 
Cultural Diversity (Ranaivoson, 2007). There are obviously good reasons for Cultural 
Diversity to have become a cornerstone in the development of policies related to culture, 
and beyond. It can be seen as a common heritage of humanity (Unesco, 2005). The sheer 
existence of Cultural Diversity enriches the whole humanity. At an individual level, 
Cultural Diversity increases the range of choices available (Unesco, 2005). In fact, from 
an economic point of view, consumers as a whole value diversity because they have 
different tastes or because every consumers has a taste for diversity (Ranaivoson, 2012). 
Beyond the economic approach, Cultural Diversity is a capacity for expression, creation 
and innovation (Unesco, 2001). 
 
A crucial assumption of this paper is that Cultural Diversity is an important concept. The 
concept however needs to be more precisely defined, in particular to allow its 
measurement. There is a growing literature on the topic but it still lacks a common 
framework. The paper argues that the Stirling model can provide the basis for such a 
framework. 
 



Cultural Diversity has been criticized due to its blurriness (Bonet and Négrier, 2011). For 
example, Cultural Diversity is accused of allowing to support any policy or strategy 
(Creton, 2003). Therefore the polysemous concept can hardly be used in a normative way 
to guide public policies. A related consequence is the lack of a statistical framework that 
would enable to measure Cultural Diversity (Ranaivoson, 2010b). Last but not least, 
measuring may be necessary to address policies (e.g. Bernier, 2003), more precisely to 
assess their impact. 
 
There are however specific issues/risks related to the measurement of cultural diversity. 
The first one is the objectivation of categories, i.e. to consider that the cultural categories 
exist per se – while they are cultural constructs and therefore to some extent subjective. 
Another risk is to get a purely mechanistic view of diversity. One aim of measuring 
cultural diversity is to monitor its evolution over time and the impact of different factors 
(e.g. policies). Culture is however too complex for researchers to isolate a few variables 
that would explain its evolution. Thus, while one aim of the measurement is to draw 
comparisons (between e.g. different countries or markets), and even maybe to make some 
benchmarking, it is rarely possible to derive from a comparison that a policy could be 
transposed from one case to another. This is notably the case because underlying causes 
may be harder to compare. Finally, as for every case a statistic is created, there is the risk 
of seeing the so-called Goodhardt’s law applying. This law states that once a statistic is 
created to address one problem, we tend to address the statistic in the simplest way, 
which does not necessarily solve the problem. 
 
 
2. The Stirling definition of diversity as a mix of variety, balance and 
disparity  
 
The section describes Stirling’s (2007) definition of diversity as a mixture of variety, 
balance1 and disparity: all other things being equal, the greater the 
variety/balance/disparity, the greater the diversity. To assess the diversity of any system 
(e.g. music production), this system must first be divided into different types or 
categories (e.g. titles, geographical origins, etc.) (see Figure 1). 
 

 
Figure 1: Representation of a system and the categorization of elements 

 

                                                 
1  The term ‘balance’ is used here to convey the idea of the even spread of a product or form of expression.  
As the phrase ‘even spread’ is somewhat clumsy, however, the word ‘balance’ is used instead.   



Variety corresponds to the number of different types (see Figure 2). 

 
Figure 2: Illustration of variety 

 
Balance represents the way every type is represented (see Figure 3). It can be measured 
by the proportion for every type (e.g. the number of goods for every type that is produced 
or sold as compared to the total number of goods available). 

 
Figure 3: Illustration of balance 

 
Disparity is the dissimilarity between existing types, for example between the farthest 
two types or for every pair (see Figure 4). 

 
Figure 4: Illustration of disparity 

 
To make this definition clear, let us consider the evolution of music diversity on a French 
radio station. This station initially broadcasts around 100 different French pop songs. 
Five of these songs are played every hour while the others are broadcast far less 
frequently. Considering our first dimension, to increase diversity, we can increase either 
variety or balance or disparity. To increase variety, we can, for example, increase the 
number of different songs broadcast, from 100 to 150. To increase balance, we can 
reduce the number of broadcasts of the most broadcast songs and increase the broadcasts 
of the others. To increase disparity, we can choose to replace some of the French pop 
songs by songs of other styles, which were previously not broadcast, for example 
Brazilian Bossa Nova or Pakistani Qawwali songs. 
 
Every component of diversity appears to evolve independently from the other 
components. However, this is only true to a certain extent. They are, in fact, inextricably 
linked through the notion of diversity. In our example, if variety is increased, it will 
probably have an impact on balance since to broadcast more songs implies that, on 
average, each song will be broadcast less frequently. Furthermore, if you have only one 
Bossa Nova song broadcast only once a week, it is not the same as if there were many 
songs in this style, which were played more often. More generally speaking, any 
categorization, i.e. any division of a system into categories, requires assumptions to be 
made about disparity even if these assumptions can be implicit.  

 
This definition of diversity does not apply only for Cultural Diversity. Actually, it was 
first formulated by Stirling (1998) and applied notably on the diversity of energy 



portfolios. Part or all of the components have also appeared in works on diversity of 
production (Hotelling, 1929; Lancaster, 1979), finance (Markowitz, 1952), psychology 
(Junge, 1994) and communication theory (Shannon, 1948). Biodiversity may be the 
notion derived from diversity that has been the most studied (Ranaivoson, 2007). 
 
When applied to the analysis of cultural sectors, this definition of diversity needs to be 
enriched to take into account the need to distinguish between, on the one hand, supplied 
and consumed diversity and, on the other hand, diversity of products, of producers and of 
the audience (Ranaivoson, 2007). 
 
 
3. An overview of previous uses of the Stirling definition: from variety 
to a complete approach 
 
Most research, particularly less recent and theoretical texts, has relied on one component 
of the Stirling definition. Despite previous research combining the three components of 
this dimension, only recently have authors been able to combine all three effectively 
thanks to access to better data and a more solid theoretical background. Most theoretical 
approaches have considered only one: variety (Steiner, 1952; Spence and Owen, 1977; 
Baker, 1991; Gabszewicz et al., 2001; Allain and Waelbroeck, 2006). Among empirical 
models, some are focused on either variety (Rothenbuhler and Dimmick, 1982), balance 
(Levin, 1971; Hellman and Soramäki, 1985; Alexander, 1996; Van der Wurff, 2005) or 
disparity (Blank, 1966; Dowd, 2001). 
 
Other articles have used two components, such as variety and balance (Levin, 1971; 
Chung and Cox, 1994; McDonald and Lin, 2004) or variety and disparity (Peterson and 
Berger, 1975; van Kranenbourg et al., 2004). There has been some research on diversity 
in cultural activities that have succeeded in considering the three components (Greenberg 
and Barnett, 1971; Lopes, 1992). 

 
Only recently have papers applied the Stirling definition to cultural industries and thus 
taken the three components into account: film (Moreau and Peltier, 2004; Fialho de 
Araùjo, 2007; De Vinck, 2011; Lévy-Hartmann, 2011), publishing (Benhamou and 
Peltier, 2007), recording (Ranaivoson, 2010a), broadcasting (Farchy and Ranaivoson, 
2011), heritage (Santagata and Saccone, 2011). A hurdle consists in measuring disparity 
and applying the Stirling index to measure variety, balance and disparity, which has been 
done by Benhamou and Peltier (2007) and Farchy and Ranaivoson (2011) but always at 
the expense of huge assumptions. 
 
 
4. Measuring Diversity: the Stirling Index 
 
The Stirling definition serves as the basis for the construction of the Stirling Index. Its use 
is exemplified in the research done by Farchy and Ranaivoson (2011), which compares 
the diversity of TV programs in three European countries (France, Turkey and UK), 
focusing on the main private and the main public channels for every country. 



 
The three components of diversity are assessed through the use of the Stirling Index 
(Stirling, 2007): d jk( )α

pj pk( )β

j ,k∈ 1,n[ ]2, j≠k

∑ . The index allows to address diversity in the most 

comprehensive way possible by considering variety, balance and disparity at the same 
time. While the Stirling definition has now gained recognition relative to the analysis of 
cultural diversity, the index has only recently been used in research on media and cultural 
industries (e.g. Benhamou and Peltier, 2011). The introduction of α allows us to play with 
the weight of disparity relative to variety and balance.2 Likewise, the introduction of β 
allows us to play with the weight of balance relative to variety and disparity.3 The 
aforementioned studies only consider when α = β = 1 (e.g. Benhamou and Peltier, 2011). 
However there is no reason to give preference to such values over others in the 0 to 1 
interval. 
 
In other words, this is the first time one index has been used to assess diversity, offered a 
complete approach for measuring and allowed for playing with the three components’ 
different weights. 
 
 
5. Properties of a set of indexes of diversity 
 
The section discusses desirable properties for an index of diversity or a set of indexes of 
diversity. It expands on previous work on suitable properties of indexes of cultural 
diversity (Ranaivoson, 2007). 

 
The first issue deals with the number of indexes to be used when measuring diversity. It 
depends notably on the issues analyzed in terms of diversity. Actually diversity may have 
different meanings according to the categorization used, which itself depends on the 
problem analyzed. For example, if the issue is of quotas of national (or European) 
content, as exists for songs in French in France, Canada or Belgium (Ranaivoson, 2010b), 
then the categorization should refer (but not necessarily restrict) to language or origin 
whereas the analysis of diversity of TV programs described before focuses on the 
diversity of genres. 
 
The number and the type of indexes to be used depend also on the available data, in 
particular on their completeness. On one side a single index of diversity (e.g. the Stirling 
Index) is more easy to use (but not necessarily to build) and facilitates comparisons e.g. 
between countries or over time. However, such an index aggregates every piece of 
information, which is questionable when data based on different categorizations exist. 
Therefore there should be at least one index per type of categorization, e.g. one index for 
the diversity of origins, one index for the diversity of genres, etc. More generally a set of 
indexes facilitates the use of incomplete data and allows to keep more information. 
 

                                                 
2 The lower α (with 0 < α ≤ 1) is, the higher the emphasis on disparity (Farchy and Ranaivoson, 2011). 
3 The lower β (with 0 < β ≤ 1) is, the higher the emphasis on balance (Farchy and Ranaivoson, 2011). 



There are two kinds of properties. The first is rather general and could apply to indexes 
on almost any topic while the second is more directly linked to the issue of diversity and 
also easier to apply mathematically. 
 
First, a suitable set of indexes should strive towards completeness (Stirling, 2007) in the 
sense that every dimension should be represented and as far as possible every component 
of all three dimensions + consistency. This leaves relatively open the way in which 
different dimensions should be combined or different components compared. A suitable 
set of indexes should also be parsimonious (Stirling, 2007) by relying on simple indexes 
(rather simplicity of use). Similarly, it should be transparent (Stirling, 2007) insofar as 
the assumptions needed to build the indexes should be explicit. However, the values or 
classifications given by the set of indexes should not be too sensitive to a modification of 
parameters: it must be robust (Stirling, 2007). Given the available data, a suitable set of 
indexes should not be too demanding in terms of data necessary to build them 
(Ranaivoson, 2007). It should be noted that, to a certain extent, these properties can be 
contradictory, for example it is not that easy to obtain a set of indexes that are both 
comprehensive and not too demanding. Building any set of indexes will rely on a trade-
off between these properties. 
 
The second kind of property directly links to the definition of diversity. These properties 
may apply to the entire set of indexes or to a subset. First of all, if according to one 
variable all elements belong to the same type (i.e. variety equals one or there is no 
disparity or this is the most unevenly  spread), every index linked to this variable should 
have a value equal to zero (Patil and Taillie, 1982; Stirling, 1998; McDonald and Lin, 
2004; Stirling, 2007), and zero is the minimal value for any of these indexes. Thus if one 
studies diversity of consumed movies in a country and all these movies are nationally 
produced then all indexes linked to origin are equal to zero. Of course, other indexes 
linked to other variables may have a value different from zero for example those simply 
linked to the number of cinema ticket sales. 
 
Indexes can also be monotonic functions of variety (Patil and Taillie, 1982; Pielou, 1975; 
Stirling, 1998; 2007), balance (Patil and Taillie, 1982; Stirling, 1998; 2007) or disparity 
(Weitzman, 1992; Solow et al., 1993; Stirling, 1998; Stirling, 2007). For example, if 
more discs are sold, meaning an increase in consumed products, this should increase 
diversity. However, it should be noted that this is only a ceteris paribus result since this 
increase in sales might affect diversity for other variables (e.g. in terms of origin) or for 
other dimensions of diversity. 
 
There are other properties that seem less crucial. Some authors want any diversity index 
to be equal to one at its maximum (McDonald and Lin, 2004, p.106). Other suggest that 
the indexes should be easily combinable with other relevant properties of the system 
(Stirling, 2007) in order to facilitate trade-offs with other properties such as efficiency. 
 
 
6. Concluding remarks 
 



The paper has presented and discussed the Stirling Model of Cultural Diversity, i.e. the 
Stirling definition (diversity as a mix of variety, balance and disparity) the Stirling Index. 
The Stirling Model provides a clearer understanding of not only this complex notion but 
also how it is to be assessed through numerous cultural activities. It might be interesting 
to consider other dimensions of cultural diversity, such as, on the one hand, supplied and 
consumed diversity and, on the other hand, the relations between product, producer and 
consumer diversity. To substantiate the validity of the Stirling Model, the paper has 
provided an overview of existing literature and shown how it builds on existing research 
on Cultural Diversity. 

 
Defining and measuring are useful notably for policy purposes. The paper has however 
also provided a list of the main pitfalls threatening any assessment of Cultural Diversity, 
which the Stirling Model should aim at avoiding. The first one consisted in objectivizing 
categories. In fact the aim of the methodology is to make explicit the subjectivity behind 
the building of categories. People applying it should not try to find objective features 
rather a way to express the subjective features everybody has, and the most consensual 
one. Another risk identified was getting a purely mechanistic view of diversity. The 
response here consists in not forgetting that any attempt at measurement always implies 
losing some information, as reminded in the discussion of the properties of a good set of 
indexes. Another consequence is that successful policies in favour of diversity cannot 
only be transposed from one country (or sector) to another but need to be adapted to the 
context. Finally, the reflection prior to the building of indexes should prevent the 
Goodhardt’s law to take place. Any measurement of diversity is limited and should 
therefore be questioned and this questioning should be made easier by the explicitation of 
the categorization used to build the indexes of Cultural Diversity. In addition the 
methodological framework proposed by the paper is flexible enough to allow the 
inclusion, or the dropping, of indexes while restrictive enough so that not anything can be 
said to allow an increasing of diversity. 

 
Needless to say, many questions are yet to be explored, which notably deal with the 
dynamics of Cultural Diversity and the roles of innovation and preservation in this 
dynamics. Most importantly at this stage: how could policies take into account the 
Stirling model? Two observations may be made here.  Firstly, since the notion of cultural 
diversity covers many dimensions, there can be no single policy in favour of cultural 
diversity; instead, there will be policies that foster certain aspects of it, while sometimes 
harming others. Policies should then be carefully designed. Secondly, to measure the 
impact of policies it is necessary to evaluate them once they have been implemented; 
such assessment would also make it possible to improve or terminate them. 
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Abstract 

 
In recent years, economic policy-makers have undertaken a set of measures to alleviate the 
consequences of the global crisis and to pull economy out of recession. In order to review 
the effects of these measures on time, it was necessary to create an appropriate indicator 
that shows the trends of the overall economic activity in the short-term period, unlike the 
one being published by the official Statistics. 
 
The paper presents the methodological basis of calculating the Serbian composite index of 
economic activity. This index presents the weighted average of monthly indicators of the 
economic activity in all sectors of the national economy. The index is calculated 30 days 
after the end of the reference month and thus provides prompt information about the 
dynamics of aggregated economic activity. In addition this paper analyses the relationship 
between composite index and officially quarterly GDP data in order to determine the extent 
to which the movement of the composite index and the quarterly GDP matches. The 
analysis showed that the composite index with a high reliability could be used as an 
indicator of monthly GDP. 
 
 
Keywords: composite index, economic activity, monthly GDP. 
 
 
1. Foreword 
 
The impact of the world financial and economic crisis on the national economies brought 
out the importance of short-term analysis and necessity of producing an appropriate 
indicator, which would show short-term economic trends. Regarding this, Statistical Office 
of the Republic of Serbia (SORS) established composite index of economic activity, in the 
middle of 2009. Firstly, its main role was to show an early signal (positive or negative) on 
economic activity trend. However, its importance in economic analysis increased over time 
and additional objective was set up – to reflect more precisely and accurately the monthly 
dynamics of overall economic activity. To achieve this goal, methodology of its calculation 
was continuously improved and from the January 2011 it has been used as indicator of 
monthly GDP. 
  
The purpose of this paper is to: 
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• describe improvement of  composite index calculation methodology; 
• present the trend of the composite index; 
• analyze correlation between composite index and officially quarterly GDP. 
 
 

2. Methodological background of monthly composite index of economic 
activity calculation 
 
Composite index of economic activity represents the monthly dynamics of aggregated 
economic activity. It is calculated as weighted average of monthly indicators of sections of 
national economy. Compared to the composite index from 2009 considerable 
methodological improvements has been done. The most important are: 

1. indicators for agricultural production, net taxes and FISIM are included; 

2. the weighting system is changed; 

3. transition to the NACE Rev. 2 classification; 

4. benchmarking to annual GDP data is introduced; 

5. time series has been restored back to January 2001. 

 
2.1 Indicators by activities 
 
The annual index of physical volume of agricultural production, monthly index of physical 
volume of forest exploitation and the monthly index of number of employees are used as 
indicators of the economic activity of section A - Agriculture, forestry and fishing (NACE 
Rev. 2). The issue of measuring the agricultural output in quarterly and especially monthly 
dynamics is rather specific, since the major indicator of production is sales and purchase of 
agricultural products. The majority of these sales is recorded in the third or the forth 
quarter, while agricultural production is performed throughout the whole year. In the 
calculation of composite index starting point is distribution of annual value of agricultural 
production over quarters. This distribution is carried out according to monthly dynamics of 
the sales at constant prices and fixed proportions of production costs, by quarters (20%, 
25%, 30%, 25%). The same index, obtained in this way for particular quarter, is used for 
each month of that quarter. This solution is acceptable because it is neutral on the monthly 
level, but takes into account quarterly pattern of agricultural production.  

Industrial production includes the sections Mining, Manufacturing and Electricity, gas and 
steam supply (sections B, C and D). The indicators of economic activity of these sections 
are monthly indices of physical volume of industrial production at division level. These 
indices are available 30 days after the end of the reference month. 

Monthly index of number of employees are used as indicators of the economic activity of 
the section E - Water supply and waste management.  

The quarterly value of construction works done and the quarterly index of hours worked are 
used as the indicators of the economic activity of section F- Construction. The data are 
available 45 days after the end of the reference quarter. Monthly indicator for composite 
index calculation is obtained by disaggregation of quarterly index with monthly number of 
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employees as related series, using ECOTRIM. Since the official quarterly index of 
construction is available 45 days after the end of reference quarter it has to be estimated 
using econometric models.  

The monthly data on retail and wholesale trade turnover value are used as indicators of the 
economic activity of the section G - Wholesale and retail trade. The data on retail trade are 
available 30 days after the end of the reference month. Since the monthly data on wholesale 
trade are available 75 days after the end of the reference quarter it has to be estimated using 
econometric models.  

The monthly physical volume indices of transportation services are used as the indicators of 
the economic activity of section H - Transportation and storage. Since the monthly data are 
available 75 days after the end of the reference quarter it has to be estimated using 
econometric models.  

Monthly data on catering turnover value and index of number of overnight stays are used as 
indicators of the economic activity of the section I - Accommodation and food service 
activities. These data are available 30 days after the end of the reference month. 

The monthly physical volume index of telecommunication services and monthly index of 
number of employees are used as indicators of the economic activity of the section J - 
Information and communication. Since the monthly data are available 75 days after the end 
of the reference quarter it has to be estimated using econometric models.  

The monthly stocks of deposits and credits at commercial bank and monthly index of 
number of employees are used as indicators of the economic activity of the section K - 
Financial and insurance activities. These data are available 30 days after the end of the 
reference month. The same indicators are used for financial intermediation services 
indirectly measured (FISIM). 

In the calculation of indicator for section L - Real estate activities starting point is 
disaggregation of annual data on imputed rent to quarterly data, using quarterly dynamics 
of the GVA sum of all sections except section L. Monthly indicator for composite index 
calculation is obtained by disaggregation of quarterly index with monthly number of 
employees as related series, using ECOTRIM. 

Monthly indices of number of employees are used as indicators of the economic activity of 
the sections Professional, scientific and technical activities (section М), Administrative and 
support service activities (section N), Public administration and defense; compulsory social 
security (section O), Education (section P), Human health and social work activities 
(section Q), Arts, entertainment and recreation (section R), Other services activities (section 
S), Activities of households as employers (section T). These data are available 30 days after 
the end of the reference month. 

Indicator for Net taxes is weighted average of indicators of all sections. 

The review of indicators, which are used for composite index calculation, as well as for 
official quarterly GDP calculation, is presented in Table 1. 
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Table 1. Review of indicators for calculations of composite index and GDP 

Section Composite index calculations GDP calculations 
А Agriculture, forestry 
and fishing 

• the same monthly  indicator for 
Agriculture as for respective quarter 

   in  GDP calculations 
• monthly index of physical volume 

of forest exploitation 
• monthly index of number of  

employees  

• annual index of physical volume 
of agricultural production (net) 

• monthly data on sales and 
purchase value of agricultural 
products 

• monthly producer price indices of 
agricultural products 

• monthly index of physical volume 
of forest exploitation 

• monthly index of number of 
employees  

B Mining and quarrying • monthly index of physical volume of 
industrial production 

• monthly index of physical volume of 
industrial production 

C Manufacturing • monthly index of physical volume of 
industrial production 

• monthly index of physical volume of 
industrial production 

D Electricity, gas and 
steam supply 

• monthly index of physical volume of 
industrial production 

• monthly index of physical volume of 
industrial production 

E Water supply and  
waste management 

• monthly index of number of 
employees 

• monthly index of number of 
employees 

F Construction  • desegregation of quarterly 
indicators for construction by 
monthly index of number of 
employees 

• quarterly value of construction 
works done 

• quarterly index of hours worked 

G Wholesale and retail 
trade  

• monthly retail trade turnover value 
• monthly wholesale trade turnover 

value 

• monthly retail trade turnover value 
• monthly wholesale trade turnover 

value 
H Transportation and 
storage 

• monthly physical volume indices 
of transportation services 

• monthly physical volume indices 
of transportation services 

• monthly index of number of 
employees 

I Accommodation and 
food service activities 

• monthly index of catering turnover 
value 

• monthly index of number of 
overnight stays 

• monthly index of catering turnover 
value 

• monthly index of number of 
overnight stays 

•  J Information and 
communication 

• monthly physical volume indices 
of telecommunication services 

• monthly index of number of 
employees 

• monthly physical volume indices 
of telecommunication services 

• monthly index of number of 
employees 

K Financial and 
insurance activities 

• monthly stock of deposits and 
credits at commercial banks  

• monthly index of number of 
employees 

• monthly stocks of deposits and 
credits at commercial banks 

• quarterly data on insurance 
premiums 

• monthly index of number of 
employees 

L Real estate activities 
  

• desegregation of quarterly 
indicators for section L by 
monthly index of number of 
employees 

• annual data on imputed rents 
• quarterly data on GVA of all 

sections (except section L) 
• monthly index of number of 

employees  
 

Other services (M, N, 
O, P, Q, R, S, T) 

• monthly index of number of 
employees  

• monthly index of number of 
employees  

FISIM  • monthly stocks of deposits and 
credits at commercial banks 

• monthly index of number of 

• monthly stocks of deposits and 
credits at commercial banks 

• monthly index of number of 
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employees employees 

Net taxes  • monthly  weighted average of the 
indicators of all sections 

• quarterly dynamics of the GVA 
sum of all sections  (for taxes) 

• index of wholesale trade turnover 
value (for customs) 

• index of physical volume of 
agricultural production and the 
index of physical volume of 
services in railway and urban 
transport (for subsidies) 

 
 

Comparative analysis of indicators used for composite index and quarterly GDP 
calculations showed that the indicators can be divided into three groups: 

• The first group contains monthly indicators that are the same as one used for the GDP 
calculation and they are available 30 days after the end of the reference month. These 
indicators are used in the following sections: B, C, D, E, G (retail trade), I, K, M, N, O, P, 
Q, R, S and it makes around 56% of total GVA.  

• The second group contains monthly indicators, but available 75 days after the end of 
reference quarter. In order to provide monthly indicator in time for composite index 
calculation econometric models are used. These indicators are used in the following 
sections: H, J, and G (wholesale trade), and it makes around 17% of total GVA. 

• The third group contains only quarterly indicators, which must be disaggregated to 
monthly using appropriated related series. These indicators are used in the following 
sections: A, F and L, and it makes around 27% of total GVA. 

 

2.2. Weighting system 

Weights are determined by the share of GVA of each section, FISIM and net taxes in the 
GDP. At the begging, 2007 data were used as weights (2007 – base year). When  the 
observed period become more distant from the 2007 weights were less representative due to 
changes in production, consumption, the occurrence of new or disappearance of old 
products from the market, change of quality, etc. Solution is to change the base period in a 
way to include weights that represent better the current economic situation i.e. to update the 
weights every year. This means that for a current year the weights of the previous year are 
used. To obtain comparable series, applied is the method of chain-linking, where indicators 
in the form of indices are chain-linked and reduced to the selected reference year. The 
choice of the reference year does not affect the growth rate changes, as they always remain 
the same, regardless the fact which year is selected as reference year. According to Eurostat 
recommendations 2005 has been currently used as the reference year for the official GDP, 
thus it is also used for the composite index. 

The benefits of transition to the new weighting system are: 

• weights are representative, since potentially irrelevant weights from a year that is 
distant from observed period is not used any more; 
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• composite index calculation for the current year takes into account the latest available 
annual information; 

• elimination of subjectivity in the selection of base year. 
 
2.3. Benchmarking 

One of the improvements in the process of composite index calculation is benchmarking of 
monthly composite index to official annual GDP data. The benchmarking procedure 
provides adjusted monthly dynamics of aggregated economic activity under the limitations 
of annual GDP data. The Eurostat’s software – Ecotrim was used for this purpose.  
 
 
3. Analysis of results 
 
The composite indices, compare to the same month previous year, for period January 2006 
- December 2012 are presented in Table 2. 

Table 2. Composite index of economic activity, the same month previous year=100 

 2006 2007 2008 2009 2010 2011 2012 
Jan 105.4 108.5 107.5 95.9 99.2 102.9 98.0 
Feb 107.5 106.1 110.4 94.4 98.7 104.3 93.6 
Mar 105.8 107.5 104.6 98.0 100.5 101.8 101.8 
Apr 103.1 107.8 105.5 94.5 101.9 101.2 100.0 
May 105.3 106.4 103.7 95.1 100.7 103.4 99.8 
Jun 102.8 107.6 102.5 97.2 100.5 102.7 99.0 
Jul 104.2 104.3 105.9 96.3 101.0 100.4 97.8 
Aug 102.5 105.1 101.1 97.1 102.6 101.8 98.0 
Sep 102.8 102.8 104.3 98.1 102.2 99.8 96.4 
Oct 101.0 104.5 102.2 95.9 100.8 100.4 99.3 
Nov 101.0 102.0 101.3 97.5 102.2 100.7 97.6 
Dec 103.4 104.1 99.4 97.5 101.4 100.5 98.6 

 
In order to analyze reliability of the composite index as indicator of the monthly GDP, 
quarterly GDP based on monthly average of composite index is compared to the official 
quarterly GDP data.  

 
Table 3. Quarterly GDP based on composite index vs. the official quarterly GDP 

Quarter/year 

GDP growth 
rates based on 

composite 
index 
(1) 

Official GDP 
growth rates 

(2) 

 
Difference 
(percentage 

points) 
(3)=(1)-(2) 

Q1/2006 106.2 106.3 -0.1 

Q2/2006 103.8 103.9 -0.1 

Q3/2006 103.2 103.1 0.1 

Q4/2006 101.8 101.7 0.1 

Q1/2007 107.3 107.3 0.0 

Q2/2007 107.2 106.9 0.3 
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Q3/2007 104.1 104.0 0.1 

Q4/2007 103.5 103.8 -0.3 

Q1/2008 107.5 107.1 0.4 

Q2/2008 103.9 104.2 -0.3 

Q3/2008 103.8 103.9 -0.1 

Q4/2008 101.0 100.8 0.2 

Q1/2009 96.1 96.2 -0.1 

Q2/2009 95.6 96.0 -0.4 

Q3/2009 97.2 97.0 0.2 

Q4/2009 97.0 96.7 0.3 

Q1/2010 99.5 100.0 -0.5 

Q2/2010 101.0 100.7 0.3 

Q3/2010 101.9 101.6 0.3 

Q4/2010 101.5 101.7 -0.2 

Q1/2011 103.0 102.8 0.2 

Q2/2011 102.4 102.4 0.0 

Q3/2011 100.7 100.7 0.0 

Q4/2011 100.6 100.7 -0.1 

Q1/2012 97.8 97.7 0.1 
Q2/2012 
Q3/2012 
Q4/2012 

99.6 
97.4 
98.5 

99.4 
97.5 

? 

0.2 
-0.1 

? 
 

As could be seen from Table 3, the differences in the observed period were very relatively 
small. 

 
 
Conclusion 
 
The main role of the composite index is to provide data on monthly dynamics of overall 
economic activity, which is very important to policy makers because it provides more 
frequently data then currently available in the official statistics. This index presents the 
weighted average of monthly indicators of the economic activity in all sections of the 
national economy. The analyses of used indicators and obtained results showed that the 
composite index with a high reliability could be used as the indicator of Serbia monthly 
GDP.  
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Abstract  

    

National victimization surveys are an important statistical source to measure some 
aspects of national and regional well-being. The survey on “women safety” aimed to 
provide estimation of violence against women both within than outside their family, at 
national and for a sub-set of variables at regional level. In this work we exploit the 
possibility to widen information at a more disaggregated level by use of small area 
estimation methods. Use of police register data is considered as a potential auxiliary 
variable for the models. In particular, as the number of areas is limited we will consider 
Bayesian methods for variance components estimation in area and unit level models. 
Pseudo-EBLUP will also be considered as a potential approach to obtain bench-marked 
estimates at aggregated level. The latter results to be the best compromise for bias and 
variability reduction 
 
Keywords: mixed area models, unit level models, pseudo-eblup, crime rates. 
 
 
1. Introduction  
 
National victimization surveys are an important source of data to derive a complete 
picture of criminality and to provide statistics on crime that unveil unreported offences in 
police registers. In particular, the “Safety of Women survey”, which was held for the first 
time by Istat in 2006, was aimed at studying violence against woman,  surveying about 
25000 woman aged 16 years to 70 years old. The new survey will be taken during 2013. 

A two stage stratified sampling design was applied to select the sampling units. The 
households, stratified by region and type of municipality, were selected from a telephone 
list. After a household was contacted, a woman was randomly selected among the eligible 
persons within the household. The direct estimates of prevalence of sexual offences 
suffered by women during their lifetime are obtained at national and regional level, 
calibrating according to demographic characteristics of the sampling units such as age in 
classes, education and marital status, on the basis of household composition and type of 
municipality (dimension and metropolitan area). However, the number of sexual offences 
in the last 12 months are not enough reliable to be disseminated at regional level without 
some cautions. In this work, methods for obtaining prevalence estimation of violence 
against women in the last 12 months at regional level are taken into account. Our 
preliminary study is based on the data collected from the Safety of Women survey of 



2006, aiming to provide first information on the possibility to increase detail of 
information which can be obtained from the survey. 
First, the preliminary analysis of the regional direct estimators of the number of sexual 
violence experienced by women (total number, number of violence by author: partners 
and others) has shown that their coefficient of variations are in most cases too high, so 
that the direct estimates at this level can be released only with caution. The direct 
estimates are obtained through a Generalized regression type estimator, it is based on a 
standard linear model and can be expressed as an adjustment of the direct estimator for 
differences between the sample and population area means of the covariates inserted in 
the model (see e.g. Rao. 2003, Ch. 2). The GREG estimator, considered in this work, is 
based on the standard linear model id

T
ididy ε+= βx  where 

2)(      var 0,  )E( εσεε == idid and the estimator takes the following form  

w

T

si
idid

d

d
si

idid

d

d

dd

w
N

yw
N

Y βxX ˆ
ˆ 

1
ˆ
1ˆ GREG














−+= ∑∑

∈∈

                                     (1) 

with T
pddd XX ),...,( ,1,=X  vector of p  population mean covariates in area d and wβ̂  

denotes weighted least squares parameter estimates, with weights given by the inverse of 
inclusion probability ijw . 

In fact, considering the thresholds suggested by Statistics Canada (see also ESSnet on 
Small Area Estimation, report WP6, Guidelines and Recommendation), we have 
observed that, most of regional estimates are subject to a coefficient of variation (CV) 
higher than 16.6%, and of course this problem is more relevant for the offences classified 
by authors where in many instances we observe CV higher than 33.3%.  
 
Table 1: Areas  with CV% below 16.6, between 16.6 and 33.3 greater than 33.3 
VARIABLE CV<16.6% 16.6%<CV<33.3% CV > 33.3% 

Y1- Number of 
domestic offences 

- 11 10 

Y2- Number of 
offences by other 

- 20 1 

Y3- Total number 
of offences 

7 14 - 

 
Therefore, small area estimation techniques have to be applied with the aim of reducing 
the variance for the described target variables. In particular, model based estimators have 
been considered in order to improve the precision of estimates by borrowing strength 
among regions. For a comprehensive review of these methods we refer to Rao (2003). In 
this work we will focus on the first target, i.e. estimating regional sexual offences by any 
author in the last 12 months. 
 
2. Small area estimation methods  
 
In this section we first introduce notation and then the small area estimators considered 
for their application in the paper. Let a finite population U of dimension N be partitioned 



into D small domains (areas) of interest such that UU d
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characteristic of interest y is observed on a sample s; in particular, let yij take value 1 if 
unit i in small area d is a victim and 0 otherwise. We are interested in estimating the 
small area mean of y  given by .= 1
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Model based small area estimation techniques are based on explicit models that relate 
survey data or survey direct estimates from small areas to auxiliary data. In the unit level 
model individual survey data are required together with either unit level auxiliary data for 
each population element or at least population means of auxiliary variables for each small 
area. If unit level survey data are not available or enough relevant, an area level mixed 
model estimator can be implemented. Area level models require strong auxiliary data at 
area level, which should be available for sampled and non-sampled areas. Moreover, 
direct survey estimates and their corresponding sampling variance need to be available 
for each sampled area. The main methods experimented in this study are unit level model, 
area level model with estimation of variance components by both REML method and 
Hierarchical Bayes (HB) (Buelens et al. 2012). Moreover PSEUDO-Eblup estimator 
(You and Rao, 2006) are taken into account. 
The standard area level mixed model (Fay and Herriot, 1979) relates the direct survey 
estimates of the area mean of target variable y to area-specific auxiliary data: 

dd
T
dd eu ++= βXθ̂         (2) 

with dθ̂ direct estimates of the target variable dθ  for each areas of interest d, TdX  is a 

vector of known covariates, β  the regression coefficients, ( )2,0~ ud Nu σ  the area random 

effects with variance 2
uσ  and ( )dd Ne ψ,0~  the sampling errors with design variance 

dψ . Usually with this model it is assumed that the sampling variances are known. The 
BLUE estimator is given by: 
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where β
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 is the BLUE estimator of the fixed effect and )( 22
duud ψσσγ +=  the ratio of 

model variance to total variance. 

The standard linear model with unit-specific auxiliary variables, random area-specific 
effects and errors independently normally distributed (Battese et al 1988) is given by 
                                                                idd
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On the basis of the linear mixed model, BLUP estimator can be obtained minimizing the 
mean square errors among the class of linear unbiased estimators.  
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where  β
~

 is the BLUE estimator of the fixed effect and ( )deuud n222 ˆˆˆ σσσγ +=  the ratio 

of between area variance to total variance. Moreover dd  y x and  are the sample means 

respectively of the target variable y and the covariates  for area d; dX  is the population 

mean values for the covariates in area d. 
The BLUP depends on the variance components that in practical cases are unknown. In 
the frequentist approach 2eσ  and 2

uσ  are estimated usually by REML method and plugged 
into the BLUP estimator so that the EBLUP estimator is obtained. However, very small 
estimates of 2

uσ  can occur when the number of areas is small. In this case the EBLUP 
estimator gives too much weight to the synthetic regression part and too little weight to 
direct estimates, even in domains with large sample sizes. In order to avoid this 
inconvenience, Bayesian approach to inference can be used as an alternative. In this case 
statistical inference is done through the posterior distribution of the parameters, which 
depend on a model and prior distributions assumed on the model parameters. In this 
application normal linear models and improper uniform priors are assumed on model 
parameters β , log 2

eσ  (for unit level model) and for the ratio between variance 

components. The Bayesian estimates are calculated using the R package “hbsae”. 
The last estimator considered in this paper is the pseudo-EBLUP estimator proposed by 
You and Rao (2002) that combine the basic unit linear mixed model with sampling 
weights diw~  on the basis of the following aggregated model 
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The vector of regression parameters wβ  is estimated using the sampling weights 

associated to each units and it is given by  
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The estimator depends on the unknown variance parameters that can be estimated by 
REML method on the basis of the basic unit level model. Plugging these estimates into 
the expression of the estimator (7) the pseudo-EBLUP is obtained.   
With this estimator the potential informativeness of the design can be taken into account 
allowing design consistency as the sample size increase and can be also useful to avoid 
severe bias in the predictor of the variable of interest. Another important advantage is that 
this estimator allows achieving estimates that are coherent with the direct GREG- type 
estimates produced for less disaggregated areas. In fact the pseudo-EBLUP estimator 
satisfy the benchmarking property when the covariates are the same as those used for the 

calibration and if ∑
=

=
dn

i
ddi Nw

1

~ .   

 
3. Estimation of violence on women rate 
 
In this application, we will exploit in the area level model the use of extra auxiliary 
information at regional level which is available from administrative archives. 
Administrative data are total events of violence reported to the police and not victims, so 
administrative data overestimate the number of victims reporting violence. In 2006 only 
the total amount of reported sexual violence was available, but in recent years more 
disaggregated information by sex and age of the victim is provided to ISTAT, then for the 
future surveys on violence against women we will be able to exploit a richer informative 
set for small area modelling. 
An application of SAE methods in a similar context is given in Buelens B., Benshop T. 
(2011) for estimation of statistics on crime at police zone level. In their paper, it is shown 
that a hierarchical Bayesian area level model with the use of reported crime enables to 
reduce the confidence interval estimates by 40%. The use of hierarchical Bayes approach 
is suggested in order to avoid too low estimation of random effects variance arising in 
case of a small number of areas as it is in our study. Magnusson (2009) suggests the use 
of Poisson models for SAE estimation in victimization surveys as one considers very rare 
events.  
In the present work, the small area unit level mixed model has been specified by means 
of the same set of auxiliary variables which are used in the calibration estimator 
commonly implemented to yield the released direct estimates; whereas for the area level 
mixed model also the set of administrative area level data from registers has been used as 
covariates. A preliminary phase to assess the optimal model among the different ones that 
can be specified using different sub-set of the available covariates has been performed. A 
variety of models belonging to the previous two types of small area model formalization, 
unit and area level, have been compared through measures of the goodness of fit in order 
to test how well the model fits the data. In particular, model selection has been carried out 
considering diagnostic criteria such as maximum likelihood, AIC, BIC, Conditional AIC 
(cAIC), and Cross Validation (CVal) to identify the relevant set of auxiliary variable. As 
model selection measure, cAIC is well -suited for small area estimation. It is relevant to 
inferences regarding the clusters, or areas, in the context of linear mixed. CVal method, 
instead, allows to test the robustness of the models, quantifying their predictive power by 
leaving out one or more observations when fitting the models, and subsequently assessing 



the model predictions for the left-out observation(s). It can be calculated (Buelens B., 

Benshop T. ,2011)  as  ( )2)mod(
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The preliminary analysis shows that for the area level model the rate of woman in classes 
[35,40), [40,45), [45,50) and the percentage of people living in metropolitan areas 
together with the registered number of offences are relevant for estimating the total 
number of offences. However the predictive power of the register crime is really small, 
this depends on the quality of this information. Indeed in Italy, as Istat survey in 2006  
showed, the 95% of victims of domestic violence (sexual) do not report it to the police, 
and 93% victims of rape by non-partners (also attempted) do not report it to the police. 
So less level of reporting can heavily influence the effectiveness of using reported crime 
rates for sexual violence as an auxiliary variable for small area estimators. This can be 
one of the reasons why such variable doe not seem very relevant in the small area model. 
Another reason can be related to the fact that some analysis on violence against women 
Istat data (Istat 2007) has shown that sexual crime rates in Italy referred to the last 12 
months, are related to the age of the victim, her marital status and at a lesser extent to her 
educational level. Therefore, considering such variables as auxiliary ones in the model 
could overcome the usefulness to insert also crime reporting to the police rates as 
auxiliary, as well. On the other hand, the age classes and the marital status have been 
selected for the unit level model. In both cases a large improvement in the reliability of 
estimates has been achieved, with unit level estimator performing better than area level. 
Though some evidence of bias has been highlighted by the graphical diagnostic measures 
(see Brown et al, 2001 and the report ESSnet SAE 2012, WP3, Quality Assessment). 
Once the covariates have been chosen, the following estimators are computed. The 
EBLUP and HB estimators based on unit level mixed model, the EBLUP and HB 
estimators based on area level mixed model, the pseudo-EBLUP estimator, that use the 
same set of covariates of GREG estimator and an hybrid pseudo estimator, that is a 
pseudo estimator calculated by plugging into the Pseudo-BLUE expression the HB 
estimates of between area variance component.  The range of the coefficient of variation 
of the estimator considered are:  15.13% - 31.79% for the GREG estimator; 8.74% - 
12.11% for the unit level EBLUP estimator; 8.45%-13.19 for the unit level HB estimator; 
10.23% - 20.57% for the area level EBLUP estimator; 9.62   % - 22.59% for the area 
level HB estimator, 9.37% - 14.56% for the pseudo-eblup estimator and 9.50 -16.59 for 
the hybrid Pseudo estimator. The table 2 shows the distribution of the coefficient of 
variation using the proposed estimators. 
 
Table 2: Distribution of the CV% of the estimates in the small areas of interest 
 GREG Eblup  UL HB. UL Eblup.AL HB. AL PS PS.B 
Min.    15.13 8.74 8.45 10.23 9.62    9.37 9.50    
1st Qu. 16.57 9.45 9.32 12.10 11.86 10.15 10.67    
Median 18.47 9.71 9.68 12.87 13.22 10.82 11.65    
Mean   19.55 9.99 10.00 14.12 14.03    11.12 11.97    
3rd Qu 22.11 10.52 10.69 16.42    14.86 11.73 12.76    
Max.    31.76 12.11 13.19 20.57 22.59 14.56 16.59    

 



The figure 1 shows the box plot of the CV% of the estimates computed using the 
different estimators. The dotted line specifies the level of CV of 16.6%. It shows that all 
small area estimators produce a good performance in term of coefficients of variation, in 
particular, the ones based on unit level mixed models. The HB estimates are less over-
shrinkaged than the EBLUP ones. That is because HB methods allow larger estimates of 
the area random effects variance than those by REML methods. For the unit level model 
the REML estimate of variance ratio is  0.0007567 while the posterior mean for variance 
ratio is 0.001182, for the area level model the REML estimate of variance ratio is 
0.0003879 while the posterior mean for variance ratio: 0.0007041. This implies that the 
HB estimates are less over-shrinkage than the correspondent EBLUP estimates, as it is 
shown also in figure 2, in which the dotted line is the direct estimate of the national 
mean. 
 
Figure 1: Box plot CV% of the estimates in the small areas of interest 

 
 
Figure 2: Box plot of the estimates computed with the different estimators 

 



 
This fact is further confirmed by Figure 3, in which the weights of the direct information 
are plotted in function of the sample sizes of the small areas. It is possible to see that 
values of gamma associated to the EBLUP estimators are always smaller than the values 
of gamma of the HB estimators. Therefore the EBLUP estimates based on REML 
estimate of  variance components are always closer to the synthetic estimates,  with 
respect to the HB estimates. This happens also for the pseudo-EBLUP estimator, in fact 
the hybrid pseudo estimator is less over-shrinkage than the pseudo EBLUP. The latter 
type of estimator has some very important properties. It allows preserving the design 
consistency as the sample size increases. Moreover, self-benchmarking to the national 
direct estimate is guaranteed, i.e. with this type of estimator, the national direct estimate 
of the total is preserved, unlike the other SAE estimators considered in this paper. There 
is also a reduction of the amount of bias with respect to the basic unit level model based 
estimators. In fact, the pseudo EBLUP applied in our context produce a sensible 
reduction of MSE, improving the bias of basic EBLUP. 
 
Figure 3: Weights of direct information in function of the sample sizes 

 
 
Figure 4: Comparison of SAE estimators respect to the direct estimator  

 
 



The figure 4 displays the model bias diagnostic results in case of model based estimates 
computed using the area level model, the unit level model and for the pseudo type 
estimators. Hypothesis test can be carried out to verify if there is a departure of the 
regression line, represented by the dashed line, from the line y=x, represented by the 
dotted line. The plots in the figure 4 show that the slope estimates for all estimators seem 
to be quite different from 1 and the intercept different from zero, except for the estimator 
based on area level mixed model. This implies a gretaer bias introduced by unit level 
mixed models. However, by definition the model-based SAE methods borrowing strength 
over areas introduce design-bias, therefore what we can say is that the pseudo type 
estimator seems to be a good compromise in term of trade-off between MSE and bias. In  
figure 5, the model based estimates are plotted against the 95% interval of confidence 
interval of the direct estimates, the grey area in each block. The dotted lines are the upper 
and lower bounds of the confidence intervals of the SAE methods applied in this work.  
 
Figure 5: SAE estimates of violence rate (%) respect to the correspondent confidence 
interval of direct estimator 

 
 
The estimates computed on the basis of the area level model are within of the grey area. 
Only one estimates, instead, is outside the grey area (the region 17) when basic unit level 
model is considered, while all the estimates computed by pseudo-EBLUP and Hybrid- 
pseudo are within the confidence interval of the direct estimates. This confirms the good 
performance of the pseudo- type estimator and as a consequence the importance of 
considering the sampling weights for the small area statistical inference based on unit 
level model.        
 
4. Conclusion and further work 
 
In this paper we study some small area methods, based on unit and area linear mixed 
model to estimate the prevalence of sexual violence against women in the last 12 months 



at Italian regional level. All the SAE methods allow reducing the confidence intervals of 
the estimates, but the estimators based on unit level model outperform the estimator 
based on area level model in terms of MSE. The area level model is adversely affected by 
a not good predictive power of the Italian registered offences, probably due to high dark 
figures of sexual offences. Very interesting is the performance of the pseudo-EBLUP 
estimator, which is important for bias reduction and because it allows to self-benchmark 
to direct estimate at national level. These findings will be stretched for the estimation of 
the violence against women classified according to the fact that the crime is perpetrated 
by the partner or not. Planned future work will be to focus on the area level modeling in 
the case further and better administrative area level covariates will be available. 
Moreover, since the binary nature of the target variable we will apply the small area 
estimator based on logistic model.  
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Abstract  
 

A fundamental process strictly related with the 15th Italian General Population and 
Housing Census was the contextual comparison between Census results and Population 
Registers. This is required by the Italian law and mainly used to review the Population 
Registers, as well as to determine the so-called “legal population”. In this paper we 
illustrate the main features of the web application that was specifically developed to 
support the Municipal Census Departments in all activities related with this complex 
process. Some statistics on the overall usage and effectiveness of the application are also 
provided and illustrated. Finally, we describe the underlying techniques used to perform 
all operations in online response times, more specifically the strategy to select the list of 
candidates (on which the similarity score has to be computed) as well as the main 
characteristics of the linkage module to compute the similarity score. 
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1. Introduction 
 
In the domain of the 15th Italian General Population and Housing Census, a particular 
importance was taken by the fulfillment of the contextual comparison between Census 
results and Population Registers. This operation is an integral part of the Census survey 
and is required by the Italian law to review the data in the Population Registers. 
Particularly, its completion is required to determine the so-called “legal population”, 
whose relevance goes far beyond the statistical aims of the Census. 
The comparison was carried out by the Municipal Census Departments (in Italian: Uffici 
Comunali di Censimento – henceforth UCC) at the end of the quality check of the paper 
questionnaires: as a family/households form was returned to the UCC premises, the 
municipal operators had to indicate the correct correspondences (as well as possible 
mismatches) between each component on the form and each individual position on the 
Municipal Population Registers (Liste Anagrafiche Comunali - henceforth LAC).  
In order to support this operation and to provide every UCC with a common standard 
procedure for the fulfillment of the Census-Registers comparison, ISTAT implemented 
an online web application, included in the Survey Management System (Sistema di 
Gestione della Rilevazione – henceforth SGR), which was used by the municipal 
operators to handle every phase of the Census survey. This web application allowed the 
UCC to easily identify and indicate the possible correspondences between the individuals 



enumerated by the Census and the ones present on the LAC. More specifically, three 
different cases may arise:  

• successful match between individuals enumerated by the Census and individuals 
on the LAC (even if the two archives may disagree on the address);  

• an individual is only enumerated by the Census (but has no corresponding 
counterpart on the LAC);  

• an individual is only present on the LAC (but she/he was not enumerated by the 
Census).  

The web application supports the UCC in this activity, by automatically suggesting 
certain and highly probable correspondences, based on similarity comparisons of 
household components in the two lists. 
The software application also supports the detection of Census duplications, i.e. 
enumeration of the same person more than once in the same municipality. This may 
happen for instance when the same Census questionnaire is returned both by means of the 
paper form and by using the online compilation and can be easily detected by exploiting 
the questionnaire ID.  
More difficult to detect is the case when the same individual is enumerated in two distinct 
Census forms, e.g. one for the actual address of her/his dwelling and the other one related 
to a different address where she/he is recorded into the Municipal Population Registers. 
In this case, due to response errors and other minor differences in key variables (e.g. 
caused by typos and misspellings), exact search would produce poor results and 
consequently string distance functions and probabilistic methods had to be used instead. 
At the same time, sophisticated filtering techniques were required to reduce the number 
of possible candidates to be compared, thus ensuring the required online (fast) response 
times. 
 
 
2. The Web Application for Census-Register Comparison 
 
As mentioned above, SGR (the Census Survey Management System) was designed as a 
workflow management system for the processing of all Census questionnaires, and the 
Census-Registers comparison can be considered as the final activity of this workflow. As 
for any other process activity, SGR provides the UCC officers with several online 
functionalities, enabling them to both manage and monitor the progress of all operations 
related to Census–Registers comparison, which were carried out on every enumerated 
individual. The integration of two specific capabilities makes up the most remarkable 
peculiarity of this web application:  

1. the computer aided validation of the questionnaires, including the interactive 
comparison between the Census data and the contents of the Population Registers;  

2. the contextual and automatic production of the individual lists, aimed to review 
the Population Registers, on the basis of the comparison results.  

At the end of the process, the Municipalities were immediately able to carry out the post-
census review of their Population Registers. Such operating method produced a number 
of benefits in terms of timeliness, data quality, transparency, homogeneity and costs. 
 
 



2.1. Managing and Monitoring the Comparison Operations 
 
The SGR online functions supporting the Census-Registers comparison activity, 
represented an important tool for all Census authorities, enabling them to perform the 
monitoring of all related operations, with different levels of detail (from the top level of 
the whole Country, down to the lowest level of census tracts). In particular, it allowed the 
operators to have an overview of many key figures and indicators, e.g. the number of 
individuals, families/households enumerated in each Census tract, and other parameters, 
such as the family composition or the nationality, useful for the interactive comparison. 
Likewise, the authorities in charge of monitoring the Census survey at Country level 
(ISTAT, Ministry of the Interior) could use the system to have accurate and complete 
reports at their disposal and continuously updated. In particular, two specific functions 
were devoted to this purpose: the ad hoc balances and the summarizing reports. The 
former enables the user to browse the data on comparison operations at various levels of 
territorial aggregation, while the latter provides some key aggregate data related to the 
process of questionnaire review by Municipalities. 
 
2.2. Computer Aided Validation and Comparison 
 
Since web questionnaires and paper questionnaires require quite different management 
processes, two different panels have been implemented in SGR for each of them. 
The former panel is used in the case of web-delivered questionnaires and an offline 
procedure was implemented performing an automatic linkage between the names in the 
list filled in by the citizens (the so-called "A-list") and the individual names present in the 
LAC (and thus expected for the same household).  
 

      
 
Figure 1 - (left) percentage of web-delivered questionnaires on total amount of delivered ones, by 
province; (right) percentage of surveyed citizens within web-delivered questionnaires, which were 
recognized by the automatic linkage procedure, on total amount of  surveyed resident citizens, by province. 
 



The analysis of the output shows that in 90% of the cases the automatic linkage was 
successful in combining the two lists, thus completing and closing the comparison 
process without requiring any further intervention by the operators. 
In the remaining 10% of cases, i.e. in all cases where the correspondence is not 
automatically determined for all the names in the household or where the linkage is not 
considered "safe" by the system, the questionnaires are highlighted with an appropriate 
flag on the web-panel. In this way, the operator is given the possibility to analyze the 
detailed data of the individuals, confirming or retracting the correspondences determined 
by the system. When the system fails to determine any correspondence and this is 
confirmed by the analysis of the operator, then the enumerated citizen is declared as 
"non-resident". Conversely, if a name in the LAC is confirmed to have no 
correspondence with those in the A-list, he or she is declared "untraceable". 
 

 
Figure 2 – Distribution of the residual 10% not automatically linked individuals on web-delivered 
questionnaires. 
 
The latter panel is used by operators dealing with paper questionnaires. Given a 
questionnaire ID, the panel lists the components for the associated household, as expected 
by the data on the LAC. This allows the operator to perform a rapid visual comparison 
with the A-list originating from the paper questionnaire filled in by the citizen.  
By simple clicks on the web panel the operator can mark the single component as:  

• "surveyed" if her/his name is present both in LAC and in the A-List;  
• "untraceable" if the name is listed in LAC but not in the A-List.  

Finally, if an individual is present in the A-List, but not in the LAC of the household, 
then a search function (using a similarity-based linkage procedure) supports the 
operator’s activity, by proposing a list of names, which are extracted from the LAC of 
other households and which are “very similar to” the personal data of the individual. By 
examining the proposed list the operator can decide to select one of the names and mark 
the individual as "enumerated at a different address" or mark her/him as "surveyed and 
non-resident".  
The system keeps track of all movements of individuals, thus preventing duplicate 
enumerations, i.e. the same citizen to be surveyed in more than one questionnaire. 
 



 
Figure 3 – Number of daily surveyed citizens (resident + no-resident +  untraceable) from Nov, 30th, 2011 
to Jun, 6th, 2012, with a maximum peak (about 2.800.000 citizens) on Jan, 27th, 2012. 
 

 
Figure 4 – Automatically surveyed individuals have been marked black, whereas individuals surveyed by 
operators have been traced in gray. The manual activities are concentrated in December – February, with a 
peak (about 1.000.000) on Jan, 19th, 2012. It is worth noticing that automatic elaboration is concentrated in 
the first part of this timespan, and it is possible to suppose that, by increasing the amount of web-delivered 
questionnaires, not only the amount of work performed by operators would be reduced, but also the linkage 
of surveyed citizens would be terminated earlier. 
 
The ad hoc balances is a further fundamental SGR monitoring tool to be used by 
Municipal Census Departments. Their daily refreshed data offers a view of the progress 



of the comparison activity, as well as an initial projection based on partial data. When the 
comparison activity of all questionnaires is completed, with confirmation of all 
respondents and  untraceable, the SGR application allows municipalities to formally 
declare the closure of census activities. From that moment on the ad hoc balances 
represent the final population as enumerated by the Census. Thus data for the Census-
Registers comparison is acquired at the same time as the municipality certifies them. This 
enabled ISTAT to disseminate the data on legal population in a very timely manner, 
shortly after the closure of the data collection process. 
 
 
3. Performing Linkage in Online Response Times 
 
As illustrated above, two fundamental functions of the Census-Registers comparison 
require a very efficient module performing record linkage. In the following we briefly 
illustrate the linkage module used by both functions and the technique to select the list of 
individuals on which the similarity score is computed. 
 
3.1. The Linkage Module 
 
This module is embedded in the web application and performs linkage among the people 
enumerated in the Census and those present in the LAC. The module uses a probabilistic 
methodology based on the Fellegi and Sunter (1969) approach, that requires, as input, 

two thresholds  (match threshold) and  (un-match threshold with  > ).  
For each pair of records to be analyzed the common attributes are compared and the 
single attribute score are then combined to form a global score r. If the r value is greater 

than  the two records are automatically linked. If the score is less than   the pair is 

excluded from further analysis. Finally if r is comprised between  and  the possible 
links require an explicit intervention by the operator, who has to confirm or retract them. 
In practice, the list of possible links is proposed in a specific page of the web application 
to complete the linkage process.  
More specifically, in order to assign the global score r, six attributes of the two records 
are considered: name, surname, gender, year month and day of birth. An approximate 
(similarity) comparison is applied to assess concordance or discordance for name and 
surname attributes, while the comparison is applied strictly for the other attributes. 
The outcome of the comparison phase is a 6-dimensional vector 

 . 

where the single components  can assume value 1 in case of concordance for the i-th 
attribute, and 0 otherwise. 
As described in the proposed model, we adopt as global score the frequency ratio  
defined as follows: assuming known the set M of the actual links (pairs of records that 
represent the same person) and the set U of the actual non-links, the frequency ratio r 

depending on   is defined as: 

  (3.1.1) 



where  is the probability of vector   for pairs in M and  is the corresponding 
probability for pairs in U. 

 
Figure 5 – Frequency distribution of pairs by m, u probabilities and likelihood ratio r 

 
It is clear that high values of score r correspond to a high probability that the pair is in M 
and not in U. As proposed in the Fellegi and Sunter method, under the conditional 
independence assumption for the six attributes, it results 

  (3.1.2) 
and 

  (3.1.3) 
 
When comparison is not possible because one or both records are not valued in an 
attribute, then the attribute is not considered for the calculation. This is equivalent to the 
following assignment: 

  (3.1.4) 
 

Then, assuming the parameters  and  are known, the global score r can be 

calculated only from . 

There are some techniques enabling the estimation of parameters  and  (that 
are known as marginal probabilities) even when M and U are unknown. 



As these techniques are generally time–consuming, the estimation was performed by an 
offline process using RELAIS (Cibella et al. 2008), an open-source toolkit that 
implements the EM algorithm to practically solve the Fellegi and Sunter problem. 
Finally, these parameters are passed as additional input to the linkage module and the 
global scores r can be computed very quickly, even for a significant number of records 
pairs. In this way adequately low response time could be assured for the web application. 
 
3.2. Selecting the List of Candidates for Linkage 
 
As described in Section 2.2, if an individual X is present in the A-List, but not in the 
LAC of the household, then a search function supports the operator’s activity, by 
proposing a list of individuals of other households in LAC and which are "very similar 
to" the personal data of X. Since the number of potential candidates is huge and 
incompatible with the required online response times, a preliminary filtering technique is 
used to significantly reduce the list of individuals on which the linkage procedure is 
applied.  
Conventional database techniques (e.g. indexes on name, surname and date of birth) 
could not be directly used, as they all assume exact matches, which would produce poor 
results on names (where typos and small misspellings are common). Therefore, the 
individual records in the database were preprocessed by an offline procedure to compute 
a "name code" and a "surname code" for each individual record in the LAC.  
In the first step of this offline procedure a normalized version of the name (and surname) 
is computed, e.g. by replacing accented vowels with the corresponding unaccented one, 
and consonants with diacritics (e.g. č, š and ž) with the corresponding ones without 
diacritics (c, s and z). More generally, the outcome of this step is a transformed version of 
the name constituted by only the 26 ASCII-standard characters. 
In the second step, starting from the normalized version of the name computed in the 
previous step, a 2-letters code is computed, constituted by its first two consonants, 
whenever possible, and possibly including vowels if the normalized name contains less 
than two consonants. These name and surname codes are added to each individual LAC 
record in specific, separate columns of the database table. 
Finally, the offline procedure builds some conventional database indexes on each 
possible combination of 5 columns out of the following 6 ones: name code, surname 
code, gender, day, month and year of birth. In this way any partial search, setting 5 out of  
the 6 possible values, is very efficiently supported by a highly-selective database index 
and the corresponding records can be retrieved in few milliseconds. 
This preliminary offline procedure is exploited by the online search procedure as follows. 
First of all, given the (A-list) individual to be searched, the codes of her/his name and 
surname are computed by the online procedure. Similarly to the offline procedure, 
accents and special characters are removed/replaced by the canonical ones to obtain a 
normalized version of the name. The normalized names are then used to compute the 
corresponding codes to be used by the database search function. 
In practice the outcome of the previous step is a 6-dimensional vector constituted by 
(name code, surname code, gender, day of birth, month of birth, year of birth) of the 
individual to be searched. This vector is used to extract the candidate matches from the 
database, where a candidate match is a record that has a match on at least 5 out of the 6 



values in the vector, e.g. that matches the name code, gender, day, month and year of 
birth, but possibly not the surname code. This search can be done very efficiently, by 
exploiting the highly selective database indexes built by the offline procedure and 
produces a reduced list of candidate matches (less than 100 in the worst case). 
Finally, this reduced list of candidate matches is systematically compared with the 
searched individual by using the linkage module illustrated above. It is worth noting that 
the score is computed using the name and surname in complete form (the codes are only 
used to pre-filter the set of candidates, and not by the linkage module). 
 
 
4. Conclusion 
 
In this paper we have described the main issues and solutions related to the process of 
comparing Census results (from the 15th Italian General Population and Housing Census) 
and Population Registers. We have illustrated the main features of the web application, 
which was specifically developed to support the Municipal Census Departments in all 
activities related with this complex process. One of the main challenges of performing 
these activities by using a web application was related to the conflicting requirements of 
good accuracy and low response times of the system. This was made possible by a 
sophisticated mechanism combining a linkage module to compute the similarity score 
with a very efficient strategy to select the list of candidates to be analyzed by the record 
linkage module. The overall outcome of the implemented solutions was shown to be 
definitely positive, in terms of quality of the record linkage process, reduced intervention 
by operators and timeliness, enabling ISTAT to disseminate the data on legal population 
shortly after the closure of the data collection process. 
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Abstract  
 
The Sponsorship on Standardisation is a strategic task force in the European Statistical 
System. The Sponsorship will advise the ESS how to pursue standardisation and 
integration. This paper contains work done thus far on four related areas: 

• the current state of the art of ESS standards, including a proposal on the definition 
of standard; 

• a proposal on the process of standardisation; 
• a framework for standards and standardisation; 
• a tool for the qualitative evaluation of merits and costs of standardisation projects.  

The Sponsorship will finalise its work in the second half of 2013 with recommendations 
to the ESSC. 
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1. Introduction  

  
 
In modern society, the demand for statistics is ever growing. At the same time, we have 
fewer resources to meet this demand. Our challenge as statistical institutes is to stay 
relevant to society and to keep providing quality statistics at acceptable cost. This calls 
for innovative and efficient approaches. 
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The last few years, new technologies and communication facilities have sprung up and 
are reforming the landscape in which we do our business. The rise of storage capacity 
and processing power is staggering; the amounts of raw data available are mind boggling. 

In order to benefit optimally from these developments, the production ways of statistics 
should be reconsidered. They should be based on common and standardised processes, 
transforming raw data into statistical products according to generic and commonly 
accepted information concepts. Reusable and modular building blocks are a prerequisite 
for flexible and cost effective production processes. International agreements may 
promote further harmonisation of production methods, processes and IT solutions. 

The community of statistical offices can be considered the Official information industry. 
Like any mature industry, it needs its own industrial standards. Standards are a tool for 
exchange and collaboration. As such they are very valuable in environments where 
different entities collaborate. On the one hand, they will provide a necessary foundation 
for exchangeability of production means among statistics producers. Moreover, 
duplication in different institutes could be reduced because solutions from one office can 
be applied in another without much trouble. Statistical institutes are already starting to 
acknowledge that it is becoming too expensive to individually maintain their own 
tailored production systems. On the other hand, standards will consolidate the use of our 
statistical products in the global information community, improving their accessibility, 
interpretability and comparability. 

The European Statistical System (ESS) has a long tradition in harmonising statistical 
products and regulating requirements within the different statistical domains. 
International cooperation has not put much effort on harmonizing production methods, 
processes and systems, however. In 2010, the highest ESS governance body, the ESSC, 
adopted a Joint Strategy1. This Joint Strategy envisages further integration of the ESS 
and states –among other things– that this will require more harmonisation and 
standardisation of statistical methods, of the IT infrastructure and IT tools, and of 
metadata. All of this will eventually lead to better quality and higher productivity of the 
statistical data processing. 

 

1.1 The Sponsorship on Standardisation 

The ultimate goal of perfect interchangeability of statistical production processes, 
methods and tools is far away and probably not realistic. What we can do, however, is 
move a long way in that direction and mark a point on the horizon. This is where the 
Sponsorship on Standardisation comes in. 

A Sponsorship is a high-level ESS task force, consisting of strategic managers, which is 
set up for a limited time in order to discuss a strategic issue and identify an approach and 
way forward. Over the past few years, ESSC Sponsorships have been established on 
subjects like Quality, Dissemination and on Measuring Progress, Well-being and 
Sustainable Development. These task forces are called Sponsorship because members 
invest some of their resources for the common cause. 

                                                 
1 ESSC 2010/05/6/EN - Communication from the Commission to the European Parliament and the Council 
on the production method of EU statistics – joint strategy paper 
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In 2011, the ESSC established the Sponsorship on Standardisation and approved its 
Mandate2. According to this mandate, the Sponsorship is created for a period of two 
years and is expected to 1) define the scope and the business case for ESS 
standardisation; 2) review the state of the art, identify barriers and propose remedies; 3) 
set up an action plan and mechanism for standardisation in the ESS; 4) liaise with 
external initiatives and actively involve stakeholders. Six EU Member States agreed to 
participate, together with Eurostat, in the Sponsorship: Germany, France, Italy, Latvia, 
Hungary and The Netherlands. The Sponsorship is co-chaired by Eurostat and The 
Netherlands, who also share secretarial duties. 

The core body of work by the Sponsorship was carried out during the year 2012. That 
work, emphasising the general ideas developed, is presented in this paper. It builds upon 
the preparatory work done by the ESSNet Preparation of Standardisation, presented in 
[ISI 2011 paper by Raoul Depoutot]. It is essential to share these ideas with a broad 
audience, in order to receive feedback and create support from subject matter 
statisticians, methodologists, information technologists, process designers and managers 
alike. 

Thus, the benefits of standardisation are linked to efficiency gains and quality 
improvement, but at the same time there are some caveats that should be considered. 
Excessive standardisation is counterproductive and can be incompatible with business 
strategies of stakeholders (e.g. Member States) or their national contexts. Moreover, 
standardisation requires significant investments. Costs and benefits could also be spread 
in an uneven way. Standardisation efforts in the ESS should therefore be carefully 
designed to address these issues. 

 

1.2 Structure of the paper 

This paper contains work on four related areas that is described in the next four chapters. 
In Chapter 2 the current state of the art of ESS standards is discussed. It is argued that in 
fact we should consider a slightly broader set of so-called normative documents, which 
ranges from strictly binding instruments like EU regulations, through standards and 
quasi-standards that are agreed upon by ESS partners, up to non-binding 
recommendations. In this chapter, it is also argued that the ISO definition of a standard 
can be adopted and interpreted for ESS purposes. Based on this definition, a list of 
normative documents including suitable attributes can be drawn up. A formalised process 
for setting and implementing standards currently does not exist in the ESS. Therefore, 
Chapter 3 presents a possible process, including the necessary formal bodies that should 
play a role in the standardisation process. The subject of Chapter 4 is a framework for 
standards. It aims to classify standards according to areas of interest inspired by ideas 
originating from business architecture. The underlying idea is that standardisation in 
some areas is easier, more cost-effective and more useful than in other areas. In order to 
assess merits and costs of standardisation in different areas we need some instrument. A 
quantified business case for each standardisation effort seems unrealistic. Therefore, in 
Chapter 5 we present a more qualitative approach based on a systematic SWOT analysis. 
In the final Chapter 6, the results of the core of this paper are briefly discussed and put in 
a broader international context. The concluding remarks also sketch a possible way 
forward. 
 

                                                 
2 ESSC 2011-09-04-EN Mandate of the Sponsorship on Standardisation 
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2. The state of the art of ESS standards 
 

This paragraph presents the results achieved so far on stocktaking of ESS standards: 

• Definition of fundamental concepts (normative document, standard, regulation) 
• Interpretation of these concepts in the ESS context 
• Definition of the set of criteria to be met by a normative document to be 

considered as a ‘standard’ 
• Draft list of normative documents 
• Structure of the proposed inventory 
• Comparison to similar inventories 
• Template for description of normative documents 
• Draft categories 
• Proposal for follow-up 

 
The keyword ‘standard’ is very broadly used in everyday statistical work, but it is also 
understood in various ways, as covering ‘proper’ standards, guidelines, policies, 
recommendations, current best methods, etc. To start a systematic approach one needs to 
clarify the concepts used (the overarching concept of normative document, the more 
restricted concepts of standard or regulation, etc.). An accurate register and repository for 
normative documents is necessary. Such inventory, open to the public, will provide 
knowledge and references to the standards adopted and used by the ESS. The inventory 
will help to identify the normative documents that fulfill the requirements to be 
considered a standard in the ESS. Moreover an inventory will provide useful feedback 
when starting the development of a new standard. At present there exists no formal 
system of ESS standards; as a consequence, the approach followed is broad. The aim of 
stocktaking of standards is to draw up an annotated and structured inventory of normative 
documents, including potential standards, that gives a systematic overview of the current 
state of the art, including an assessment of the quality and maturity levels of ESS 
normative documents compared to accepted definitions in the domain of standardisation. 
Identification of ‘white spots’, that is areas where standards are clearly lacking, might be 
considered facilitated by an inventory. 
The high resource-demanding nature of standardisation activities was clear from the 
beginning. So, at this moment, the work done concerning the inventory is limited to a) 
international normative documents actually used in ESS statistical processes and b) IT 
tools supporting statistics. Striving for completeness, additional potential standards 
(including technical ones) presently under development will also be included in the 
inventory. 
 
 
2.1 Selection and interpretation of the ISO definition of the word ‘standard’ for use 
in the ESS environment 

After thorough investigation, the ESSnet project Preparation of Standardisation (ESSnet 
STAND PREP 2011 WP1) proposed to use the ISO (International Organisation for 
Standardization) concept of "standard"; this proposal was approved by the Sponsorship 
on Standardisation. However, it proved necessary to provide a precise interpretation of 
the ISO definition of ‘standard’ in order to facilitate its use in the ESS environment.  
The ISO definition  (ISO/IEC 2004 page 12)of ‘standard’ reads as follows: 
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‘A standard is a document, established by consensus and approved by a recognized body, 
that provides for common and repeated use, rules, guidelines or characteristics for 
activities or their results, aimed at the achievement of the optimum degree of order in a 
given context.  Note: Standards should be based on the consolidated results of science, 
technology and experience, and aimed at the promotion of optimum community benefits.’ 
The concept of standard shall be analysed in relation to a related concept, the ‘normative 
document’. ‘A normative document is a document that provides rules, guidelines or 
characteristics for activities or their results.’ ‘Normative document’ is a generic term 
that covers documents such as standards, pre-standards3, regulations and others. One of 
the main differences between a standard and a regulation is the adoption procedure. ‘A 
regulation is a document providing binding legislative rules that is adopted by an 
authority.’  
The compulsory nature of a regulation entrusts existing persons or institutions with 
responsibilities, mostly with sanctions in case of non-performance. The implementation 
of standards is not mandatory but highly desirable. In this sense consensus (ISO/IEC 
2004 page 8) means general agreement, characterized by  

• the absence of sustained opposition to substantial issues by any important part of 
the concerned interests  

• a process that involves seeking to take into account the views of all parties 
concerned and to reconcile any conflicting arguments.  

Consensus need not imply unanimity. If needed, legal acts can prescribe mandatory 
application of the referred standards. However, currently there are a number of 
regulations which include the standards themselves, like classifications, nomenclatures or 
indicators. Once a clear procedure is in place to adopt standards in the ESS (see 
paragraph 3), the need to legislate standards will be less. In addition to standards and 
regulations the ESS makes use of a number of ‘other’ types of normative documents, e.g. 
code lists, templates or validation rules, which are provided for by Eurostat, but not 
adopted in a formal way.  
Concerning the concept of ‘standard’, the Sponsorship proposes the interpretation of 
standard in the ESS environment as presented in Figure 2.1. 

                                                 
3A pre-standard is a document that is in the adoption procedure, but the procedure is not finished yet. 
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Figure 2.1 Interpretation of the ISO definition of ‘standard’ in ESS environment 

 

According to the ISO definition the standards should be aiming at the achievement of the 
optimum degree of order in the mission of the ESS. The interpretation of this aspect can 
be based on the Code of Practice and any other document establishing the strategy of the 
ESS. 

The clear interpretation of the concept of standard requires a formal procedure of 
standardisation, nominating the recognised body and requiring consensus in the process 
(see paragraph 3 on the process of standardisation).  
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2.2 Proposal for minimum criteria for being a standard and process to establish 
which criteria are met 

There are many ESS documents available for the development of statistics in general: 
regulations, methodological manuals, handbooks, etc. Different concepts existed when 
they were developed. There is no direct correspondence between these concepts and the 
concept of ‘standard’ as defined above. 
Therefore, it is necessary to analyse each candidate document in detail to check whether 
the necessary criteria for being a standard are met. Fortunately, the chosen ISO definition 
is quite structured and offers a clear basis for such an assessment process. 
First, minimum criteria for being a standard in the ESS context were identified. Most of 
these criteria are related to attributes describing items (potential standards) in the 
inventory. For example, who adopted the potential standard, which body approved it, 
does it relate to production of EU statistics, etc. Other criteria need further, sometimes 
demanding, investigation like the identification of rules, guidelines and characteristics in 
the body of the document. 
The results of the assessment will be inserted as attribute of the item in the inventory. 
The pilot tests carried out gave rise to various concrete proposals for future standards 
management, e.g. in the future methodological manuals should clearly separate standards 
from the other elements of the manuals (introduction, explanatory notes, best practices, 
etc.). 
Some of these criteria need further, sometimes demanding, investigation like the 
identification of rules, guidelines and characteristics in the body of the document. The 
pilot tests carried out gave rise to various concrete proposals for future standards 
management, e.g. in the future methodological manuals should clearly separate standards 
from the other elements of the manuals (introduction, explanatory notes, best practices, 
etc.). 
 
 
2.3 Preliminary list of normative documents; structure of the inventory 

A preliminary list of normative documents has been compiled based on a) RAMON, 
Eurostat’s server for statistical metadata and b) a list of international IT tools used in the 
Hungarian Central Statistical Office (HCSO). 
The highest level of items to be included in the inventory will be the normative 
document. The different versions of the document will not appear as separate items, but 
as versions under the parent normative document. Example: NACE is a normative 
document with several versions; NACE Rev. 2 will be included as version. 
Various supporting instruments can be attached to a given version of a normative 
document; this supporting material provides additional information relating to the 
implementation of the normative document: e.g. a discussion forum, training 
opportunities, helpdesk, certification, etc. 
A template has been compiled with the mentioned attributes to characterise normative 
documents.  
For supporting instruments only the most important characteristics, name, type, 
description and availability are included in the template. 
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Figure 2.2 Structure of the intended inventory 

 

 
 
A template has been compiled with attributes to characterise normative documents.  
The attributes are broken down in the following categories: 

� Identification attributes (name, full name, short description and version). 
� Classification attributes (mapping of normative documents against relevant 

dimensions (e.g. for constructing a hypercube GSBPM x Domain). 
� Organisational issues (forums where the normative document was elaborated, and 

approved, validity dates, etc.). 
� Availability (contact to the owner and maintenance, language). 
� Links with other normative documents (with description of their nature in order to 

assess consistency between these documents). 
� Use of the normative document (which will inform about penetration in practice). 
� Assessment whether the criteria for being a standard are met. 

 
For supporting instruments only the most important characteristics, name, type, 
description and availability are included in the template. 

 

2.4 Comparison of similar existing inventories 

The analysis confirmed that the intended inventory is different in scope, purpose and 
contents from other similar tools, like GISS (United Nations Global Inventory of 
Statistical Standards)(Committee for the Coordination of Statistical Activities 2011), METIS 
(UNECE Metadata Concepts, Standards, Models and Registries) (UNECE 2011) and 
RAMON (Eurostat’s server for statistical metadata) (Eurostat 2013). The intended 
inventory offers a larger spectrum of metadata categories and the widest range of 
attributes describing the entries. The content is focussing on ESS. The inventory clarifies 
in what sense the document is a standard in the ESS. Template for the description of 
normative documents  
 
 

2.5 Draft categories of normative documents 

The interpretation of standards defined according to the ISO definition is far from trivial 
for statisticians. The intention is to use easily understandable categories of normative 
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documents, designated in terms used in practice by statisticians. At the same time the 
consistency with the ISO definition has to be kept (in the background there should be a 
link between the statistical types with the ISO types). It is not intended to provide a 
systematic classification, but to indicate some common types only. The statistical types 
cover categories such as guidelines and principles, classifications, code lists, vocabulary 
and glossary and thesauri, statistical products, methods, IT tools. These can be used as 
labels allowing more than one classification as the categories are not mutually exclusive. 

The proposals were tested set of different types of potential standards. One of the lessons 
learned so far is that the involvement of subject-matter experts in the work is important. 
They have the necessary information to properly document and assess the normative 
documents in their respective professional fields. 

 
3. A process for setting and implementing ESS standards 
   

The integrated production of European statistics (COM 2009) needs a set of tools, 
normative documents; standard is only one of them. The normative document provides 
rules, guidelines or characteristics for activities or their results. It should be always 
considered, that for the given purpose which the most convenient tool is: regulation, 
standard or other type of normative documents.  Only a consistent system of different 
tools assures smooth functioning. The setting of different tools follows different 
procedures. This section deals with the process for setting and implementing ESS 
standards.  

 

3.1 Standardisation process 

The standardisation process should provide guarantee on meeting the requirements of the 
ISO standard definition (ISO/IEC 2004 page 12): it should be “established by consensus 
and approved by a recognised body”. The basis of the proposal has been laid down in the 
ESSnet STAND PREP workpackage 2 (ESSnet STAND PREP 2011). We have taking 
into account practice of standardisation bodies (ISO 2012, CEN 2012, EU 2012) and 
experiences (Blyth 2012, Com 2011). Figure 2 below presents the proposal for a 
standardisation process that can be used for setting and implementing ESS standards. The 
process consists of five main phases, each contains a number of activities. It describes the 
full lifecycle of a standard and is cyclical, i.e. a standard may become obsolete and then 
needs to be replaced by a new standard. 

The key turning points of standards' lifecycle are:  

• start of development based on a decision approving the need,  

• the ratification/approval of the newly developed standard, 

• withdrawal.  

 
These crucial decisions should be formally approved. 
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Figure 3.1 The standardisation process 

 

The standardisation process should be managed in a formal and structured way according 
to the principles listed below: 

� Consensus. Acceptance by consensus ensures that all views are heard and the 
resulting standard is generally agreed to by those involved. 

� Transparency and openness. Involvement of all parties ensures transparency of the 
process, and provides a public notice of a proposed standard in advance.   

� Balance means that no one group’s interest dominates the approach. 

� Due process ensures that anyone with a ‘direct and material interest’ has a right to 
express a position and to have that position considered (where necessary including 
the right to appeal). 
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The preconditions and infrastructure for a standardisation process are the following: 

 

A) Organisation and responsibilities 

The proposal is for the ESSC to be responsible for strategic issues and approval, and for 
DIME in close cooperation with the ITDG to look after managerial tasks. DIME could be 
supported by a steering group on standardisation and a secretariat. Tasks requiring special 
expertise can be delegated. Decisions on funding are made by Eurostat and Member 
States as regards EU and national resources respectively. The initiative of setting up a 
new standard can be bottom-up (e.g. it comes from working groups or NSIs) or top-down 
(e.g. it comes from the ESSC, Eurostat or a directors group).  

The stakeholders are identified and their role and responsibilities in the development and 
adoption procedure are assigned according to the characteristics of the given standard. 

The new standardisation procedure also has to deal with the transition. A set of potential 
standards currently in use has to be adopted formally as ‘standard’. A similar question is 
the adoption of standards developed by other organisations. In these cases a shorter 
procedure can be used, e.g. starting with the adoption phase. 

B) A standards repository (inventory/register) 

An accurate register and repository for standards and pre-standards (for which the process 
is ongoing) and an archive of standards withdrawn is necessary. Preferably – supporting 
the whole system this would be the core but integrated part of the inventory of normative 
documents.  A previous section gave detailed information on this. 

The inventory provides background information on related normative documents when 
starting the development of a new standard. The key turning points of the lifecycle of 
standards are registered in the inventory. Finally the approved standards are registered in 
the inventory and information on them kept updated even until the withdrawal. 
 
 
3.2 The standardisation process as part of the system 

The formal process of standardisation is intended to be an integrated part of the system. 
The strategic bodies are supported by the results of the analysis of the inventory of 
normative documents as state of the art and the vision of the future described as scenarios 
by the architecture. Based on the strategy they can initiate the development of new 
standards. In the same time the subsidiarity is not threatened as the right of bottom-up 
initiatives is assured as well. SWOT analysis can support the decision process. The 
inventory is closely linked to all main steps of the process as described above. 
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4. Towards a Framework for ESS business processes integration and 
standardisation 

 
 

4.1. The need of an Enterprise Architecture approach to foster the change 

One of the most relevant obstacles to the success of such an ambitious project as 
standardization and industrialization of the ESS lies in the fact that the ESS is presently 
characterised by multiple organisational models that tend to be incongruous  among 
organizations and sometimes within the same organization. The use of different 
vocabularies and terminologies can lead to conflicting descriptions.  

This heterogeneity of language and organisational approaches makes the dynamics of 
change unnecessary expensive and complex; it draws the attention to the need for the 
ESS to have a degree of common understanding and a common language in order to  
conceptualise both the given situation (“as is”) and the one to be reached at the end of the 
change process (“to be”) together. 

The description of the two states (present and future) allows to design a path towards the 
'to be' state in a more rational and measurable way, defining specific actions, involving 
different organizations, and human resources that need to interact within a shared view of 
a tangible progress. 

The scenario just outlined brings out the relevance of adopting an Enterprise Architecture 
(EA), which allows a standard approach for the representation and management of 
organisational changes. EA can be defined as the reference model by which an 
organisation operates and is structured to achieve its objectives, whereby each lower 
layer is governed by the higher one by means of a requirement chain and of modelling 
processes. In this way, it is possible to move from the level of conceptual representation 
to more and more operational and technological ones.  

An interesting example of this model in the reality of a National Statistical Institute is 
produced by the United Nations Economic Commission for Europe (UNECE, 2011); it 
underlines that the conceptual layer of the EA, usually denoted as Business Architecture 
(BA), plays a central role in a programme as complex as that of industrialisation and 
standardisation of statistical information production.  

The need to develop a BA model which could represent a framework to organise, 
prioritise and implement the integration and standardisation of ESS processes to produce 
statistics was immediately recognised by the Sponsorship on Standardisation.  

The framework should aim to cover the production and processes of both European and 
national statistics. The European organizations that are mainly involved are Eurostat and 
the National Statistical Institutes (NSI). However the framework should be able to cope 
with other European organizations like the EU Commission and UNECE. 

As stressed in Radermacher and Hahn (2012), ‘looking at individual production processes 
and grouping them into larger entities is not enough. All processes will need to be tackled 
in a holistic approach with a view to enabling their integration and modularity within the 
whole statistical authority, across statistical authorities and with international 
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organisations. Thus, there is a need to enlarge the scope of standardisation with meta-
processes — going beyond the GSBPM — that allow for a bird’s eye view on 
production’. The following picture illustrates the scope of a statistical ‘factory’. 

Figure 4.1. The statistical factory4 

 

 

 

4.2. An adapted approach to the definition of ESS EA 

A traditional "top-down" Enterprise Architecture (see Unece, 2011) approach creates, 
step-by-step, progressively more-detailed, future-state architecture contents, in line with 
the enterprise context. This traditional EA approach process produces highly prescriptive 
content that serves to guide a decision making consistent with the "master plan" 
embodied in the architecture. This approach can be successfully applied in organizations 
that are relatively simple. However, the ESS is a complex system/organization with 
multiple lines of business which operate in multiple geographies. Eurostat, the 
coordinating body of the ESS, does have neither the mandate nor the resources for 
defining a prescriptive top-down Enterprise Architecture at all ESS levels. An ESS EA 
should take into account the subsidiarity principle5and should be developed taking into 

                                                 
4 Inspired from Radermacher, UNECE HLG Workshop – Geneva – October 2011 
5Under the principle of subsidiarity, in areas which do not fall within its exclusive competence, the Union 
shall act only if and in so far as the objectives of the proposed action cannot be sufficiently achieved by the 
Member States, either at central level or at regional and local level, but can rather, by reason of the scale or 
effects of the proposed action, be better achieved at Union level. 
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account the autonomy of NSIs over aspects required to support the distinct needs of their 
national business. 

In this context, a federated approach to an Enterprise Architecture (Gartner, 2012), seems 
to provide an adequate framework to cope with the system complexity and with the 
specificities of the ESS.  The basis for the development of the federated approach is the 
definitions of a generic business process for which supporting services and capabilities 
are clearly identified. 

The model of management of the federated approach defines whether the business 
processes have to be kept distinct, or be consolidated or coordinated at the ESS level or 
possibly for distinct subsets of the ESS organizations.  

 

4.3. The choice of a reference model of the BA 

In order to fully develop a federated EA for the ESS, it is necessary to start from the 
definition of the Business Architecture which can be viewed as model for the conceptual 
description of statistical processes, that can be considered as common reference by the 
different ESS organizations. This kind of model allows finding an agreement on the 
definition of the different scenarios of integration: as for instance the role played by each 
organization, the level of autonomy; the common standards; the shared infrastructures, 
etc.  

In view of the current limitation of GSBPM, the model proposed here is a simplified 
version of the business process model of Central Bureau of Statistics Netherlands (CBS) 
(Bredero et al., 2009). The business process model clearly identifies 4 main business 
functions which are all relevant at ESS level highlighting the importance of the 
governance split into policy and management. It gives also more visibility on the design 
activities with respect to the production oriented activities in comparison with GSBPM. 
The design activities are particularly relevant and important for industrialization which 
requires standardisation and optimisation of processes. An industrialized process is based 
on the independence of the process’s implementation of the high competence of human 
resources (in statistical methods, ICT techniques and modelling of processes) involved in 
its design. The model has been used by CBS demonstrating its relevance for describing 
actual business process. In the approach proposed, the model does not separate business 
process for Eurostat and NSIs although the intensity of their respective involvement 
might differ significantly along the process.  This characteristic allows full flexibility in 
the design of scenarios of the different levels of integration allowing for instance the 
creation of centre of competence in a MS servicing the whole system. 

The 4 business areas defined in the CBS model are:  

• Policy: provides the frameworks for the control and organization of the statistical 
process. Policy products include regulations, agreements, strategy, etc.. 

• Design: provides the metadata that lays down specifications with regard to the 
functional organization and control of the statistical process. The products include 
designs, models, instructions, indicators and descriptions. 
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• Management: provides control so that the statistical process can be carried out. 
The products include schedules, quality standards, results, descriptions, progress 
reports, quality reports improvements and adjustments. 

• Implementation:  provides products to satisfy the agreed output. Products of 
implementation are databases, statistical products and descriptive metadata.  

Each Business Area is characterized by activities which transform the information objects 
in input into the desired information objects in output. If this transformation is not a 
purely technical change of format, some value is added in the information and thus the 
logical chain of the process may be viewed as a value chain. In this sense each activity 
defines an abstract business service which needs to be supported by appropriate solutions 
(services and infrastructures) for which different levels of integration are possible, 
namely, sharing standards, information sharing, replicated solutions or single instances of 
solutions. 
 
At this stage, the model retains the following main 18 activities: 

• Policy: Budgeting, Management of external sources, Policy lay down in relation 
to the process improvement, Capacity management. 

• Design: Determination of statistical information requirements, Designing of 
statistical products, Designing of data sources, Designing of the process model, 
Formulation of rules (of methods and processes). 

• Process chain management: Planning, Monitoring, Adjusting and adapting. 

• Process chain implementation: Data collection, Standardisation and verification, 
Linking, deriving and editing, Aggregation, estimation and integration, Disclosure 
control and making data publishable, Making statistics and Web 2.0 services 
available for fostering interaction with users and stakeholders. 
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4.4. The different scenarios of integration 

Starting from the conceptual model of integration, the following four scenarios can be 
devised based on four levels of coordination of the different ESS organizations: (Gartner, 
2012): 

A) Autonomous: Business processes and systems are designed and operated without 
coordination with processes or systems in the ESS. This applies to those 
architecture components that are distinct.  

B) Interoperable: Coordination is through interoperability. The NSIs have the 
autonomy to design and operate their own solutions, as long as they have the 
ability to exchange information and operate together effectively by appropriate 
use of standards.  

C) Replicated: Coordination is through duplication. All NSIs have implemented 
identical business processes, solutions and information.  

D) Shared: There are common business processes, a single instance of a solution and 
information that is shared by all the bodies. This level corresponds to a fully 
integrated view of ESS. 

In such a federated approach, a possible (and arbitrary) integration pattern is represented 
in Figure 4.2. For each activity in the 4 business area, one has to define the part of 
supporting ESS common infrastructure and which scenario (A, B, C, D) is taken for 
implementing it.   

In particular the model should help to characterise the "as is" situation and the target 
situation or "to be state". Different approaches and different levels of integration can be 
chosen for different activities and business functions. For instance, the ESS 'as is' 
situation the ESS is characterised by a high degree of autonomy (scenario A) of NSIs in 
the management and implementation business areas. Interoperability requirements 
(scenario B) are at stake for the latest steps of implementation through for instance the 
use of SDMX for transferring statistical standards. Some instance of replicated 
infrastructure (scenario C) occurs when tools are shared across ESS partners (e.g. 
Demetra+ or EDIT building block). Finally scenario D is at stake for some well-
established common process for establishing the ESS work programme.  
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Figure 4.2. An architectural view of the business process for producing EU statistics 
and the supporting federated architecture 

 

 

 

 

 

 

 

 

In particular the model should help to characterise the "as is" situation and the target 
situation or "to be state". Different approaches and different levels of integration can be 
chosen for different business activities. For instance, the ESS 'as is' situation the ESS is 
characterised by a high degree of autonomy (scenario A) of NSIs in the management and 
implementation business areas. Interoperability requirements (scenario B) are at stake for 
the latest steps of implementation through the use of SDMX for transferring data sets. 
Some instance of replicated infrastructure (scenario C) when tools are shared across ESS 
partners (eg. Demetra+ or EDIT building block). Finally scenario D is at stake for some 
well-established common process for ESS work programme for EU official statistics.  

Since the abstract services are defined at level of business activity , the specification of 
the integration level and approach should be developed at that level. The scope of the 
paper does not allow giving a complete description of the different scenarios for each 
activity and thus we limit the scenarios description to the two examples presented in the 
Tables 4.1. and 4.2. below. 
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Table 4.1. Example of Different integration scenario for Budgeting in the Business 
Area Policy 

Budgeting (No correspondence with GSBPM) 

A. Each entities has its own project funding mechanism resulting in an 
uncoordinated set of projects run at ESS level optimising individual interests 

B. ESS members exchange information of respective funding and map them 
according to their contribution to the relevant "to be state". 

C. A part of the organisation budget is devoted to the funding of projects of ESS 
common interest according to a coordinated procedure  

D. This is on single EU budget for operating the ESS. 

 

As is situation : Part of EU budget is covering projects of common interest (ESSnets). A 
bottom up approach of project funding was principally used: most projects which met 
requirements received requested funding. 

Supporting infrastructures and standards (to be developed) 

Scenario Infrastructure, standard 

B 
"To be state" definitions and template for exchange of budget spending 
and mapping  

C 
A single procedure for allocation of budget to common interest 
projects 

D A unique process for financial planning at ESS level 
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Table 4.2. Example of Different integration scenario for Designing the solutions for 
the Business Area Design 

Designing the solutions (GSBPM Phase:Design) 

A. The design function is carried out at organisation level on the basis of organisation 
current best methods optimising process with respect to business requirements 
established in many cases at ESS level  

B. The design function is carried out at organisation level. The current best methods are 
documented for the most relevant domains at ESS level. Some constraints of 
operability (e.g. process output) are taken into account. The process design 
documentation is made available at ESS level. 

C. The design function is highly standardised: the set of ESS recommended methods is 
limited; ESS guidelines and template provide rules for the design of process that 
ensure compatibility with existing standards and metadata requirements; a central 
repository stores ESS processes; tools instance are available for most services . There 
is a well-defined governance ensuring the maintenance of the platform. 

D. The design function is operated at central level. Processes can be operated in a 
distributed way on a service based platform. 

As is situation:  in some areas ESS guidelines exist. They are based on a ranking of a 
limited numbers of options in view of quality improvement: the design function are 
operated at organisation level.  

 
Supporting infrastructures and standards (to be developed) 

Scenario Infrastructure, standard 
B Standard of Methods 
C Metadata model for designing processes 
D Central body for process design – Shared platform for process execution 

 
 
The framework needs certainly to be further developed and tested for its relevance in 
concrete situation.  The framework proposed will be successful if it enables the detection 
of good business case for standardisation and integration of ESS business process and the 
management of gaps.  It is one component of the architecture recommended by the 
Sponsorship of Standardisation to be implemented in the coming years. 
 
 

5. A SWOT analysis method for evaluation of standardisation scenarios 
On various occasions, for example at ESSC and PG meetings, there has been a clear 
demand for the business case to be provided for further ESS standardisation. In 
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particular, we need a tool to assess the relative merits and costs of the main investments 
for building the infrastructure necessary for the different scenarios proposed above and 
for comparing the impact of these scenarios on each of the previously described 
activities. This assessment involves many different factors, most of which are not easily 
quantified. In order to overcome these difficulties it would be useful to consider the 
categories (Strengths, Weaknesses, Opportunities and Threats) of a qualitative SWOT 
analysis. This SWOT instrument6 consists of two key components: 

A) A fixed list of concrete SWOT aspects to be assessed. Proposed aspects are: 

Strengths 
� Improved process and systems quality (less risk) 
� Easy development of new statistical processes and systems 
� Easy incorporation of new data sources 
� Easy incorporation of new dissemination channels 
� (Re)use of existing ESS standards, systems and/or approaches 
� Reduced personnel costs 

Weaknesses 
� Costs of development (one-off) 
� Costs of transition (one-off) 
� Costs of support and maintenance (recurring) 
� Loss of autonomy (enforced vs. voluntary standards) 
� Lack of flexibility (rigid standards) 
� Lack of room for differences between parties (e.g. national differences) 

Opportunities 
� (Re)use of standards, systems and/or approaches from non-ESS parties 
� Improved quality of individual data sets for strategic and other users 
� Increased consistency of data over statistical domains 
� Easier development of new statistical products 
� Reduced burden on respondents 
� Better communication with users and stakeholders 

Threats 
� Loss of identity for ESS partners 
� Proprietary standards that hamper cooperation with non-ESS partners 
� High entry costs for new parties 
� Lack of coherence with national (government) policies 
� Lack of synergy with other statistical communities (UN, OECD, …) 
� Lack of support from stakeholders/ funding providers 

B) A scale for scoring each aspect. We propose a scale composed of two factors: 
� Relevance. For example, the threat ‘High entry costs’ might be considered less 

relevant than ‘Lack of support’ (or vice versa). 
� Effect. For example, a scenario with a lot of law-enforced rules has a large impact on 

the aspect ‘High entry costs’. 

                                                 
6 The current proposal is based on a similar SWOT instrument by Kloek, Szűcs and Vereczkei (2011) 
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For each activity, relevance might be scored for every SWOT aspect on a scale from 1 to 
4, regardless of the scenario, while effect might be scored on a scale from 0 to 3 for each 
aspect depending on the possible scenarios. For a given scenario, the value of an aspect is 
the product of both factors. 

After fixing the SWOT aspects and scales, different standardisation scenarios/initiatives 
can be scored and analysed. For example, their relative performance can be compared. 
An important open question is at what level of detail the SWOT instrument should be 
applied. A too detailed level may require a lot of work without providing a lot of insight. 

A major strength of the SWOT instrument is that many aspects can be studied 
simultaneously in a standardised, but still flexible, way. The key weakness is that the 
approach is very qualitative and does not provide insight into the various cost categories 
of a standardisation scenario. An important opportunity is that SWOT results can be 
presented in an easy and intuitive way to stakeholders to give them a flavour of the 
directions taken. On the other hand, a threat is that the SWOT aspects can be criticised as 
incomplete or the SWOT scores considered arbitrary. 

It is possible to combine the SWOT instrument with more quantitative ways to present 
business cases for standardisation, for example by calculating ‘guesstimates’ of 
development and maintenance costs or expected efficiency gains. 

Lastly, the SWOT analysis should be carried out by the different organisations involved, 
and aggregated to a European business case, also identifying the underlying spread in 
merits and costs. 

This kind of approach can be adopted for building a business case both, for each 
innovation project and for evaluating the different scenarios. The second case must be 
assessed through the evaluation of each activity. 

To put in practice the approach above illustrated, we need to consider how to attach 
scores to each standardisation scenario to be analysed. A scenario with the structure 
currently proposed has three hierarchical levels: the scenario level, the business area level 
and the activities level. Scores could be attached to either of these levels. The most 
transparent strategy for scoring is probably the following 

0) Attach relevance scores to each SWOT aspect, taking into account that their relative 
values are balanced. 

1) Attach effect scores to each activity for a given scenario. This gives a fingerprint per 
activity. 

2) Aggregate activity scores belonging to a given business area (by simple addition or 
some sort of weighted addition) to end up with scores and an associated finger print 
for each business area 

3) Aggregate business area scores belonging to a given scenario (by simple addition or 
some sort of weighted addition) to end up with scores and an associated finger print 
for each scenario 
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4) The second and third step might be combined in a single step if scores for each 
business area are considered to be not useful. 

 
Of course, this analysis strategy requires a lot of scoring work: 18 activities organised 
into 4 business areas for each scenario, times 24 SWOT-dimensions. Moreover, there 
might be a need to introduce additional weights in steps 2) and 3) above. Simpler scoring 
strategies are to attach scores to each scenario, or to their business areas directly, without 
further breakdowns. 
In order to reduce arbitrariness, scores and weights might be constructed as averages over 
a group of people or they might be agreed upon in a negotiation process. 
After this quantitative part of the analysis is done it is possible to compare the 
performance of two or more scenarios. For example, aspects that discriminate between 
scenarios can be identified and it can be explained why they differ. 
As an example of 0 and 1 steps, let us consider the budgeting activity in the policy 
business area. Budgeting is described in the scenario A (as is – no integration) as “bottom 
up approach of project funding” and in D (to be – full integration) as “EU budget for 
operating the ESS”. 
 
 
Table  4.1. SWOT scores scenario A and D 
 

Relevance Effect Score Effect Score
Improved process and systems quality 1 1 1 2 2
Easy development of new statistical processes and systems 2 1 2 2 4
Easy incorporation of new data sources 2 1 2 2 4
Easy incorporation of new dissemination channels 2 1 2 2 4
(Re)use of existing ESS standards, systems and/or approaches 2 1 2 2 4
Reduced personnel costs (what if loss of efficiency?) 3 2 6 2 6
Costs of development (one-off) 2 2 -4 2 -4
Costs of transition (one-off) 1 1 -1 2 -2
Costs of support and maintenance (recurring) 1 1 -1 2 -2
Loss of autonomy (enforced vs. voluntary standards) 1 1 -1 2 -2
Lack of flexibility (rigid standards) 1 1 -1 2 -2
Lack of room for differences between parties (e.g. national differences) 1 1 -1 2 -2
(Re)use of standards, systems and/or approaches from non-ESS parties 1 0 0 3 3
Improved quality of individual data sets for strategic and other users 3 2 6 3 9
Increased consistency of data over statistical domains 2 0 0 3 6
Easier development of new statistical products 3 2 6 3 9
Reduced burden on respondents 1 0 0 3 3
Better communication with users and stakeholders 1 0 0 3 3
Loss of identity for ESS partners 1 0 0 2 -2
Proprietary standards that hamper cooperation with non-ESS partners 3 2 -6 1 -3
High entry costs for new parties 4 3 -12 1 -4
Lack of coherence with national (government) policies 1 0 0 2 -2
Lack of synergy with other statistical communities (UN, OECD, …) 4 3 -12 0 0
Lack of support from stakeholders/financers 2 2 -4 0 0

Weakness

Opportunity

Threat

Scenarios
Scenario A

Strength

Scenario D
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These scores can be represented by fingerprints as follows: 
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This simple graphic representation can already be a good tool to support strategic 
decisions. In the current situation, it is clearly shown that there are high level risks 
(negative bars) and low level opportunities (+6 is the maximum bar value). The full 
integration situation is more balanced than the current situation, and the most interesting 
point is that risks are mitigated and opportunities exploded. 
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6. Conclusion and way forward 

 

This paragraph contains concluding remarks on links with other initiatives and the way 
forward. 

 

6.1 Link with other initiatives  
 

The need for standardisation in statistics has also been acknowledged on a worldwide 
level. The High Level Group on Modernisation of Statistics (HLG) was established by 
the UN/ECE in 2010 and has received wide acclaim for its Vision and Strategy. 

As a first step to enable statistical organisations to move towards standardised production 
we need to find one another at the conceptual level. This is already a very high ambition 
which will take time. Models like the Generic Statistical Business Process Model 
(GSBPM) could help to define a common language. We are lost if we cannot 
communicate properly. 

It is obvious that the current version of the GSBPM is only a starting point which needs 
to evolve further, the same way common industrial standards evolve. This holds even 
stronger for its newborn companion the Generic Statistical Information Model (GSIM), 
for which a first version has been released in December 2012 under responsibility of the 
High Level Group on Business Architecture in Statistics (HLG-BAS). 

The difference between global initiatives and initiatives in the context of the European 
Statistical System is that the system offers a common legal environment and a structure 
for financing initiatives. The system offers sufficient opportunities for financing research 
and development projects, but instruments for financing structural tasks are largely 
lacking. 

 

6.2 Way forward 

 
Standardisation is a long-time effort. We have only just begun when the two-year 
mandate of the Sponsorship ends. The work of the Sponsorship tries to point out viable 
approaches, identifies issues and suggests ways to deal with them. Many issues, however, 
are clearly too big for quick and easy solutions. They will need continued attention. 

One issue that has already been identified is that of governance. Existing standardisation 
experiences show that a strong and dedicated governance structure is needed to oversee 
and manage the whole standardisation and integration process. Such a governance 
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structure currently does not exist within the ESS. A related issue is that of maintenance 
and support of standards, which also need a permanent ESS solution. 

Another issue is that of the business case for standardisation. Expected benefits and 
resources needed can be quite unevenly distributed among ESS partners. The SWOT tool 
presented here may help to identify apparent asymmetries. A one-size-fits-all solution 
does not exist, so we need to listen carefully to concerns from ESS partners and look for 
compromise solutions that are acceptable to all stakeholders. For example, we may have 
to develop new ways to share costs. 

The Sponsorship results presented here will be followed up in several ways. During the 
first half of 2013, discussions will be organised among ESS stakeholders. This should 
lead to a set of recommendations for ESSC discussion and adoption later in 2013. This 
may lead to future work on standardisation, both on strategic and operational levels. At 
the same time, the ESSNet on Standardisation has been established which will follow up 
some standardisation work on a more operational level, e.g. completing the inventory of 
standards that are currently in use in the ESS according to the directions given by the 
Sponsorship. Another important ESS initiative is the establishment of an implementation 
program for the ESS Vision mentioned in the Introduction. This program may also 
benefit from the Sponsorship work. 
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Abstract  
   

Current technology, such as smartphones and “apps”, allows time-use research to be set 
up in a completely different way. People usually carry their smartphone with them 
throughout the day, using it regularly. This means people can be reached more easily and 
in addition to survey questions additional data about the respondent can be collected. 
Members from the representative LISS panel in the Netherlands participate in a time use 
study using smartphones. Before this study several experiments were conducted to test 
the ability of respondents to participate in research with smartphones, both people with 
and without their own smartphone took part. It can be concluded both groups are able to 
participate in such a study, although there are some differences. This paper discusses 
issues and challenges in using smartphones in survey research. 
 
 
Keywords: new technology, survey research, panel 

 
 
1. The smartphone: a new technology for survey research 
    

Since 1975 The Netherlands Institute for Social Research/SCP has been responsible for 
time use surveys in The Netherlands. The most recent data were collected by Statistics 
Netherlands in 2011/2012 (CBS). In The Netherlands time use data are collected by using 
paper self-completion diaries and CAPI questionnaires according to the Harmonized 
European Time Use Survey (HETUS) guidelines (Eurostat 2009). Respondents report in 
their own words their activities, side-activities and with whom they are for a one week 
period in consecutive time-slots of ten minutes. After fieldwork the activities are 
manually coded by trained coders in fixed categories. Keeping such a detailed diary is a 
burdensome activity with risks of recall problems if the respondent is not completing the 
diary regularly during the day. Also response rates are generally not very high (43% in 
the 2006 survey, see also Abraham et al. 2006, 2009; Knulst and Van den Broek 1999; 
Stoop 2007; Van Ingen et al. 2009). 
 
Current technology, such as smartphones and “apps”, allows time-use research to be set 
up in a completely different way. Smartphone users have (almost) permanently access to 
this device, so respondents can report their activities at multiple times per day, resulting 
in less recall problems. This is compatible with the natural usage of the smartphones, as 
people tend to use the phone for short updates on news, send messages and check social 



network sites many times during the day. In addition, smartphones enable the collection 
of auxiliary data, such as the GPS location or usage of the respondents’ mobile phone at 
the time of the activities (see e.g. Raenato et al. 2009). Also other information can easily 
be reported. For instance, the person’s mood or shorter activities as media usage (twitter, 
text message, visiting social network sites) can be reported by a ‘beeping’ method 
(Gershuny and Sullivan 1998): at random moments during the day respondents get a few 
questions about their current mood (feeling happy, tired or stressed at this moment) or 
what kind of short media activities were performed over the last hour. Finally, all these 
kinds of data, including the time diary information, can be combined to give a full 
overview of the respondent’s time-use, behavior and well-being. 
 
 
2. Design 
 
Smartphone survey research is rather new. One problem is selection bias: those members 
of the population who don’t own a smartphone will be excluded. At present smartphone 
owners are a specific group of the general population (Fuchs and Buche 2009). A second 
problem is that different platforms (IOS, Windows, Android, Blackberry) require 
different methods to implement a survey (e.g. designing different apps). These and other 
problems have been tackled by SCP and CentERdata, a research institute associated with 
Tilburg University. In this new project time use data and additional data are collected 
through an app accessed by smartphones. 
 
CentERdata is the operator of the LISS panel (Longitudinal Internet Studies for the 
Social sciences); an online panel based on a probability sample of households in the 
Netherlands. A major advantage of data collection in the LISS panel is that a lot of 
background and substantive information is known for each panel member (see 
www.lissdata.nl). As part of an innovation project within LISS, smartphones were 
provided, on a temporary basis, to a sample of panel members who did not own one. The 
selection bias would be rather large if non-users were excluded: less than 25% of the 
LISS panel members in 2011 reported having a mobile device with Internet access. The 
provided smartphones for non-users were Android-based devices (Samsung Galaxy Gio). 
 
Time use research with a smartphone could be implemented by giving respondents access 
to a website compatible for smartphones. However, an important disadvantage is that 
auxiliary data as described above cannot be automatically registered and collected. In 
addition, the lay-out of websites and surveys will vary for the different devices, resulting 
in ‘mode’ effects. (Buskirk and Andrus 2011; Callegaro 2010; Couper 2010; Peytchev 
and Hill 2010). Therefore a special time use app was developed by CentERdata for the 
Android and later for the iPhone devices, because each kind of device needs a specially 
build app and these are the most frequently used by the Dutch population. Blackberries 
which also have a rather high penetration among the population were excluded from this 
study, since they operate in a very different way from most other devices, and usually 
have no touch screen and the screen is smaller.  
 



The time use app designed needed to be as similar as possible to how the regular time use 
data is collected. The app has several advantages compared to accessing a website by a 
mobile phone. The app should only be downloaded once and works also offline, which 
means that the respondent can fill in their diary everywhere at anytime, independent from 
network accessibility. Also the app ensure similar lay-out for the diary for different 
devices. Furthermore short messages can be shown by the app, reminding the respondent 
to fill in their diary or asking pop-up questions about the person’s mood or shorter 
activities such as media usage.  
 
The time use app consists of a diary in which participants can fill in their time use for 
each ten minutes intervals (identical to HETUS) in one of the 41 predetermined 
hierarchically ordered categories. These pre coded categories deviate from the HETUS 
guidelines (which prescribe open categories described by the respondents themselves), 
but they do take into account the same HETUS activities. To type each activity with a 
smartphone would be a time burden task for respondents, therefore a list with pre coded 
activities was used. If people doubted whether their activity matched one of the 
predetermined categories, they could find additional explanation and examples by an 
information button that was linked to the activity categories. Otherwise, there was always 
the opportunity to write down their activity in their own words, which was then coded 
afterwards. In the app a day overview can be entered in which respondents can see a list 
of all the registered activities. In this section it is also possible to change activities or add 
new ones. 
 
This app and the usability of the time use questionnaire have been tested in a series of 
pilots. Important issues were whether the app was suitable for whether there is an effect 
of this method of data collection and whether there is an influence of experience with 
smartphones on the quality of the data. The sample for the pilots was drawn from the 
TNS-NIPO panel and consisted of 50 panel members who owned an Android 
smartphone, 50 panel members without a smartphone (who temporarily were provided 
with an Android phone), and, in a later stage, 50 panel members who owned an iPhone. 
All three groups had comparable distributions of background variables such as age, 
gender, and education. 
 
The participants with their own smartphone (Android or iPhone) could download the app 
from a website, while for the provided phones the app was already installed. Both groups 
could watch a YouTube introduction movie about using the app (and the smartphone for 
non-users) and written manuals were provided. A helpdesk was available for (technical) 
queries via the app. The respondents were asked to complete the time use app during two 
days, one weekday and one weekend day. Each day started at 4.00 a.m., and respondents 
had to complete 24 hours in ten-minute time slots, thus following the HETUS guidelines. 
Respondents could complete the last hours of the 24 hour period until noon the next day, 
thus allowing them to register time such as spent on sleeping retrospectively. When the 
diary was completed, a few evaluation questions were asked about the specific 
characteristics of the day, for example whether it was a normal working day, whether the 
respondent was ill, on vacation, etc. After the tests a more elaborate evaluation 
questionnaire was sent to the participants and ten qualitative in-depths interviews were 



held among them, to learn more about the experiences and difficulties in using the app. 
These experiments helped improving the app for the consecutive main study regarding 
technical matters and usability for the respondents. 
 
 
3. Results  
 
The first pilot was held in November 2011. A total of 100 respondents agreed to 
participate in the time use study, half of them using their own phone, while the other half 
used the smartphone provided by CentERdata. In the end 46 smartphone owners and 47 
inexperienced users actually participated in the study during two days, namely a weekday 
(Wednesday) and a weekend day (Saturday). The demographics do not show significant 
differences between both groups. Table 1 shows the responses for both groups, 
interesting is the low number of completes for inexperienced users on the first day. After 
this first day all the participants who did not have a complete day got a reminder call, 
which helped in the completes for the second day. 
 
Table 1. Response numbers first pilot  

 
For the second pilot in March 2012, the same respondents were asked to participate 
again. A slightly updated version of the time use app was used; however there were no 
fundamental changes to the app that would affect the substantial results. In addition to the 
time use diary, the respondent also got seven notifications on the smartphone with 
experience questions: How do you feel? Happy, stressed and tired with the answer scales 
(slider) from not at all to extremely. These notifications were sent at random moments, 
only at the beginning of a ten-minute time use interval with a minimum of an hour 
between two notifications. Persons had ten minutes to fill in these questions otherwise the 
experience sample was recorded as a missing. Table 2 shows the numbers of responses 
for the Saturday. Smartphone owners have a slightly higher number of answered 
questions as compared to the inexperienced users. A reason for this can be that for 
smartphone owners their mobile is a more integrated part of their lives so that they spend 
more time in paying attention to it compared to the inexperienced users.   
 
 
 

Day 1: Wednesday  Smartphone-owners Inexperienced users  
Complete  40  27  
Partially complete  2  15  
No observations  3  7  
Never logged in  5  1  
Day 2: Saturday    
Complete  37  46  
Partially complete  9  1  
No observations  3  0  
Never logged in  1  3  



Table 2. Response on ESM questions 
Filled in Smartphone-owners   Inexperienced users  
7 total 2 2 
3-6 total 15 8 
1-3 total 11 10 
0 7 18 
 
After the first pilot an evaluation questionnaire was sent out. In general, respondents 
considered the app not difficult to use (see for an overview Table 3). Although the 
number of respondents are quite low, especially taking in account only the people who 
experienced difficulties, some findings are interesting to mention. An often indicated 
problem for both groups was that the time interval of ten minutes was too short. 
However, this is a general HETUS-guideline for time use surveys. Smartphone owners 
had more problems in finding a suitable category for their activities compared to the 
inexperienced users. Whereas inexperienced users had more difficulties in changing their 
activities in the day overview. The installation of the app was one of the most easiest 
tasks even for the inexperienced smartphone users.  
 
After the pilots ten qualitative in-depth interviews were held among the subjects. The 
overall picture was also that the respondents were quite positive about the study. Both 
smartphone owners and inexperienced respondents understood how the app worked and 
found it quite easy to use. Furthermore, the participants were positive about the 
instructions and the online video, especially the inexperienced users found it helpful. The 
same difficulties as in the evaluation questionnaire were mentioned. An often mentioned 
issue was about the technical problems that arose in the first experiment. 
 
Table 3. Evaluation questions 
How difficult was it to: 
(Easy, Neutral, Difficult)  

Smartphone-owners 
Difficult  

Inexperienced users 
Difficult  

Install + start app  2%  6%  
Fill in activities per 10 min  17%  14%  
Using the time wheel for long activities 
(sleeping & working)  

8%  11%  

Find a suitable activity-category  13%  4%  
Indicate with whom an activity was 
performed 

13%  9%  

Go back to day overview  6%  11%  
Change an activity in day overview  4%  16%  
Fill in day questions  8%  4%  
 
The quality of the data resulting from the time use app was evaluated by looking at the 
number of different episodes participants reported. An episode is defined as a continuous 
time period in which a respondent performs the same activity (and side-activity) with the 
same person(s) or alone (e.g. ‘partner leaves room while watching TV’ is a new episode). 
The general assumption is that the more episodes people report, the higher the data 
quality, in terms of a higher level of accuracy of the reported time use. The number of 



episodes was somewhat higher among the inexperienced respondents using the borrowed 
smartphone than among the experienced respondents using their own smartphone (Figure 
1). It may be that respondents using a borrowed smartphone felt more obliged to 
complete their diary accurately than participants who used their own smartphones. 
 

 
Figure 1. Number of episodes for days and user group. 
 
 
4. Discussion 
 
The number of people entering the web by mobile devices is growing, almost half of the 
Internet users in the Netherlands use a mobile device to access to the Web (Statistics 
Netherlands 2012). Smartphones will become a more important part of people’s everyday 
lives. The new way of using telephones in day-to-day life can open the way to a new 
method of data collection, in a way which is comparable to the development of the 
Internet as a new means of data collection during the last two decades. It will create 
opportunities for survey research on new domains and topics, and at the same time will 
introduce changes in the implementation of online surveys. 
 
The series of pilots showed that it is possible to conduct (time use) research with an app 
on the smartphone for both experienced and inexperienced users. Respondents are able to 
use the app as an instrument to register their time use. Some participants reported to 
experience problems with finding the relevant activities or considered the time intervals 
as too short, although the majority of the respondents were positive about the smartphone 
study and the usability of the survey-app. Some differences were observed in registering 
activities between smartphone owners and inexperienced users. Inexperienced users 
report more episodes during the day than the smartphone users. On the other hand 
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smartphone users responded to more questions in the ESM (Experience Sampling 
Method) or beeper-method.  
 
An important aspect in conducting data collection with smartphones is that the apps need 
to be extensively tested for technical issues and usability for the respondent before the 
main research is conducted. The evaluation shows that respondents mentioned most often 
technical problems in the first pilot. On the other hand respondents found the usability of 
the app clear and especially inexperienced users found the online video helpful in 
conducting the study. 
 
One of the problems of using smartphones in population studies is that not everybody has 
access to these devices. Although the coverage will probably increase in the coming 
years, it is not expected that the entire population will use mobile Internet access. This 
means that large coverage and selection biases could occur in studies which are 
conducted entirely by smartphones and which are intended to be representative for the 
general population (if no smartphones are provided to non-users). 
 
Based on the pilot studies and the app designed, we implemented the smartphone data 
collection in a larger and representative panel. This main study started in October 2012 in 
the LISS panel. The smartphone time use data collection will take one year. Each month, 
a different batch of about 170 respondents participates, resulting after 12 months in a 
total net sample of approximately 2000 participants. This will provide a better 
understanding in differences between smartphones users and inexperienced users. 
Furthermore it will be possible to compare the smartphone data collection with the 
traditional time use study using paper diaries, both based on the HETUS-guidelines.  
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Abstract  
     

Over the last few years, data collection agencies have gained experience with asking for 

linkage consent in face-to-face and telephone surveys; however, the same is not true for 

web surveys. Asking for linkage consent in a web survey raises important methodological 

questions, namely, what is the optimal way of asking for linkage consent that maximizes 

consent rates and minimizes consent bias? We addressed this question using a national 

probability sample of people living in Germany. Web survey respondents were asked for 

consent to link their survey data to official employment records. Respondents were 

randomly assigned to receive different wordings of the consent question. We found that 

when the consent request is phrased in such a way that emphasizes a particular benefit of 

linkage (reduced questionnaire and time savings) respondents provide consent at a higher 

rate compared to neutral phrasing.  

 

 

Keywords: consent wording, administrative records, leverage saliency theory 

 

 

 

1. Introduction  

     

In a recent set of experiments, Sakshaug, Tutz, and Kreuter (forthcoming) examined 

various features of an administrative data linkage consent request implemented in a 

telephone survey. The features included the placement and wording of the consent 

question. In the placement experiment, respondents were randomized to receive the 

consent question at either the beginning or at the end of the interview. Contrary to 

conventional wisdom, linkage consent rates were found to be about 10 percentage points 

higher when the consent question was asked at the beginning versus at the end of this 

telephone survey. In the wording experiment, a particular benefit of linkage was read to 

respondents during the consent request: time savings. Respondents were told that data 

linkage was being requested in order to “keep the interview as short as possible.” Against 

their expectation, the authors found no effect of this wording on consent rates. 

 

One explanation of this null finding formulated by the authors was that the wording 

experiment was confounded by interviewer behavior or respondent listening. That is, the 

time-saving benefit phrase may not have been read by interviewers, or not heard (or 



processed) by respondents. Such processing errors are not uncommon in interview 

surveys (Tourangeau, Rips, and Rasinski, 2000; Sudman, Bradburn, and Schwarz, 1996). 

To overcome the potential for confounding, a purer test of this particular wording may 

therefore be better placed in a self-administered context (e.g., web).  Self-administration 

(e.g., paper, web) has the advantage that respondents can read the questions themselves 

and, if read, certain phrases can be highlighted better than controlling an interviewer to 

emphasize the wording (INSERT CITATIONS). Furthermore, web surveys, in particular, 

are likely to yield a stronger effect of this type of benefit wording as a respondent’s 

willingness to participate in web surveys has been shown to be sensitive to the length and 

duration of online questionnaire (Yan et al., 2011). 

 

To investigate this possibility, we replicated the wording experiment in a web survey 

using a stronger manipulation (self-administration and highlighting) to increase the 

likelihood that respondents will read the benefit phrase prior to making their consent 

decision. Identifying aspects of the linkage consent question that can be modified to 

improve consent rates in web surveys is a worthwhile objective as mixed-mode surveys 

(with web as one mode) and administrative data linkage are both considered cost-

effective strategies and are likely to be used in conjunction as data collection costs 

continue to escalate. 
 

 

2. Data and Methods 
 

We replicated the same experiment conducted by Sakshaug, Tutz, and Kreuter 

(forthcoming) to determine whether the time-saving benefit wording of the consent 

question increases respondents’ propensity to link their administrative records in a self-

administered context. We use data from a population-based web survey that randomized 

respondents to different wording conditions. The study, commissioned by the Institute for 

Employment Research in Nuremberg, Germany, was carried out by the LINK institute 

from February to April, 2012.  

 

A stratified random sample of 11,836 persons was drawn from federal databases used by 

the German social security administration (Oberschachtsiek et al., 2009). The sample 

represents the second replicate used in the telephone survey by Sakshaug, Tutz, and 

Kreuter (forthcoming). Both replicates consisted of persons drawn from three strata. The 

three strata were defined by various employment histories relevant to the main 

questionnaire content (but not to this experiment). The first stratum represents persons 

who received some form of income support within the last three years. The second 

stratum represents persons who had a recent unemployment spell and received 

unemployment benefits. The third stratum represents persons who were employed by at 

least two employers and never received income support or unemployment benefits during 

the last ten years.   

 

A paper-based advance letter was mailed to all sampled cases with instructions for 

accessing the web survey instrument.  The advance letter also offered the opportunity to 

call a toll free number to conduct the interview on the telephone. A total of 132 

interviews were completed by phone and these cases were excluded from the experiment. 



No special nonresponse follow-up procedures were carried out. A total of 1,092 

respondents completed the entire web survey for a response rate of 9.01 percent (AAPOR 

R1). Another 220 cases started the interview but broke-off early. We analyze the 

combined sample of completes (n=1,092) and break-offs (n=178) that received the 

consent question for a total of 1,270 respondents.  

 

Upon the start of the web survey, respondents were randomized to one of two wording 

conditions: benefit or neutral. In the “benefit” condition, respondents were presented with 

the following linkage request at the beginning of the survey (ENGLISH 

TRANSLATION):  

 

“To keep the interview as brief as possible, we would like to use for the analysis of the 

survey data parts of the data which are available at the Institute for Employment 

Research in Nuremberg, Germany.  

 

This is for example additional information of previous periods of employment, 

unemployment, and participation in active labor market policy programs during 

unemployment. In order to merge this data to the interview data I would cordially ask 

you to agree. Do you agree with it?” 

 

The benefit phrase “To keep the interview as brief as possible,” was bolded to highlight 

this time-saving benefit to respondents in the hope that they would read it. In the 

“neutral” condition, this phrase was omitted. Contrary to the null finding found for the 

telephone survey reported in Sakshaug, Tutz, and Kreuter (forthcoming), we hypothesize 

that this highlighted benefit phrase will have a positive effect on consent rates due to the 

fact that respondents have been shown to be sensitive to the length of an online 

questionnaire (Yan et al., 2011). However, it should be noted that the questionnaire is not 

shorter for this subset. All respondents received the same length questionnaire whether or 

not they provided linkage consent. The basic rationale behind the benefit wording is that 

high consent rates make it possible to shorten the overall questionnaire; thus, there is no 

ethical issue here. 

 

Respondents were assigned to the benefit and neutral wording groups with probabilities 

0.75 and 0.20, respectively. The remaining 0.05 proportion of respondents were assigned 

to a placement condition, where respondents received the neutral wording consent 

question at the end of the questionnaire. The placement results are not analyzed here due 

to small sample size and lack of statistical power. Thus the case base for our analysis here 

is formed by a total of 1,194 respondents with 961 receiving the benefit wording and 233 

the neutral wording. A larger portion of respondents was assigned to the benefit wording, 

because it was expected to achieve the highest number of consents, which was desirable 

for another (unrelated) experiment embedded within the survey (Felderer, 2012).  
  

We perform bivariate analyses to assess whether the wording experiment affected 

respondents’ willingness to provide consent. Consent rate differences between the 

experimental groups are tested using a two-sample Z-test. One-sided tests are performed 

because the hypothesis has a clear direction, i.e. the benefit wording will yield higher 

consent rates than the neutral wording. All analyses were performed using Stata 12.1. 



 

3. Results 
 
A total of 757 (out of 1,270), or 59.6 percent of, respondents consented to the data linkage 

request. The consent rates varied slightly but not significantly [χ2(2) = 1.91, p = 0.384] across 

strata, with 61.7% in Stratum 1, 60.2% in Stratum 2, and 57.4% in Stratum 3. About 31.9% 

(n=405) explicitly refused to give consent, 2.1% (n=26) did not understand the consent question, 

2.0% (n=25) answered “don’t know,” and 4.5% (n=57) did not provide an answer. All of these 

groups are coded as “no consent” in the analyses presented below.  

 

Table 1 presents the results from the wording experiment. The linkage consent rate for 

respondents who received the benefit wording was 61.6%. The consent rate for the neutral 

wording group was 55.4%. The 6% difference between the two consent rates is statistically 

significant (one-sided Z-score = 1.75; p = 0.040). That is, emphasizing a particular benefit of data 

linkage (time-savings) for respondents produced a higher consent rate relative to not mentioning 

the benefit at all.  

 

Table 1. Contingency table of consent by wording condition. 

Wording condition No consent 

(N; %) 

Consent 

(N; %) 

Total 

(N) 

Benefit 369; 38.4 592; 61.6 961 

Neutral  104; 44.6 129; 55.4 233 

Total (N) 473 721 1,194 

One-sided z-test statistic, 1.747; p-value = 0.040; Statistical power = 0.41 

 

A potential backfiring effect of making the time-saving benefit salient to respondents is 

that they may be more likely to drop out if they perceive the survey is taking longer to 

complete than it should. Table 2 therefore presents breakoff rates by experimental 

condition. The overall breakoff rate was 14.6%. The highest breakoff rate occurred in the 

benefit group (15.2%) followed by the neutral group (12.9%). These breakoff rates were 

not statistically significantly different from each other, indicating that adding the time-

saving phrase to the consent statement did not significantly increase the rate of dropouts.   

 
Table 2. Breakoff rates by experimental condition. 

Condition N Breakoff Rate (%) SE 95% CI 

Benefit/Beginning 961 15.2 1.2 12.9, 17.5 

Neutral/Beginning 233 12.9 2.2 8.5, 17.2 

 

4. Discussion  

 
In this study we assessed the impact of manipulating the wording of the linkage consent 

question on respondents’ willingness to give linkage consent in a web survey. We found 

that emphasizing the time-saving benefit of linkage in the consent request increased 

consent rates by about 6 percent on the web. This finding contradicts the result found in a 

similar experiment conducted in a telephone survey by Sakshaug, Tutz, and Kreuter 

(forthcoming). Finally, we found no statistical evidence that emphasizing the time-saving 

benefit of linkage results in a higher rate of breakoffs on the web. 

 



One possible reason why a significant wording effect was found in the present web 

survey, but not in a similarly designed telephone survey (Sakshaug, Tutz, and Kreuter, 

forthcoming) may be due to mode differences and/or differences in respondent 

composition between the two studies. To account for these factors, we combined the 

experimental data and performed a propensity score analysis. A logistic regression model 

of mode (web/telephone) was fit based on a limited set of demographic (e.g., age, sex, 

education) and employment variables obtained from the sample frame. All covariates 

were significantly related to the recruitment mode. Following guidance from Rosenbaum 

and Rubin (1983), five homogeneous propensity score groups were formed. We repeated 

the analysis of the wording experiment within each propensity score group and combined 

the results using the MatchIt software package in R (Ho et al., 2007). In this analysis, we 

found no significant difference between the benefit and neutral wording conditions. Thus, 

the null finding in Sakshaug, Tutz, and Kreuter (forthcoming) is unlikely due differences 

in mode or respondent composition, but may be due to other factors that couldn’t be 

controlled for (e.g., whether interviewers read the benefit wording script). Taken 

together, the results indicate that benefit wording may be more likely to succeed in a web 

survey than in a telephone survey, but more replication in the web context is clearly 

needed to assess the robustness of the wording effect. 

 

This study has some limitations. First, the results may not be generalizable to other 

populations, other consent requests, and questionnaire content studies because they are 

based on a sample of German residents who have specific employment histories. Second, 

no refusal conversion procedures were performed during the recruitment to this survey. 

While it is conceivable that more reluctant respondents have lower consent rates [see 

Kreuter, Tutz, and Sakshaug (forthcoming) for a discussion of this point], from a 

theoretical perspective we would assume that reluctant respondents are even more 

affected by time saving arguments and thus believe that the 6% difference to be a lower 

bound for the effect of wording. 

 

In conclusion, there appear to be advantages to highlighting particular benefits to 

respondents when asking for linkage consent in a web survey. Other surveys could 

highlight the time-saving benefit of linkage if they feel this could save long employment 

history modules. 
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Abstract  
 

The need for regularly updated and geo-referenced data and the operational complexity of 
the traditional census call for the greater use of administrative sources. In 2011 Istat 
moved to a combined census. After the positive results from the 2011 combined census, 
Istat is planning to shift to a continuous census based on administrative data from local 
and national registers. This paper describes the technological infrastructures developed 
for the 2010-2012 round of Italian censuses, with a view to their reuse for future 
censuses.  
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1. Census innovations  
 
The need for regularly updated and geo-referenced data and the operational complexity of 
the traditional census call for the greater use of administrative sources, given how often 
people leave geo-referenced “footprints” in administrative information systems. National 
Institutes of Statistics are making an ever greater use of data from such sources, using 
two approaches: 
 

• Register-based censuses 
• Combined censuses, developing various methodological approaches using 

different combinations of sources (such as full enumeration, ad hoc sample 
surveys or data from existing sample surveys) to supplement data from registers  

 
As a result, there is a diversification in the adopted census methodology, which makes 
classifying the various census methods more complicated than in the past. In 2011 Istat 
moved to a combined census and, unlike in the past, the questionnaire was sent to the 
households at the addresses registered in the municipality records. Having previously 
collected lists of names and addresses from municipal population registers in the Italian 
municipalities, 25 million private households and more than 50,000 residential 
institutions, accounting for a total of approximately 60 million people, were enumerated 
in the census by about 60,000 enumerators and 10,000 coordinators, organised in a 
network of 8,094 municipal census offices and 110 provincial census offices.  



The mailing out of questionnaires was performed by the national postal service. This took 
place over 6 weeks spanning the census reference date (8 October), beginning on 12 
September 2011 and ending on 22 October.  
Households could choose how to complete and return the questionnaire: online, using the 
password provided with the questionnaire; or on paper, delivered to post offices in Italy; 
to one of the municipality census collection centres; or to a municipality enumerator. One 
of the new features of the 15th Italian general population and housing census was the use 
of sampling techniques for the enumeration of some of the census variables. This was 
carried out through two questionnaire versions, a full form and a short form. Random 
sampling was used only for 486 large municipalities, where about one third of resident 
households received the full questionnaire and the remaining two thirds the short one. All 
households in all other municipalities received the full questionnaire. 
A fundamental tool adopted in 2011 Italian census was “SGR”, the web based census 
management system, supporting the census field work. SGR allowed real-time 
crosschecking of fieldwork and day by day monitoring of enumerators’ work, the rate of 
spontaneous responses for each collection channel and comparison of census data and 
register data. The availability of constantly updated information on the status of each 
questionnaire enabled enumerators to be directed only to those households which had 
received but not returned the questionnaire. The use of auxiliary lists from central and 
local administrative sources provided information on the presence of individuals still not 
enrolled in municipal registers. 
After the positive results from the 2011 combined census, Istat is planning to shift, from 
2016, to a continuous census based on administrative data from local and national 
registers, using sample surveys to keep coverage errors under control and fulfil the need 
for data not available from registers. This should significantly improve fieldwork 
efficiency and bring many benefits in terms of increased quality. A permanent local 
fieldwork unit would allow expertise to be retained and developed over time; lighter but 
continuous field work is expected to produce ongoing methodological improvement and 
gains in experience.  
The effects on financing are also positive. The demand on public financial resources will 
diminish over time and continuous operations might make service contracts more 
attractive and possibly cheaper than in an one-off operation. The yearly production of 
local data would also improve relations with users. 
Two different sample surveys (C and D) will be used in waves at crucial stages of a 
continuous process designed to achieve, separately, the two main goals of a population 
census:  
 

i) counting habitual residents and producing key data on the demographic structure 
of population and households;  

ii)  producing hypercubes of socioeconomic census data. 
 
The two surveys are very different in scope and features. The C-sample survey will be 
specifically designed to estimate and to correct the population structure on an yearly 
basis. It will comprise at least the demographic topics (sex, age, marital status, 
citizenship) included in the registers. The D-sample survey will be designed to estimate 
hypercubes of household and individual socioeconomic data, to meet national and 



international requirements. The main aim is to collect core topics not included in 
population registers, in compliance with EU regulations, but it will also meet user needs 
and provide more frequent updates, progressively removing the decline in accuracy over 
the decade. 
The rotating surveys will be paperless and carried out by enumerators on a sample of 
enumeration areas or addresses. This solution meets the general principles of a census: 
individual enumeration, simultaneity, universality, small-area data, defined periodicity. 
 
 
2. The Web as a tool to manage censuses  
 

Istat built a multifunctional web site to manage the different aspects of the 6th General 
Agriculture Census, the 15th Population Census and the 9th Business Census, including 
data collection activity, data entry, initial data checks and production of semi-provisional 
data, keeping in touch with the census network and communicating with people 
interested in the census. 
The web system consists of three web applications, the census management system 
(SGR), online questionnaire (QUOL), and online documentation for operators, integrated 
into a single platform. The context, the organisational model, the architecture and the 
main functions are described below. 
 
 
2.1. The census network portal  
 

The census network portal summarises in its name the aim and functions it is designed to 
meet: "portal" being the point of reference for all census info; and "census network" 
because through a secure password-controlled access point, it allows the whole 
organisation to obtain the support information needed during the census production 
process. For Istat this means local and central representatives, local census 
representatives and coordinators, and enumerators. 
The portal homepage is structured in three parts as a standard for visual census areas: an 
upper horizontal area contains the buttons to browse the portal, a vertical area enables 
detailed browsing and a work area displays the requested information. 
The horizontal area has two navigation bars which provide access to the following areas:  
 
Menu bar: An initial set of commands accessing functional areas, from left to right: 
 

• Organisation - contains a description of the network of local census organisations 
and provides access to detailed organigrams; 

• Tools - contains instructions on how to perform census tasks. In addition to the 
census questionnaire (downloadable and printable), this section also contains user 
guides divided into sections and documents that may help with the completion of 
some questionnaire sections (providing units of measure and codes); 

• Documents - contains official census-specific reference material. This section 
also contains official documents on related topics, such as main reference laws 
and protection of personal data, and papers improving the knowledge of the 
census context; 



• Training - contains training materials for the census network, including an 
interactive version of the questionnaire, user guides divided into sections and 
various slides on topics covered during classroom training sessions; 

• Glossary - explains the main concepts and terms used in census papers; 
• FAQ - gives the most frequently asked questions on the census survey network, 

along with standard answers. 
 
In the agricultural census training section, a specific web-based training tool has been 
implemented using DOKEOS, an open source online learning suite providing all the 
features needed for e-learning and blended learning management. User guides, completed 
sample questionnaires and tests have been included. A list of FAQs is provided and full 
background documentation on national and international legislative and technical 
materials has been uploaded to support operator activity. The web training course 
enhances the traditional classroom strategy by implementing a “cascade” training 
program organised according to the hierarchical structure of the census network, as it had 
to reach more than 10,000 operators working in different locations over a limited period 
of time. The main purpose of the web platform was to provide information about the 
scope and content of the census in terms of legal, technical and organisational aspects and 
specific hands-on training courses on the IT systems implemented for census operations. 
All census operators had the opportunity to take advantage of these training facilities: 
local Istat staff, regional census office operators and coordinators, and the enumerators. 
The main guidelines were provided by Istat’s central offices, along with instructions 
prepared by local branches.  
The second navigation bar is customised for each census. There is a link to the census 
management system in the upper right corner. This is the core system, available to the 
census network and to support various staff units during data collection, editing and 
validation and process monitoring, depending on the census. 
 
 
2.2 The census management system 
 
The features described above need some extra functions in addition to those normally 
necessary to monitor operations. These comprise synchronisation and data exchange with 
external systems; synchronisation with the web-based collection system; higher 
complexity of monitoring functions due to different questionnaires and their multi-
channel return; use of information to guide enumerators in their daily activity. A 
dedicated web-based application was set up to provide these. The application ensures 
maximum security during data transmission and storage, in compliance with the 
Institute's standard rules. The management system can be seen as a distributed workflow 
so that each operator can work independently, on the basis of a clearly defined procedure. 
This design also had to enable management of recycling in production processes (deleting 
questionnaires, changing status, reactivating checks, etc.), in particular to prevent 
problems that can only be solved manually by Istat. This operational procedure produced 
benefits in terms of timeliness, data quality and cost. 
The census management system became a standard for all three types of census, and was 
customised as little as possible. The software was standardised by modular organisation 



through the definition of so-called "functions": query and output mask layout; function 
menu creation; integration process with the online questionnaire available to respondents; 
creation of survey operation monitoring reports and creation and maintenance of a 
corrective data checking plan, which was part of the agriculture, industry and services 
census, but excluded from the population census system. Data standardisation involved 
the production of a unique logical data scheme focused on a table named "diary" to 
manage the working status of each questionnaire. 
The system includes functions grouped by type and organised into macro-areas. The 
following areas are the same for the three census types : 
 

• OPERATORS - enables the definition of survey networks and user profiles and 
the allocation of appropriate groups of questionnaires to enumerators; 

• SUMMARY REPORTS - includes a set of survey progress monitoring reports; 
• UTILITIES - includes a set of network support functions spanning the entire 

survey process; 
• QUESTIONNAIRES - includes all functions strictly connected to the 

enumeration (recording of the interview, data entry, data check, etc.) 
• SUMMARY REPORTS - includes functions showing tables of aggregate data on 

the collection process and summary data from variables needed to publish 
provisional data. 

 
In the population system, two specific areas were established with a set of functions:  
 

• CENSUS AND POPULATION REGISTER - allowing local administration 
agencies to compare and re-align citizens data collected by the census with those 
stored in local population registries; 

• CHANGES IN LOCAL POPULATION REGISTER - this area is dedicated to 
small municipalities (population less than 20,000), who can enter any changes in 
the local population registers referred to 8 October 2011 (the day before the 
census date) with respect to those as of 31 December 2011. Specific forms enable 
changes to be entered with reference to new households, households changing 
address within the municipality and households moving out of the municipality. 

 
 
3. The electronic questionnaires  
 
The online questionnaires for the Italian censuses were developed following an 
evolutionary path, with reuse of concepts, design patterns and software. Due to the very 
subject-specific nature of the questionnaires and the need to interface with census 
management systems, it was decided to design and develop all questionnaires in house, 
without relying on existing generalised software.  
The agriculture census questionnaire consisted of a highly sophisticated application, 
implementing a questionnaire with numerous numeric variables, tables and complex 
cross-checks. Rules for its completion were checked partly while the respondent was 
filling in the questionnaire and partly by a function performing a number of cross-checks 
that had to be passed in order to complete the questionnaire. The online questionnaire 



was fully integrated with the census management system, enabling real-time monitoring 
of progress. Most of the regional census offices decided to use the system to enter data 
from paper questionnaires into the census database. This allowed Istat to anticipate the 
data validation phase and to provide these offices with immediate feedback on possible 
inconsistencies, which could then be interactively corrected, still using the online 
questionnaire. 
The population census questionnaire (QPOP) was simpler than that for the agricultural 
census, but had a 10-times greater target population (2 million vs. 25 million) and 
attracted much more media interest. About 8.5 million families used the online 
questionnaire to answer the census, corresponding to more than 33% of returned 
questionnaires. Figure 1 shows the system load in terms of number of questionnaires 
received per week in the first 10 weeks of operations. 
 

 
Figure 1. System load in the first 10 weeks of census operations 
 
Given these conditions, performance, availability and security issues were the top 
priorities in the design and implementation phases. The overall system concept was 
maintained, with an online questionnaire interfaced to the census management system for 
real time monitoring of operations, but the design patterns and conceptual modelling 
were much improved. 
The QPOP system is based entirely on web technology and was available to all Italian 
families, who could access it through ID-password credentials, as discussed by Tininini 
and Virgillito (2013). Completion of the online questionnaire was generally considered 
easier than completing the paper questionnaire, as the QPOP user interface  automatically 
disabled questions that did not need to be answered as a consequence of the answers 
already given. Figure 2 shows an example of this feature.  
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Figure 2. Automatic management of completion paths 
 
Question 1.2 is disabled because the answer given to question 1.1 means that question 1.2 
does not need to be answered.  
The system design was driven by the need for scalability to millions of users in a 
relatively short time span, robustness with respect to use by inexperienced users and 
security with respect to the risk of malicious attacks. The design of the questionnaire 
structure was strongly metadata-driven, in that the business logic was entirely stored as 
metadata in the database, rather than “code cabled”. This also enabled the easy 
management of multilingualism, as the questionnaire had to be available in German and 
Slovenian, as well as Italian. The question texts, error messages and any other text to be 
used for user interaction was stored in all three languages in the database or other 
persistent resources, so that any last-minute change could be made seamlessly without 
modifying the source code.  
The same approach, and a vast amount of the same software code, was used to develop 
the online questionnaires for the business census. Three applications were developed, two 
for the company census and one for the non-profit sector, with a target of about 650,000 
units to be enumerated. To date, 582,000 questionnaires have been returned, of which 
70% online. 
 
 
4. Technological and Software Architecture 
 
For all the censuses, the entire system is based on a centralised framework, which 
enabled access and use to anyone with a personal computer or latest generation tablet, an 
internet connection and any web browser; no supplementary software or particular 
configuration was needed. Each subsystem has its own reference website, which could be 
reached using an URL on a web server. All sites use the HTTPS secure protocol and were 
developed using Java technology and standard development tools, while the network 
portal uses the Open Source CMS Typo3. The RDBMS is Oracle and is the main tool for 
data storage, due to its high reliability and extreme scalability. 
The system has a distributed architecture consisting of three independent logical and 
functional levels. Each level implements a set of functions, which are also available to the 
others, while hiding the implementation details: 



 

• a Presentation level, providing the system’s interface with the outer world, 
capturing data and showing results; 

• a Business Logic level, implementing the application’s operational logic; 

• a Persistence level, providing functions needed to interact with the database. 

 
These levels are physically deployed as follows: 
 

• Client: the users’ computers, which interact with the system through a browser. 
The interaction is performed by sending requests and receiving responses through 
the HTTPS protocol; 

• Application Server: the system’s core, providing the framework and support 
facilities needed to run the web application. Includes the Web Server, which acts 
as a broker of HTTPS requests and responses; 

• Data Server: provides the framework and support facilities needed to access a 
relational database through network protocols. 

 
We used a popular software development model to create complex web applications: the 
Model-View-Controller (MVC). This model enables an improved code structure through 
a clear separation of business logic, output presentation and client request processing. 
We also considered three main goals when creating the web application: 
 

• to reuse code as much as possible;  

• to ease developers’ team work by dividing the project into several independent 
components, assigning each one to a different workgroup;  

• to minimise code maintenance costs and accomplish new unplanned needs. 

 
The system activated strict security precautions to ensure: 
 

• data availability: service availability was ensured in such a way as to balance 
users’ accessibility needs with minimisation of downtime and the risk of illegal 
data access; 

• data integrity: information integrity was preserved to minimise the risks of 
illegal information deletion or modification due to errors or actions by 
unauthorised users or information loss due to system failures, fires, flooding, etc.; 

• privacy: privacy was preserved by minimising the risk that an unauthorised agent 
(human or software) might gain un/intentional access, ensuring that all access 
would be controlled through strict protective measures. 

 



Two structural features, data transaction testing and control, were added to these 
measures, allowing unique identification (e.g. through log and audit files) of system users 
and their operations. 
 
 
5. Geographical tools and use of administrative lists  
 

The greater reliance on administrative sources requires intensified quality evaluation and 
processing. In this scenario, new products created through the acquisition, processing and 
integration of data from multiple sources have a remarkable significance in the 
development of the basic infrastructure to move towards a continuous census. which will 
contain costs, reduce the burden on respondents, speed up the provision of information to 
users and aid policy decisions. The harmonisation of administrative sources is a 
prerequisite for the true interoperability of public information systems, coordination of 
administrative forms and the archives that are fed with them, and the methods and 
formats to be used for the exchange of data between administrations. 
According to the results of the last census, the under-coverage error of the local 
population registers referred to the census day was 1.2% and the over-coverage error was 
4%. To make administrative sources useful for statistical purposes, it is essential to 
ensure their compliance with quality requirements through continuous data quality 
control and correction.  
Istat is researching three kind of tools to counterbalance errors in municipal registers: 
 

• The integration of microdata from administrative sources on individual 
households and economic units 

• Sample surveys to estimate the quality errors in the municipality population 
registers 

• Improved geo-referencing using the national archive of geocoded addresses 
compiled during the last population census  

 
The bulk of this new approach is to move towards a quality checked economic and 
demographic database. The heart of the project is an integrated microdata system (SIM) 
of households, individuals and economic units. This is fed from numerous administrative 
sources, with links between individual records based on both a unique ID code and 
address geo-referencing. The integration of data items from various sources and the use 
of measures ensuring the protection of personal data will enable users to access files of 
microdata originating from several administrative sources, geocoded to smaller areas, for 
both longitudinal and cross-sectional analysis.  
To flag up people who not registered in the municipality records and make spatial 
information available at the unit level, 20 administrative or statistical sources, including a 
total of more than 400 million individual records, are integrated in the SIM. Data were 
linked through the unique individual tax codes. The topics in the SIM include household 
characteristics, place of usual residence (location of workplace, school, college or 
university), employment status , education, living and housing arrangements, etc.  
Archimede (archive of economic and demo-social micro-data) is an innovative database 
of microdata from administrative sources and statistical surveys, that can be accessed 



after quality checking and processing. All data, geocoded to enumeration areas, will be 
released in a respect of confidentiality. Archimede’s output will be shaped with precise 
reference to the need to provide public administrations, researchers and users with 
general collections of data referring to the most detailed statistical and area units (up to 
census and enumeration areas). Documentation concerning the sources, classifications, 
integration methods and data processing techniques will be made available. 
The infrastructure is an innovative central structure for the production of specific outputs, 
characterised by detailed spatial data on households, individuals and economic units. 
These outputs are defined by an analysis of the needs comparison of external users,  and 
evaluation of the quality of the entered information. The infrastructure uses geo-
referenced data from the SIM, which provides longitudinal and cross-sectional outputs 
that are useful for both micro- and macro-analysis, while respecting privacy and 
confidentiality issues. It will also overcome the historical dichotomy between economic 
and social analyses. The ability to analyse both the characteristics of an individual and 
those of his/her economic unit permits a level of analytical detail that was previously 
impossible. 
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Abstract  
    

This paper proposes new approaches to handle online statistical processes on huge and 
structured data collections in the context of web Censuses and Surveys for National 
Statistic Institutes (NSI). The recent experience of the first Italian Online Censuses 
enlightened some criticalities on the use of the standard three-tier web application 
architecture. Designing effort spent in the creation of web survey modular libraries could 
be exploited further, in order to expose similar functions among different statistical 
organizational units and within the whole public administration. In this paper we analyze 
the advantages entailed by the introduction of a Service Oriented Architecture (SOA) 
paradigm, intended as a set of principles defining the web interactions among loosely-
coupled and well-defined business units of work, services. This study is supported by 
several demos that show the feasibility of the proposed approach in a Statistical 
environment. 
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1. Introduction  
    

Starting from 2010 the Italian National Institute for Statistics (ISTAT) put a big effort to 
use an online Census Survey. During this period ISTAT collected: 

• 2 million forms for 2010 Agriculture Census. 
• 23 million forms for 2011 Population and Household Census (one third directly 

filled by citizens) 
• 800 thousand forms for 2012 Industry and Services Census (forecast because the 

Census is still ongoing) 
The micro-data collection and operation management systems have been designed and 
implemented as ad hoc Web 2.0 applications in the reported cases. In particular, the 
Institute developed distinct web applications sharing some functional requirements and 
data. The development was sometimes conducted together with external providers, using 
their own infrastructure (e.g. Poste Italiane Spa, Italian Postal Service). This experience 
lets the Institute evolve beyond in the development of web-based Census information 
systems, towards an open SOA architectural pattern, that could be applied in a rolling 
Census perspective. Currently, any implemented single Census web application was 



based on a closed web application whose internal services are not reachable to other 
applications. Such exploratory study is an ongoing work conducted in the Italian Census 
Bureau. The goal of this paper is to change the architectural paradigm of our web 346 
(451) infrastructure through an evolutionary, and not revolutionary, step in design and 
development of Census-oriented Web Services. Web Services are mostly used to open 
existing architectures and systems on specific points: they are optimal for reuse and 
centralization of some business rules. The proposed approach represents a smooth shift 
for the team already acquired skills. Security issues must be taken into account in such a 
context, in which sensitive data have to be exchanged. Exploratory practical demos have 
been designed to explore the feasibility and to detect critical points in such evolution.  
In subsequent Sections we will describe the technological and functional architecture of 
the Census operations management systems used in 2010-2012 Censuses. Afterward we 
will propose a possible evolution of such architectures in a service oriented manner, by 
exposing the advantages of it through practical cases of interests in statistical surveys. 
Finally the standardized technology Simple Object Access Protocol (SOAP), letting reach 
the  aforesaid objectives, will be presented. 

 
 
2. State of arts  
 

2.1. What is SOA: known advantages and criticalities 
    

“SOA is a software architecture that is based on the key concepts of an application front-
end, service, service repository, and service bus. A service consists of a contract, one or 
more interfaces, and an implementation.” (Krafzig, et al. (2005), p.57) “Service Oriented 
Architecture (SOA) is a paradigm for organizing and utilizing distributed capabilities that 
may be under the control of different ownership domains.” (Brown and Hamilton  (2006), 
p.8) Obviously, there are different interpretations of what the SOA is. The only common 
point is the service orientation, which itself is ill defined and mainly has the common 
point of using services.  
SOA (Papazoglou, M.P.  (2003)) is one of the most discussed application development 
architectures today for a variety of reasons: i) improves the agility of IT ii) maximizes 
efficiencies,  by employing component reuse techniques to reduce development times iii) 
leverages existing infrastructure and applications iv) supports and sustains shifting 
business requirements vi) use technology-neutral components and services vii) increase 
transparency between internally and externally sourced components and services.  
The conversion of a legacy application to web services is usually a slow process. In 
literature (Statistics NewZealand. (2010)) some criticism that have to be taken into 
account have been classified: i) An high degree of organizational change is required and 
usually it is difficult to establish new governance (successful SOA deployments require 
an eye toward best practices, as well as management tools, to be sure IT and business 
goals are met) ii) The software development capability is difficult to upgrade and 
maintain in-house. iii) The lack of standardization appears (every new paradigm requires 
more of it), while Standardization of services and data structures is vital. iv) At first, the 
benefits of re-usability are limited. v) Performance degrades with volume. 
The latter point may seem a very critical one, even if it is nowadays accepted a little loose 
in the user experience for maximum flexibility and cost efficiencies. Performance issue is 



a key element, which is studied in SOA literature, where it is stated that SOA brings with 
it an urgency to manage and predict the performance of service components. Performance 
is a central issue: i) for capacity planning: capacity management may be called upon to 
employ modeling techniques to predict application performance based upon results 
produced in smaller test environments. (Team quest. (2013)) ii) for fault detection 
mechanisms: while you have fewer components to manage, service delivery risks are 
greater due to component sharing. If one service component fails to perform as required, 
the impact is magnified. The need arises to identify existing services that fail to satisfy 
the functional or performance requirements for SOA-based applications (Hao-peng Chen. 
Cheng Zhang (2007), Yang Shuo. Hao-peng Chen. (2008)) iii) for service discovery: to 
locate alternative services that could replace existing ones and dynamically replace 
existing services during application execution (Hao-peng Chen. Can Zhang and Guang 
Yang. (2010)). Well established capacity planning methods, techniques and tools can be 
leveraged to manage the performance of individual services, such as logging-based 
instrumentation (Carolyn McGregor, Josef Schiefer, (2003)), or simulating the load on 
service interfaces by load testing in a similar way in simulating traditional web 
application performance (Almeida, V. A. and Menascé, D. A. (2002)). In (Chen and 
Zhang (2007)) an analytical model is proposed for facing performance issues. 
The listed elements should relies on an Enterprise service bus, for service management. 
In such scenarios technology components are just as important as the application 
development techniques. In fact, quickly developed applications are of little use if the 
infrastructure cannot react to growth just as quickly. The conversion of a legacy 
application to web services should face performance issues at first at single service level 
and successively at composed and shared service level. 
  
2.2. SOA in Statistics 
    

In statistical context, the ESSnet on COmmon Reference Architecture (CORA) 
(Scannapieco, et al. (2011)), which started on October 2009, has supported the 
development and maintenance of statistical IT tools for use by NSIs and other national 
authorities. The output of the project was the definition of a service-oriented layered 
architecture as a reference one. It is meant to contribute to simplifying the design and 
maintenance of statistical processes. In such perspective, a deep knowledge of the data 
and metadata is mandatory. This is a functional approach. This choice is inspired by the 
fact that the use of functionality for structuring the statistical process has been the object 
of many studies. The GSBPM is currently being adopted as an international standard for 
the functional classification of activities in the statistical process (Unece secretariat 
(2009)). In (Cora- Statistics Netherlands (2010)) it is stated that one of the possible 
implementations of this model could deploy a Service-Oriented Architecture (SOA). The 
choice of an approach to the implementation of the model lied beyond the scope of that 
document, where it is stated that "... It cannot be made without further research on the 
technical implications of the model". It is stated that it is possible that NSIs could agree 
on a statistical value chain that could be at the level of discrete web services. A topic such 
as “Other Advanced Analyses” could be subdivided usefully into further analysis 
domains and specific WSs developed for each. To the best of our knowledge a need 
arises for a systematic analysis of the technical implications of a web service based 
architecture. 



 
2.3. SOA in action 
    

A successful SOA implementation has been realized by Statistics New Zealand (SNZ) to 
support the needs of a Statistical Information Architecture. In (Statistics NewZeland 
(2009), Statistics NewZeland (2010)) Statistics New Zealand notices that even now there 
are not a lot of statistical organisations implementing SOA on a large scale, but statistical 
sector is “behind” compared with some other sectors like the Airline Industry. Statistics 
New Zealand has implemented SOA in data collection, in data processing and in data 
dissemination. The major difficulties which have been encountered by the SNZ in the 
three phases are: i) moving large amounts of data ii) reuse limited to single platform in 
processing iii) integration of data warehouse with output production (legacy) systems in 
the dissemination phase. SNZ declares an iterative development and stresses for a strong 
focus on use of standards. 
 
 
3. Censuses 2010-2012 in Italy: a technological and functional 
architecture   

 
The 2010-2012 Italian Censuses have been completed or are nearing completion. This 
Statistical survey system has been developed in Java by using mainly an action-based 
architecture (i.e. Struts2 Model View Controller MVC framework). This web framework 
allows isolating the HTML markup output of a given 
component into an underlying template, through User Interface (UI) components. The 
Census business rules have been managed through a service oriented framework based on 
the Inversion of Control (IoC) (i.e. the Spring framework), where the transactions have 
been managed through the Aspect Oriented Programming (AOP) module and therefore 
declaratively. Spring framework interacts with several Object Relational Mapping 
(ORM) implementations (in Istat experience, iBATIS SQL Maps in the Agricolture 
Census and Hibernate in Population and Household Census and Industry and Services 
Census respectively). Such architectural elements have been declares as a reference for 
NSIs in the context of COmmon Reference Environment(CORE) Project - Eurostat, 
(Scannapieco, et al. (2011), CORE (2013)).  
 
ISTAT identified self-contained modules in the design of the Census web-based 
information systems. An example of a functional architecture of Survey Operations 
System Management (SGR) is as follows: 

• Census operator management module, which let the creation of the operator 
network and hierarchy, by handling their credentials and roles; 

• Census questionnaire management and monitoring, by handling the state flow of 
each questionnaire. Such a module has to interact with the online questionnaire 
(which is a distinct web application); 

• Census summary report module, which shows aggregated data by using territorial 
filters. Such a module works on distinct relational tables, which are updated 
periodically; 



• Census Data module, which allows downloading in different formats the pre-
Census data (pre-loaded ones before the beginning of the operations) and the 
collected micro-data. 

The modularity in Census management functional and software architecture lets the 
Institute explore an evolutionary step towards a service architecture exposed via web. 
 
 
4. A web-based Census of services: a functional analysis  

 
In this paragraph we intend to define a possible classification on the set of web services 
that are meant to simplify the interaction among activities and actors in a statistical 
Survey. We define this kind of services as Census-oriented Services. As we already 
mentioned such architecture is designed to realize our needs of interoperability, 
reusability and flexibility. The modular infrastructure, developed during Censuses, is 
suitable to be easily re-engineered towards an open Service Oriented Architecture. We 
classify the services in our infrastructure into the following categories: i) Utility services; 
ii) Functional services; iii) Inter-operation services iv) Publishing services. 
An important aspect that we address in our approach is the use of services that expose 
complex type objects to wrap persistency. Other important aspects that should be 
supported in the proposed architecture are the following: i) Security for a single service: 
to allow the web exposition of Census sensitive data. ii) Security domains: to grant 
flexibility with respect to the different nature of each service. iii) Standardization of 
service technologies: to grant a practical usage of service technologies. iv) Customization 
client side: to easily satisfy usability and flexibility purposes. 
Aforesaid service classes will be detailed in the next sub-paragraphs. 
 
4.1. Utility services 
    

General purpose services, as for example utility services like "sending e-mail" support, 
validation of complex data like “addresses correction”. Web service technology gives the 
possibility to realize a dedicated system to manage the above examples. Such technology 
makes possible an enrichment of data normalization and geo-coding capabilities, by using 
powerful web services (e.g. Google maps web services). This approach may help in 
reducing errors and make the application more reliable.  
 
4.2. Functional services 
    

Requirement services are intended in an intra-organization perspective. In case different 
applications share identical functional requirements, the centralization and web-
exposition of these business rules may help in sensibly reducing development time and 
cost. As explained in the previous Section SGR has been designed in self-contained and 
loosely coupled functions, which may be easily exposed. Specifically, the online 
questionnaire and the SGR application have shared some functional 
requirements/business rules and data. They have respectively duplicated their 
implementations independently and duplicated their database mappings. By using 
services which are exposed via web, the business rules and the ORM mapping can be 



centralized in one point with advantages in terms of development times and costs, testing 
checking and maintenance of the resources.  
 
4.3. Inter-operation services 
    

Inter-operation services are intended in an inter-organization perspective. In each 2010-
2012 Census, interactions with different providers have been required. For instance, 
during the 2011 Population and Household Census the Institute had the need to cooperate 
with Poste Italiane Spa, an external provider on its 348 (451) own network. As before, the 
exposition of web services could have offered access to the data and to the shared 
functionalities in a way not dependent on environment, programming languages, 
Database (with the aid of web service technology, replication and fragmentation 
mechanisms for distributing database  may be designed and engineered for improving 
application performances, thus avoiding bottlenecks or single point failures problems), 
etc. 
 
4.4. Publishing services 
    

Download and reporting functionalities for 2010-2012 Censuses have worked on distinct, 
self contained and in some case periodically updated tables. In order to improve the 
performance a different Database could be used and services on these different 
repositories could be exposed via web and accessed by the main application. 
 
 
5. A web-based Census of services: a technological analysis  

 
In this study a web service working group has designed and implemented basic demos, 
which are based on the service architecture depicted in Section 3. Specifically, the Simple 
Object Access Protocol (SOAP) technology has been chosen for implementing statistical 
services. The continuous standardization carried out for SOAP web service technology to 
ensure interoperability and security is a key element in its choice. SOAP represents a 
concrete network protocol, while Web Services Description Language (WSDL) is an 
XML format for describing network services. The Java API for XML Web Services 
(JAX-WS) is an API for creating SOAP services. The Java Architecture for XML 
Binding (JAXB), which allows Java developers to map Java classes to XML 
representations, has been very useful when working with ORM objects. The 
customization of such bindings both client and server side has been important for easily 
working with persistent objects in demo implementation. Moreover, SOAP has been 
extended through WS-Security protocol, which specifies how integrity and 
confidentiality can be enforced on messages. WS-Security supports also security 
domains, thus letting a single web application to expose several services, each with its 
security policy. Web Services Interoperability Technology (WSIT) has been used for 
enabling advanced WS-* features. By using the above technologies, the implemented 
basic demos have exposed and secured a large set of 2012 Industry and Services Census 
business rules as web services (i.e. the Database interrogation platform has been offered 
as a service). Client web applications have been developed, which have managed the 
front end MVC framework and the remote calls to the web services. The communication 



towards web services has been conducted on a secure channel, through HTTPS, and the 
access by the client to a web resource has been subjected to symmetric username and 
password credentials.  
 
 
6. A web-based Census of services: sample use cases in numbers   

 
By using the architectural framework sketched in the previous Section, in this Section at 
first we outline some sample use cases which already convert ISTAT Industry and 
Services census operations management application to web services. Then, we report on 
an experimental setup, built on for evaluating a SOA implementation through SOAP web 
service technology. 
Three sample cases are as follows:   

• Web services supporting census systems may integrate multiple database easily in 
a single application. Specifically, the census management system is vertically 
integrated with an Oracle database and interacts with a MySql central database 
managing operators and their roles for access purposes. Such interaction is 
particularly active only when the census operators network is defined. 
Implementing the connection to the DB Server in a dedicated web service protects 
the application from any kind of failure happening in the DB Server and 
simplifies the failure discovery. 

• The management of census operations needs to access microdata. While a web 
survey application usually needs to write microdata, a monitoring reports 
application might need a massive read access to the data. Not to overload the DB 
Server different applications may rely on specific independent DB Servers (one 
for reading and one for CRUD operations) accessing them through dedicated web 
services. In such study we have implemented exposed endpoints in order to 
simplify the management of such scenario.  

• For what concerns the report management of a Census Information System, we 
explored the possibility of integrating different reporting technology  in a single 
application. In our demos we used different web services (that utilize Jasper 
report and Microsoft Service reporting) that can be interchangeably used 
according to the need of the client application. 

Open critical points of this conversion may be systematized as follows: i) detection of 
census operations metadata; ii) management of exceptions to be arised up; iii) 
management of huge quantity of data; iv) management of performance issues. 
In this study we focus on the fourth element. As stated in Section 2.1, for SOA-based 
applications it is definitely important to manage the performance of the components, 
applications, and systems that lie beneath the services abstraction. Based on the research 
in (Liu, H. (2009)) we explore analytical and technological instruments to compute the 
performance of a single service, as building block of more complex analysis to be made 
on composed or shared services. We evaluate the microdata download functionality 
implemented in a web application when: i) (case A) the download query is integrated in 
the main web application (for the next cases it is referred as the client application); ii) 
(case B) the download query is consumed through an exposed service from a server 
application by having already handled the service (instantiated service and port, stored in 



session) and by just managing the sending of the SOAP message and the 
serialization/deserialization of data; iii) (case C) the download query is consumed 
through an exposed service from a server application by managing both the handle of the 
service and the sending of the SOAP message and the serialization/deserialization of 
data. Specifically, the reported tests have been focused in the download of more than 
10000 records. In our experimental computation, we analyze the overhead of the SOAP 
web service handle and XML serialization/deserialization, moreover we evaluate the 
network latency impact in managing SOAP web services. Specifically, we evaluate two 
scenarios: i) without network latency impact, by having the client web application and the 
server web application (the one exposing web service) deployed on two different 
application servers on the same physical machine; ii) with network latency impact, by 
having the client web application and the server web application, exposing web services 
deployed on two different application servers on two different physical machines rely in 
ISTAT intranet (100 Mb/sec). In the two scenarios the response times and throughput in 
the three cases are reported in Figure 1 and in Figure 2, respectively. The scalability test 
has been run with an increasing number of virtual users making their request in 1 second 
(from the login up to the download action). The reported data have been averaged on 100 
repetitions of each test, where the number of contemporary virtual users has been fixed. 
When the throughput is stable even if the requests to the system are growing we have 
reached some bottleneck (CPU, network…).  

 
Figure 1 (A) Response times (ms) versus virtual users and (B) Throughput (request/sec) versus 
number of virtual users in 1 second 
By analyzing Figure 1, it is evident that the overhead introduced by the handle of the 
service and the serialization/deserialization of data is negligible, rather it seems that the 
de-localization of the service in a different application server on the same machine 
compensates the mentioned overhead.  

 
Figure 2 (A) Response times (ms) versus virtual users and (B) Throughput (request/min) versus 
number of virtual users in 1 second 



In Figure 2 we report on the same tests conducted when we deploy the web service in an 
application server in a separate physical machine with respect to the one where the client 
application has been deployed (second scenario). Experimental evidence let us assert that 
still the network latency in ISTAT intranet environment has not a relevant impact on 
performance when the technology implementing the SOA is a SOAP web service.   
Moreover, in (Liu, H. (2009), sec. 5, fig. 5.2) the XML web service consume has been 
modeled as a queueing system M/M/1. Such a model has been validated by Liu. By 
following Liu approach, we have used the well known formula of an M/M/1 system for 
estimating the CPU percentage utilization. We report this comparison in Table 1, in the 
first scenario and in the case B. When we have 1 virtual user the estimated % CPU 
utilization is 67,2%, versus 40% measured, with two contemporary virtual users the 
estimated value is equal to 96,6% versus a measured value of 89% and with three 
contemporary active users the estimated utilization is equal to 100% versus a measured 
value of 99%. Such model in literature is used for optimizing web service based 
environments (Liu, H. (2009), sec. 6).  
 
7. Conclusions  

 
This study wants to explore an open SOA for Census web-based information systems. 
Critical points have been listed for such Census-oriented services. Specificically, the 
impact on performance of the use of a SOAP web service for implementing a SOA has 
been explored. Experimental evidence let assert that such technology is for implementing 
Census-oriented services. The first results from the implementation of several basic 
demos show the effectiveness of our approach. Such results let interesting to continue in 
exploration and systematization of criticalities and benefits of a SOA implementation in 
the context of web Censuses and Surveys for NSIs. 
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Abstract  
 
The timely, accurate monitoring of social indicators, such as poverty or inequality, at a 
fine grained spatial and temporal scale is a challenging task for official statistics, albeit a 
crucial tool for understanding social phenomena and policy making. We advocate in this 
paper that an interdisciplinary approach, combining the body of statistical research in 
small area estimates with the body of research in social data mining based on big data, 
can provide novel means to tackle this problem successfully. Big data sensed from the 
digital breadcrumbs that humans leave behind in their daily activities mediated by the 
ICT’s are in fact providing ever more accurate proxies of social life. Social data mining 
from these data, coupled with advanced model-based techniques for fine-grained 
estimates, have the potential of providing us with a novel microscope for understanding 
social complexity. 
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1. Introduction 
 
 
Statistical methods and social mining from “big data” represent today a concrete 
opportunity for understanding social complexity. We present a research roadmap for the 
use of statistical methods combined with social mining, i.e., the methods for extracting 
information from the vast amount of data generated by human activities - the big data – 
aimed to improve our ability to measure, monitor and, possibly, predict social 
performance, well-being, deprivation poverty, exclusion, inequality, and so on, at a fine-
grained spatial and temporal scale.  
The rapid growth of the Internet and the Web, the easiness with which global 
communication and trade takes place, the ability of news and information as well as 
epidemics, trends, financial crises and social unrest to spread around the world with 



incredible speed and intensity – all these are examples that reveal the complexity of the 
global interconnected society we inhabit. The opportunity to observe and measure human 
activities by means of big data originating from ICT system we used every day seems to 
be an opportunity to scrutinize the ground truth of individual and collective behaviour at 
an unprecedented detail in real time (Giannotti et al. 2013).  
There are available sources of data that are  proxies of social behaviour along various 
dimensions 

• Social networks, blogs, web search keywords can trace desires, opinions and 
sentiments;  

• Emails and phone contacts can trace our relationship and social connections;  
• Transaction records of our purchases proxy for the lifestyle and shopping 

patterns;  
• Records of our mobile phone calls and GPS tracks can trace our movements.  

Other social-human data include financial, health and institutional data. Sophistication of 
sensors we interact with and carry with us every day, such as smartphone, generate 
billions of data that create the opportunity to disentangling the social complexity we live 
in. We are just at the beginning of the data revolution era, which will impact profoundly 
all aspects of society: government, business, science and entertainment (World 
Economic Forum 2011). In practice the data revolution is in its infancy, and there is still 
a gap from the big data to the big picture, i.e. from the opportunity to the challenges 
(Giannotti et al. 2013). Giannotti et al. (2013) individuate three reasons behind the gap:  

1. Sensed data are fragmented, low-level and poor; 
2. Analytics is too fragmented, low level and poor also because data mining and 

models and patterns do not speak the language of human activities; 
3. There are many regulatory, business and technological barriers to set the power of 

big data free for social mining, so that all individuals, businesses and institutions 
can safely access the knowledge opportunities.  

To bridge this gap Giannotti et al. (2013) advocate a vision of a Planetary Nervous 
System, which is a middle-layer technology that make the knowledge and semantics 
hidden in big data available for addressing the big question about social complexity 
(Pentland, 2012). The planetary nervous system is based on three pillars: 

1. Social sensing is aimed at developing better methods for harvesting the big data 
from the techno-social ecosystem and make such big data available for 
mining/analysis at a properly high abstraction level; 

2. Trusted network and privacy-aware social mining is aimed at creating a new deal 
around the questions of privacy and data ownership; 

3. Social mining is the problem of discovering patterns and models of human 
behaviour from the send data across the various social dimensions: it is aimed at 
extracting multi-dimensional patterns and models from multi-dimensional data. 
To this aim, social mining needs novel concepts of multi-dimensional pattern 
discovery and machine learning, and of multi-dimensional social network 
analysis. 

Especially in this third pillar the connection with statistics is fundamental. In social 
statistics information are collected by means of survey or Census. Censuses are complex 
and expensive to carry out, so surveys represent the feasible way to collect data. In order 
to make inference on the target population surveys should be drawn in such a way that 



they are representative of the population. In statistics a survey data set is defined to be 
representative with respect to a variable X if the distribution of X in the data set is equal 
to the distribution of this variable in the population (Kruskal and Mosteller, 1979).  
Our goal is to measure social complexity. In particular we want to focus on the 
identification and quantification of social exclusion and deprivation at a local level (LAU 
1 – LAU 2 level). Survey sample could be a feasible solution to assess poverty and 
deprivation at a local level. However the high cost in terms of time, financial resources 
and people result in an impracticability of this instrument to obtain accurate estimates at 
a local level. For example available data to measure poverty and living conditions across 
the European Union come mainly from sample surveys, such as the Survey on Income 
and Living Conditions (EU-SILC). However, these data can be used to produce direct 
accurate estimates only at the national or regional level (NUTS 1-2 level). To obtain 
estimates referring to smaller unplanned domains - to which we refer as small areas - 
such as provinces and municipalities (LAU 1-2 levels), there is lack of data. Possible 
solutions are increasing the sample size, normally unfeasible due to limited available 
resources, or resort to small area estimation methods. By these methodologies reliable 
estimates at a local level can be obtained, ensuring the constructions of poverty 
indicators and maps on which to base political decision aimed at reducing vulnerabilities 
and difficult living conditions. These alternative methodologies treat the larger region as 
planned domains while the smaller area of interest, such as provinces or municipalities, 
are considered to be unplanned domains, with typically small, or even zero, sample size. 
Small area estimation techniques are pushed from an increasing demand from policy 
makers for more detailed information about the geographic distribution of poverty, 
inequality and life condition indicators. As a consequence poverty mapping have become 
a powerful tool for designing better policies and interventions. Indeed many national 
statistical agencies are now developing, evaluating and implementing poverty estimation 
methodologies. As an example the European Commission founded two projects, 
SAMPLE (Small Area Methods for Poverty and Living Condition Estimates) and 
AMELI (Advanced Methodology for European Laeken Indicators), related to this topic. 
At its heart, poverty mapping is about combining survey data that measures poverty 
incidence with auxiliary information about the population of interest. From one side we 
have survey data collected ad hoc, such as consumption and income, and from the other 
side we have auxiliary information that are obtained from other surveys, from population 
censuses or from administrative registers. Common variables between survey and 
auxiliary information are used together to improve the precision of the small area 
estimates. However, it is essential that they refer to the same domains or population 
units. Auxiliary information can also consist of geo-referenced data about the spatial 
distribution of these domains and units, obtained via geographic information systems. 
Attributes derived from spatial information are helpful in the analysis of social-economic 
data relating to small areas since these are often display spatial structure. 
The measurement and storage of huge amounts of spatio-temporal auxiliary data referred 
to households and individuals are made possible by new communication technology. We 
are thinking about the use of point of sale data on the amount and location of household 
transactions, or the spatial tracking of the movement of individuals by means of GPS 
systems linked to their smartphone, cars and other communication device. As stated 
before we refer to all these data as big data. Their use in poverty measurement is still 



somewhat limited. The lead idea of this paper is to use the large availability of data, the 
big data, together with small area estimation techniques and surveys to have a picture of 
social behaviour that include also deprivation and social exclusion. 
In what follow we show a brief review on small area poverty indicators and the state of 
the art of social mining. We conclude with a research roadmap to combine big data and 
small area estimation in a statistical framework. 
 
 
2. Small Area Poverty Indicators 
 
 
Poverty and social exclusion are complex phenomena and they can’t be resumed by a 
single index. The European Council in December 2001 in the Brussels suburb of Laeken, 
Belgium, has laid down a set of statistical indicators on poverty and social exclusion. 
These indicators are commonly known as Laeken indicators. They include measures of 
the incidence of poverty and of the intensity of poverty. They are an important tool to 
identify poverty and inequality when making comparison between areas of interest. 
The incidence of poverty is measured by the Head Count Ratio - also known as the At-
Risk-of-Poverty Rate - while the intensity of poverty is measured by the Poverty Gap. 
These are special case of the generalized measures of poverty introduced by Foster et al. 
(1984), hereafter FGT. Denoting by t the poverty line, by d the domain of interest and by 
α a sensitivity parameter the class of FGT poverty measures are defined as: 
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The poverty line t is a level of income that defines the state of poverty. This means that 
households with income below t are considered poor. y is a measure of income for the 
unit (household) j, Nd is the number of units in area d, I is the indicator function that is 
equal to 1 when yjd ≤ t and 0 otherwise. When α = 0 Fα,d is the Head Count Ratio or 
HCR indicator whereas when α = 1, Fα,d is the Poverty Gap indicator. 
The HCR index is simply the proportion of units in the area with income at or below the 
poverty line. This index is easy and fast to compute and can be easily interpreted so it is 
widely used in poverty estimation. However, it implicitly assumes that all poor units are 
in the same situation. Thus, the easiest way to reduce the HCR index for an area is to 
transfer benefits to units just below the poverty line given that they are cheapest to move 
across the line. For this reason policies based exclusively on HCR type indexes can be 
sub-optimal. Calculating the intensity of poverty by the Poverty Gap index it is possible 
to individuate those areas where poor people is nearest the poverty line. This indicator 
can be interpreted as the average shortfall of poor units; it shows how much would have 
transferred to the poor to bring their expenditure up to the poverty line. 
Opportunely changing the y variable and the parameter α, a lot of Laeken indicators can 
be computed using equation (1): At-risk-of-poverty rate, Persistent at-risk-of-poverty 
rate, Persistent at-risk-of-poverty rate (alternative threshold), Relative median at-risk-of-
poverty gap, Long-term unemployment rate, Persons living in jobless households, Early 



school leavers not in education or training, Dispersion around the at-risk-of-poverty 
threshold, At-risk-of-poverty rate anchored at one moment in time, At-risk-of-poverty 
rate before cash social transfers, In-work at risk of poverty rate, Long term 
unemployment share, Very long term unemployment rate. 
The others Laeken indicators require proper formulas to be computed, these are: At-risk-
of-poverty threshold, S80/S20 income quintile share ratio, Regional cohesion, Life 
expectancy at birth, Self defined health status, Gini coefficient. 
Of course, it is also true that these measures cannot allow for a deepen study of 
deprivation and social exclusion they are considered starting points. Analysis based on 
non-monetary indicators can provide a more complete picture of poverty and deprivation 
(Cheli and Lemmi 1995). In particular, since poverty is often a relative concept, the set 
of indicators used to characterize it is generally enlarged to include other indicators for 
vulnerable groups, i.e. those likely to enter in the state of poverty (see the results of the 
SAMPLE project). 
When there is a reasonably large sample (say > 100) in the area d the FGT indicator can 
be estimated by 
 

F̂
α ,d

dir = 1

w
jdj ∈sd

∑
w

jd

t − y
jd

t











α

j ∈sd

∑ I ( y
jd

≤ t ).  (2) 

 
Estimator (2) is a direct estimator. This means that the estimator depends only on the 
sample data from the area. wjd denote the sampling weight of unit j in the sample sd of 
units in area d, i.e. j is one of the nd sampled units from small area d; typically 
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∑ , the population size of area d, but it is not mandatory. When the sample 

in area d is of limited size estimator (2) is not accurate, i.e. it has high variability that 
implies an extremely large estimation interval. In these cases small area estimation 
techniques can be employed. As stated before the idea of small area methods is to use 
statistical models to link the survey variable of interest with covariate information that is 
also known for out of sample units. To estimate 1 we use the decomposition 
 

Fα ,d
= 1

N
d

Fα , jd
+

j ∈sd
∑ Fα , jdj ∈rd

∑( ) ,  (3) 

 
where rd is the set of Nd-nd non sampled units in area d and 
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while the second addend is unknown and should be predicted under an appropriate 
model. Prediction is based on the use of auxiliary variable that have to be common 
between survey data and population data. For instance let us know a set of auxiliary 
variable xjd for each unit j in area d. Using the sample data we can estimate a model for 
the y variable, yjd = f(xjd; β) j=1,…,nd, where β is a set of model parameters that can be 
estimated in some way (using maximum likelihood, least squares, etc.). Then, using the 

model we can predict y values for the out of sample units: ŷ
jd

= f (x
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Finally, a small area estimator of FGT is 
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≤ t ). Popular models for small area estimation are the 

random effect models, with these models it is possible to account for the between area 
variation, see Rao (2003) for further details on the use of these models in small area 
estimation. A study on the use of random effect model in small area poverty estimation is 
in Molina and Rao (2010). A recent alternative approach is based on the M-quantile 
model (Chambers and Tzavidis, 2006). This approach models the M-quantiles of y given 
x rather than the expected values (as would be in the case of random effect model) and 
then characterises the difference between the small area using different M-quantile 
orders, and hence different fitted models. As described in Tzavidis et al. (2010) and 
Marchetti et al. (2012) the M-quantile approach can be combined with the concept of 
smearing estimator (Duan 1983) to estimate equation (1). A third approach to poverty 
estimation is based on the methodology proposed by Elbers et al (2003), which is often 
referred to as the World Bank or ELL method. This method is similar to the method 
proposed by Molina and Rao (2010) but less efficient because it doesn’t take into 
account the between area variation. Standard error estimates of FGT small area estimator 
are described in Molina and Rao (2010), Marchetti et al. (2012) and Elbers et al. (2003) 
respectively for the random effect model approach, the M-quantile approach and the 
World Bank method. 
Actually, given the limited resources allocated for poverty assessment, the study of 
relative differences in poverty across the study population inevitabily requires the 
application of small area estimation methods. Analysts applying poverty mapping 
methods provide guidance to decision makers about level and variation of deprivation 
across a study population, allowing the efficient allocation and monitoring of funding for 
poverty alleviation. To ensure that this guidance is sound there is need that the models 
underpins the small area estimation method is fit for purpose. For this reason we 
recommend that the nature of the data used to measure poverty is given careful 
consideration. So the use of alternative sources of data, such as the big data, has to be 
carried out with care. 
 
 
3. Social Mining 
 
 
Social Mining aims to provide the analytical methods and associated algorithms needed 
to understand human behaviour by means of automated discovery of the underlying 
patterns, rules and profiles from the massive datasets of human activity records produced 
by social sensing. Although data mining and statistical learning from traditional 
databases are relatively mature technologies (Tan et al. 2006, Hastie et al. 2009), the 
emergence of big data of human activities, their networked format, their heterogeneity 
and semantic richness, their magnitude and their dynamicity pose new exciting scientific 
challenges. 



We need significant advances in providing large-scale data mining of digital and 
physical traces generated across social media, environmental, mobile and wearable 
sensing devices in order to predict human behaviour and diffusion processes in highly 
complex and heterogeneous socio-technical systems in different fields. 
Human Data Mining, Reality Mining: these are the new keywords witnessing the 
flourishing of novel data mining, statistical learning and network science methods 
centred on the digital footprints of human activities. These are the ground where the 
different disciplines are converging. 
Social network analysis studies interpersonal relationship to understanding the structure 
of the dynamics of the fabric of human society. the statistical laws regulating statics and 
dynamics of complex networks (Watts and Strogatz 1998, Barabasi and Albert 1999, 
Newman 2010), and the methods aimed at discovering patterns, evolutionary rules, 
community structure and the dynamics in large social network. 
Social media mining are methods for mining from heterogeneous data, sensed from 
different on line sources (tweets, mails, blogs, web pages, link structures etc.) to the 
purpose of extracting the hidden semantics from them: i) opinion/sentiment mining, ii) 
automated tagging; iii) ranking . 
Mobility data analysis emerged as a vital field, leveraging the spatio-temporal 
dimensions of big data to the purpose of understanding human mobility behaviour, 
evolutionary patterns, daily activity pat- terns, geographic patterns. Computer scientists 
put forward mobility data mining, aimed at discovering patterns of interesting mobility 
behaviours of groups of moving objects (Giannotti and Pedreschi 2008). A recent trend 
in research focuses on extracting mobility profiles of individuals from their traces, trying 
to address one of the fundamental and traditional question in the social science: how 
human allocate time to different activities as part of the spatial temporal socio-economic 
system. 
With the size and complexity of big data, also new computational challenges will 
emerge. Dealing with graphs of that size and scope, and applying modern analytic tools 
to them, calls for better models, scalable algorithms and other innovations. 
 
 
3.1 Mining Patterns of Human Behaviour 
 
 
Social mining is the problem of discovering patterns and models of human behaviour 
across the various social dimensions: it is aimed at extracting multi-dimensional pat- 
terns and models from multi-dimensional data. To this aim, social mining needs novel 
concepts and techniques of multi-dimensional pattern discovery and of multi- 
dimensional social network analysis, whose ultimate goal is to understand human 
behaviour: 

• The discovery of individual social profiles,  
• The discovery of collective behaviours,  
• The analysis of spreading and epidemics over multi-dimensional networks,  
• The analysis of sentiment and opinion evolution. 

The key point of social mining is to combine the macro and micro laws of human 
interactions within a uniform multi-dimensional analytical framework, encompassing 



both the global models developed by complex network theory and the local patterns 
discovered by data mining in the sensed data 
Multi-dimensional Social Network Analysis: we need the foundations of a multi-
dimensional network analytics, capable of extending the methods and tools of network 
science to the multi-layered, interconnected networks resulting from the novel social 
sensing techniques. 
Multi-dimensional Social Pattern Discovery: the automated extraction of regularities, or 
analogously of segments of the whole populations whose members exhibit a common 
property. We need to expand pattern discovery towards the emergent patterns and rules 
describing socio- economic behaviours of significant sub-populations. 
Combining network science and pattern mining/inference: is aimed at discovering the 
global models of complex social phenomena, by means of statistical macro-laws 
governing basic quantities, which show the behavioural diversity in society at large. 
Although network science and data mining emerged from different scientific 
communities using largely different tools, we need to reconcile the macro vision of the 
first with the micro vision of the second within a unifying theoretical framework, 
because each can benefit from the other and together have the potential to support 
realistic and accurate models for prediction and simulation of social phenomena. 
Analytical challenges for social mining: based on the novel social mining techniques, it 
will become possible to address in a systematic way many challenging questions about 
multi-dimensional social phenomena: 

• Individual profiles, 
• Collective patterns and models, 
• Multi-dimensional diffusion processes, 
• Aggregated sentiment analysis and opinion mining. 

An example of early research where big data (phone call records) are used as a proxy of 
poverty indicators is (Eagle et al., 2010). Here a measure of diversity of social contacts, 
computed over the phone activity data of England, is shown to correlate in a surprisingly 
strong way with a measure of poverty (deprivation index) independently produced by the 
UK official statistics bureau. 
 
4. The Use of Big Data in Small Area Estimation  
 
 
In our future ICT vision, the Planetary Nervous System is the techno-social ecosystem in 
charge of collecting, processing and interpreting big data from all available sources, built 
on top on privacy-aware social sensing and mining. This system has to be integrated with 
statistical modelling for small area estimation. The possible approaches we though are 
three: 

1. Use big data as covariate in the small area model; 
2. Use survey data to check and remove the self-selection bias from estimates 

obtained using big data; 
3. Use big data to make comparisons with results obtained with small area 

estimation methods. 
A first chance to use big data in small area estimation is that of the use of these data as 
covariate in the small area model. Due to technical challenges and law restriction it is 



unfeasible at this stage to have unit level data that can be linked with administrative 
archive or census or survey data. To overcome this problem we can use the so called area 
level model, such as the Fay-Herriot model (Fay and Herriot 1979). By these class of 
models direct estimates obtained from survey data are modelled with area level auxiliary 
variables, i.e. an unique variable value for each area. Auxiliary variables can be known 
either at the population level or at the survey level, in any case knowledge at unit level is 
not required neither that auxiliary variables should be in common with survey variable. 
So it is relatively easy to aggregate big data in the domains/areas of interest and use it in 
the Fay-Herriot model. 
Alternatively one could use big data directly to measure poverty and social exclusion. 
However it is realistic to think the big data are not representative of the whole population 
of interest, principally for the self-selection problem. Using a quality survey we can 
check difference in the distribution of common variables between big data and survey 
data. If there aren’t common variables we can use known correlated data to check 
difference in the distribution. Given this difference we can compute weights that allow 
the reduction of bias due to self-selection of the big data. 
Finally, we can use poverty and deprivation measures coming from big data to 
benchmark similar measures obtained from survey data and vice versa. By this way, if in 
a given small domain/area there is accordance on the level of deprivation and poverty 
measured from big data and from survey data in that domain/area then analysts and 
policy makers may rely on a strong evidence. Otherwise if there is discrepancy between 
results obtained from the two sources of data then there is need of further investigation 
on that domain/area. 
From one hand big data represent an incredible and huge source of data on social 
complexity and human behaviour but they not ensured the representative of the 
population social phenomena. On the other hand survey data are a high quality source of 
data representative of the population of interest but this data are expansive in terms of 
money and time to be collected properly. Interaction and integration between these two 
sources of data is an important challenge for research in statistics and informatics. 
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Abstract 

 
Big Data refers to data sets that are impossible to store and process using common 
software tools, regardless of the computing power or the physical storage at hand. The 
Big Data phenomenon is rapidly spreading in several domains including healthcare, 
communication, social sciences and life sciences, just to cite some relevant examples. 
However, the opportunities and challenges of Big Data in Official Statistics are matter of 
an open debate that involves both statisticians and IT specialists of National Statistical 
Institutes. 
In this paper, we first analyse the concept of Big Data under the Official Statistics 
perspective by identifying its potentialities and risks. Then, we provide some examples 
that show how NSIs can deal with such a new paradigm by adopting Big Data 
technologies, on one side, and rethinking methods to enable sound statistical analyses on 
Big Data, on the other side. 
 
 
Keywords: Web data sources, large scale data processing, data and information quality. 
 
 
1. Introduction 
 
All the estimates about the quantity of data produced every day in the world reveal 
impressive figures. Streams of data flow unceasingly from miscellaneous sources, such as 
sensors, GPS trackers, users posting messages on social networks, Internet documents, 
log files, scientific experiments and more. The problem of extracting useful insight from 
this often unstructured mass of information poses major technical and organizational 
challenges. 
The term Big Data is used for identifying structured or unstructured data sets that are 
impossible to store and process using common software tools (e.g. relational databases), 
regardless of the computing power or the physical storage at hand. The size of data, 
typically spanning dimensions of tera- and peta-bytes orders of magnitude, is not the only 
aspect that make data “Big”. Indeed, the problem of feasibility in treating data increases 
when data sets grow continuously over time while a timely processing is necessary for 
producing business value. 
In contexts such as search engines and social networks, where the amount of content to 
be stored and indexed (Internet documents, user data, user searches) has become 
overwhelming, it is mandatory to exploit techniques such as parallel computation and 
distribution on large clusters of computers. 



Nevertheless, the availability of large quantities of data opens up new possibilities for 
creating new types of analysis and extracting new information. Examples are appearing 
in many domains, from healthcare to communication to social sciences, where the 
analysis of massive data sets allows to unveil hidden information in form of, e.g., clusters 
and patterns. A popular application of this paradigm is the extraction and the analysis of 
messages posted to social networks for identifying trends in opinions (“opinion mining”). 
For example, the days before the 2012 U.S. presidential elections, several news web sites 
provided their own real-time polls extracted from the analysis of Twitter posts. 
In general, the Big Data upsurge provides us with two innovation directions: (i) the 
disposal of new high-performance techniques and tools for storage and processing and 
(ii) the opportunity for new types of analysis and products. 
As far as Official Statistics is concerned, the question arises about what could be the 
impact of this innovation on production processes. The High-Level Group for the 
Modernisation of Statistical Production and Services (formerly known as HLG-BAS) 
recently recognized that the abundance of data available nowadays should trigger a 
profound rethink of products offered by NSIs, and highlighted the risk for NSIs to be 
superseded by non-official statistics providers that are more ready to exploit the 
opportunities offered by Big Data (HLG-BAS 2011). However, it is not obvious to derive 
from such a general statement actual directions in research and production. 
In this paper we analyze the general issue of exploiting Big Data in the context of Official 
Statistics from the perspective of the support IT can offer in processing large amounts of 
data. We first identify the challenges and the opportunities that can stem from the 
introduction of Big Data in statistical processes. Then, we provide some practical 
examples on how some established statistical techniques and practices could be revisited 
through the introduction of parallel computation tools and huge data sets. 
 
 
2. Challenges 
 
Using Big Data in Official Statistics poses several challenges that are, on one side, related 
to the inherent complexity of this data management paradigm, and, on the other side, 
related to the official nature of the products provided by NSIs. 
We envision four major challenges for Big Data usage in Official Statistics, namely: 
(i) Dimension, (ii) Quality, (iii) Time dependence, (iv) Accessibility. Among these, 
Quality and Accessibility seem to be even more critical, as we will argue later on in the 
paper. 
The Dimension challenge is directly related to the “Big” characteristic, where “Big” 
should not only be intended as the absolute size of the considered datasets (i.e., huge 
number of records and/or columns), but also the fact that these can continuously grow 
and change from time to time, such as in a continuous stream, and then reach a 
non-predictable (and eventually non-treatable) size. Dimension has an impact on: 
(i) storage of data and (ii) processing of data, both considered in the following. 
 
 



2.1. Dimension Challenge: Storing Big Data 
 
Storage of Big Data requires advanced data architectures that can be supported by recent 
technologies involving hardware as well as software. Probably the most popular 
technology related to storage of Big Data is the distributed file system abstraction, the 
most popular incarnation of which being the Hadoop project. Hadoop is an open-source 
software project, developed by the Apache Software Foundation, targeted at supporting 
the execution of data-oriented application on clusters of generic hardware. The core 
component of the Hadoop architecture is a distributed file system implementation, 
namely HDFS. HDFS realizes a file system abstraction on top of a cluster of machines. 
Its main feature is the ability to scale to a virtually unlimited storage capacity by simply 
adding new machines to the cluster at any time. The framework transparently handles 
data distribution among machines and fault-tolerance (through replication of files on 
multiple machines). 
A distributed file system is restricted to handle and store files rather than structured or 
semi-structured data, then it is not suited to be directly used in statistical applications for 
querying, processing and analysis. The distributed file systems is a low-level abstraction 
that is mainly intended to represent the basic building block of cluster management, to be 
exploited by other services. For example, in the Hadoop architecture, HDFS is the 
foundation of the other main component of the architecture, namely MapReduce. We will 
examine MapReduce later, when discussing the issue of processing Big Data. 
 
Other kinds of distributed storage systems exist, specifically targeted at handling huge 
amounts of data, and based on loosely-structured data models that allow for storage and 
querying through user-oriented high-level languages. Such systems are commonly 
identified with the umbrella term “NoSQL databases” (“not only SQL”), that embraces 
products based on different technologies and data models1. Two of such systems, namely 
HBase and Hive, are part of the Hadoop ecosystem and represent high-level interfaces to 
HDFS. Other popular NoSQL databases are Google BigTable, Cassandra, MongoDB.  
In very general terms, the main difference between a NoSQL data model and the 
relational model is that in the former the data schema is not fixed a priori but can be 
flexibly adapted to the actual form of the data. For example, two records in the same 
dataset can have a different number of columns or a same column can contain data of 
different type. Such a flexibility is the key for reaching high scalability: physical data 
representation is simplified, few constraints on data exist, and data can be easily 
partitioned and stored on different machines. The obvious drawback lies in the lack of 
strong consistency guarantees (e.g., ACID properties and foreign key constraints) and the 
difficulty of performing joins between different datasets. 
NoSQL databases are powerful tools for storing and querying large datasets and can be 
effectively exploited for statistical purposes. The focus is on the treatment of 
non-transactional data to be used for aggregation and mining, or even simply as a source 
for other data processing steps. 
 
Other examples of technologies that can aid the storage of Big Data include: database 
machines (like Oracle Exadata) and vertical DBMSs (like MS PowerPivot support 
                                                 
1 A survey on the different types of data models used in NoSQL databases is out of the scope of this paper. 



engine). Despite the availability on the IT market of such solutions, their usage by NSIs 
is at an early stage. As far as Istat is concerned, there are however some notable 
examples: (i) Istat is starting a migration towards the database machine Oracle Exadata of 
its whole data asset; (ii) current Population Census activities are supported by Microsoft 
Business Intelligence, including PowerPivot technology. 
 
 
2.2. Dimension Challenge: Processing Big Data 
 
Processing of Big Data is a hard task both in terms of feasibility and efficiency. The 
feasibility of solving a specific processing problem not only depends on the absolute size 
of the input datasets but is also related to the inherent complexity of the algorithm. 
If an algorithm is highly demanding in terms of memory and processor usage, data 
quickly can become “big” even if the input size is treatable for storage. We expand this 
concept through the examples presented in Section 3. 
The other challenge in processing of Big Data is related to efficiency, in the sense that 
even if a processing task can be handled with the computing resources at hand, the time 
required for completing the task should be “reasonable”. 
 
The basic idea behind the processing of Big Data consists in distributing the processing 
load among different machines in a cluster, so that the complexity of the computation can 
be shared. The number of the machines can be adapted in order to fit to the complexity of 
the task, the input size and the expected processing time. Besides managing distributed 
storage, a technological platform such as Hadoop also provide the abstraction of 
distribution of processing in a cluster. 
However, parallel processing not only involves a technological problem, but mainly 
requires the algorithm to be written in such a way that the final result can be obtained 
with each machine in the cluster working on a partition of the input, independently of the 
others. 
 
The MapReduce paradigm (Dean and Ghemawat 2004) is a programming model 
specifically designed for the purpose of writing programs whose execution can be 
parallelized. A MapReduce program is composed by two functions, “map”, specifying a 
criteria to partition the input into categories and “reduce” where the actual processing is 
performed on all the input records that belong to a same category. 
The distributed computation framework (e.g. Hadoop) takes care of splitting the input 
and assigning it to a different node in the cluster that takes in turn the role of “mapper” 
and “reducer”. Hence, the general processing task is split into separate sub-task and the 
result of the computation of each node is independent from all the others. The physical 
distribution of data through the cluster is transparently handled by the platform and the 
programmer must only write the processing algorithm according to the MapReduce rules. 
MapReduce is a general paradigm not tied to a specific programming language. While 
Hadoop requires MapReduce programs to be written in Java, MapReduce interfaces 
exists for all the common programming and data-oriented languages, including R. 
 



The possible limit of this approach is that not all processing tasks are inherently 
parallelizable, that is some tasks cannot be easily split into set of independent sub-tasks. 
In statistical/mathematical computing there are several examples (think, e.g., of matrix 
inversion). In Section 3, we present some examples of statistically relevant problems and 
discuss how they can be solved through a parallel approach. 
 
 
2.3 Quality, Time and Accessibility Challenges 
 
Big Data are noisy, that means that they do need to undergo a not trivial filtering and 
cleaning process before they can be used. Hence, one significant issue regards balancing 
the complexity of the cleaning process with the information value of the obtained results. 
Quality of Big Data can be more specifically characterized by: 

• Quality dimensions, e.g. accuracy, timeliness, consistency, completeness. Each of 
these dimensions could be interpreted in a fundamentally revised way, in 
dependence of the specific contexts where Big Data are collected. For instance, there 
are dedicated works to the quality of sensor data, that take into account sensor 
precision and sensor failures (see e.g., (Klein and Lehner 2009)). 

• Metadata. Most of Big Data, especially Web available ones, are loosely structured, 
i.e. there is limited metadata information that permit their interpretation. This is 
among the hardest challenges: data with no metadata are often useless. However, 
there are several projects that are pushing towards a concrete realization of the Web 
of Things, where objects have their identity and semantics based on various kind of 
metadata information associated to them: Linked Open Data (http://linkeddata.org) 
and WikiData (http://www.wikidata.org) are notable examples. Another aspect is 
related to process metadata. For instance, provenance is a significant process 
metadata describing “an information describing origin, derivation, history, custody, 
or context of an object” (Cheney et al. 2008). 

 
The relationship between time and Big Data has two main aspects. The first one is data 
volatility, i.e. a temporal variability of the information the data are meant to represent: 
there are data that are highly volatile (e.g. stock options), other which exhibit some 
degree of volatility (e.g. product prices), and some which are not volatile at all (e.g. birth 
dates). The second aspect is more generally related to the time features of the data 
generating mechanism. For instance, some Web data (e.g. data coming from social 
networks) spring up and get updated in an almost unpredictable fashion, so that their time 
dimension is not available in a direct way, but does need to be re-constructed, if wishing 
to use those data in any meaningful analysis. 
 
The major role that NSIs could have in respect to Big Data is as data consumers, rather 
than as data producers, hence they must have access to them. This is not an easy task first 
of all because several Big Data producers (e.g. Google, Facebook) gain their competitive 
advantage by maintaining their data locked. That is, Big Data are not (necessarily) Open 
Data. Hence accessing data sets for research purposes can be tricky and might involve 
issues related to the actual utility of the retrieved data. As an example, only a limited 



subset of (public) tweets is made available by Twitter for querying through its APIs, and 
the selection criteria of such subset is not documented. Even when the competitive 
advantage is not an issue, privacy could be a limiting factor, due to legal regulations or to 
business policies (think, e.g., of hospital files or health data produced by clinical 
laboratories). 
 
 
3. Big Data in Statistical Production Processes: Some Examples 
 
NSIs carry out their statistical production processes by exploiting a wide variety of 
different methods. Be the origin of such methods in the statistical/mathematical realm or 
in the computer science domain, such methods have evolved in NSIs by hinging upon 
specific features of the data they were meant to handle. Therefore, current NSIs methods 
bear a footprint that can be easily traced back to the nature of the data collected and 
consumed in the Official Statistics context (in the following: traditional data). In 
particular, the quality of traditional data is ensured by a well-defined set of metadata. The 
time dimension of traditional data is completely under the control of each NSI, as it is 
planned and managed since the preliminary design phases of surveys. As producers of 
traditional data, NSIs do not have any accessibility problems, and also when using data 
coming from administrative archives, they can rely on well-established exchange 
protocols. Though obvious, traditional data (even Census ones) are not Big Data, as they 
were defined in the Introduction. Hence, while Big Data can appear as a good opportunity 
to catch, we must admit that traditional NSIs methods seem not ready to deal with the 
specificity of such kind of data. Therefore, we envision the possibility for NSIs to deal 
with Big Data in two ways: adopting Big Data technologies, on one side, and rethinking 
methods to enable sound statistical analyses on Big Data, on the other side. In the 
following, we will use Record Linkage (RL) and data cleaning as a working examples to 
clarify this concept. 
 
RL refers to the set of statistical and IT methods that NSIs traditionally exploit in order to 
integrate data coming from different sources (but referring to the same real-world target 
population) when common record identifiers are lacking or unreliable. The need of such 
methods arises, for instance, whenever an NSI tries to use administrative archives as 
auxiliary sources in order to improve the quality of inferences based on survey data. 
Let’s first focus on a particular RL phase, for showing how Big Data technology can be 
used for improving efficiency in traditional data processing. 
RL between two data sets, each of size equals to n records, requires n2 record 
comparisons. When n is of the order of 104 or higher, the space of all the comparison 
pairs must be reduced in order to permit its practical exploration. To the scope, it is 
possible to adopt techniques that reduce the search space, i.e. the set of record pairs that 
will undergo the phase that decides their Matching or Non-Matching status. 
Among them, Sorted neighborhood is one of the most popular approaches: it sorts all 
entities using an appropriate blocking key and only compares entities within a predefined 
distance window. In (Kolb et al. 2012) it is shown how to use MapReduce for the parallel 
execution of Sorted neighborhood, demonstrating a highly efficient record linkage 
implementation with a Big Data technology. In such an implementation, the “Map” 



function determines the blocking key for ordering records. The map output is then 
distributed across to multiple “Reduce” tasks, each implementing the sliding window 
strategy. 
 
Insisting on the RL scenario, let’s show why some traditional methods cannot directly be 
used with Big Data. Let us suppose that (i) some Big Data sources exist that could 
provide further valuable information on phenomena which are currently addressed by a 
traditional survey, and that (ii) such sources are actually accessible to the NSI in charge 
of the survey. As it is well known, careful sampling designs and strictly probabilistic 
sample selection techniques are real pillars of traditional surveys carried out by NSIs, 
acting as fundamental ex-ante guarantees of the quality of the obtained inferences. The 
survey weights tied to respondent units are imprints of such pillars and play a special role 
in estimation. Each sampled unit enters the survey with its own sampling weight and 
cannot be substituted ex-post with any other unit (be it a similar one) without the risk of 
severely impairing estimation. Therefore, any attempt to enrich a traditional survey with 
further information coming from a Big Data source would require to identify the tiny 
component of that source which is actually linked to the real-world units sampled in the 
survey. This would allow to transfer new information from the Big Data source to the 
right sample units, without hindering the probabilistic sampling design of the survey, i.e. 
leaving the survey weights unaffected. In other words, in order to take advantage from 
the Big Data opportunity without jeopardizing the quality of inferences, the NSI should 
be able to link the survey data with the Big Data. 
Unfortunately, such result seems definitely out of the reach of traditional RL methods 
adopted in Official Statistics. Indeed, the “Big” scale of the Big Data sources would 
claim for fully automated RL methods, that could be deployed in high performance 
computing environments and then run “robotically” (i.e. without any human bottleneck). 
This clearly rules out most of the tools from the traditional RL kit: supervised learning 
techniques, clerically prepared training sets, user-defined classification thresholds, 
clerical review, interactive evaluation of obtained results. 
Despite the latter conclusion looks unavoidable, the challenge of devising alternative RL 
methods suitable to set upon the Big Data scale is admittedly far from being met, at least 
in the Official Statistics field. Indeed, NSIs currently perceive traditional RL methods 
almost as a mandatory choice, on the grounds that – by leveraging domain knowledge at 
the price of some amount of “human work” – those methods proved to be able to ensure 
high-quality RL results. On the contrary, existing fully automated RL systems – like 
approximate join algorithms from the database research community, deliberately biased 
toward the goal of high efficiency – tend to be regarded with skepticism in NSIs, as they 
are commonly believed to perform too much poorly with respect to accuracy. 
 
As a more encouraging example, let us switch to the problem of handling matching 
constraints in RL. Such constraints arise whenever one knows in advance that either or 
both the data sets to be linked do not contain duplicates. This is precisely the case of the 
RL scenario in Official Statistics, since – thanks to well established checking and 
cleaning procedures routinely applied by NSIs – ordinary survey data can be assumed to 
be duplicate-free. As a consequence, each record coming from the Big Data source can 
match at most a single survey record. This property translates into a set of constraints that 



have to be fulfilled when solving the RL problem. The latter is generally modelled as a 
constrained Maximum Likelihood problem, which NSIs traditionally address by using 
Simplex-based algorithms (since both its objective function and constraints are linear). 
Now, while the Simplex is an exact optimization technique, a major concern with it is 
tied to memory usage. If n denotes the average size of the data sets to be matched (i.e., in 
our scenario, the Big Data scale: n ~ ½NBig), the number of unknowns and inequalities for 
the problem grow like n2 and n respectively, yielding a Simplex solver space complexity 
of O(n3) = O(NBig

 3) at least. The net result is that the Simplex approach cannot be 
directly applied to the Big Data scale, no matter how much computing power an NSI can 
rely on. 
Fortunately, there exist alternative techniques that can ensure the computational 
efficiency required to attack the Big Data scale, provided NSIs are ready to accept 
approximate (rather than exact) solutions to their optimization problems. For instance, 
(Zardetto et al. 2010) showed how to tackle the RL problem under matching constraints 
by means of a purposefully designed Evolutionary Algorithm (EA). On the one hand, the 
EA overcomes the memory problem (the biggest data structure it stores grows only 
linearly with n), on the other hand, it is able to find high-quality (though not necessarily 
optimal) RL results. Moreover, the EA – thanks to the inherent parallelism of the EA 
metaheuristic – is a natural candidate for further scalability via the MapReduce paradigm, 
as testified by a growing body of research (see e.g. (Verma et al. 2009) and references 
therein). 
 
Data cleaning tasks are carried out by consolidated methods in NSIs. For instance, 
consistency checks are performed by defining sets of edits, localizing edit violations and 
operating repairs to erroneous records by traditional methods like Fellegi-Holt. If Big 
Data becomes a new data collection basin, one could think to have access to a huge 
number of sources that contain redundant data, like, e.g. Web sources. This could 
revolutionize the way in which consistency checks are performed. Indeed, instead of 
thinking to complex edit-based models to be verified on a single dataset, one could think 
to cross-match distinct datasets in order to verify data consistency. One possibility is to 
find out rules by identifying anomalous (i.e. exceptionally rare) combinations of values in 
the huge amount of data provided by Web sources. Such rules could be used to 
complement or even possibly to replace the edit rule sets that are traditionally based on 
prior knowledge on phenomena under investigation. A second possibility could be related 
to a two-step process. In the first step, data sources could be linked on the basis of record 
linkage procedures, while, in the second one, some fusion techniques could be applied in 
order to resolve inconsistencies (Bleiholder and Naumann 2008). 
 
In synthesis, the above described examples illustrate that both Big Data technologies and 
Big Data can have a place in the Official Statistics context: Big Data technologies can 
improve the efficiency of statistical production processes and Big Data can add value to 
statistical information products, though at the price of a consistent rethinking of 
traditional statistical methods. 
 
 



4. Concluding Remarks 
 
Current methods in the survey analysis realm largely evolved from common ancestors 
(e.g., design based survey sampling theory, regression theory, generalized linear models), 
which were originally devised to be used on small amounts of high quality data. Such 
methods are, indeed, extremely sensitive to outliers and erroneous data, a circumstance 
that explains the tremendous effort put by NSIs in checking and cleaning activities. 
Moreover, these traditional methods typically exhibit high computational complexity 
(power-behavior is the rule, linear algorithms are lucky exceptions, sub-linear ones a real 
chimera), a feature that hinders their scalability on huge amounts of data. As a 
consequence, most of the statistical methods adopted by NSIs seem to be positioned poles 
apart, when examined in the Big Data perspective. 
NSIs will have to undertake some radical paradigm shift in statistical methodology, in 
order to let Big Data gain ground in Official Statistics. Despite it is far from obvious how 
to translate such awareness into actual proposals, we deem new candidate statistical 
methods should be: 

(i) more robust (i.e. more tolerant towards both erroneous data and departures from 
model assumptions), perhaps at the price of some accuracy loss; 

(ii)  less demanding in terms of a clear and complete understanding of obtained results in 
the light of an explicit statistical model (think, e.g., of Artificial Neural Networks, 
Support Vector Machines); 

(iii)  based on approximate (rather than exact) optimization techniques, which are able to 
cope with noisy objective functions (as implied by low quality input data) while, at 
the same time, ensuring the mandatory scalability requirement inherent in Big Data 
processing (thanks to their implicit parallelism: think of stochastic metaheuristics 
like, e.g., evolutionary algorithms, ant colonies, swarm particles). 

 
In order to exploit the (potentially enormous) treasure shining through the Big Data 
mountain, NSIs will have to climb that mountain. Moreover, during such climbing NSIs 
will have to avoid possible “crevasses” (think of the reputation risk inherent to sentiment 
analysis/social mining techniques: stakeholders tend to recognize NSIs authority to the 
extent that they perceive results of statistical production as “objective”). 
While a highly non-trivial technological leap will be necessary, this will definitely turn 
out to be insufficient. Indeed, putting Big Data in an Official Statistics environment, also 
requires a radical paradigm shift in statistical methodology. 
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Abstract 
  

We apply a two-stage data mining strategy to handle and analyze big statistical micro 
data sets. The first stage consists of smart aggregation of such micro data, and the second 
data continues to analyze and visualize the smartly aggregated data, further. The smart 
aggregation here requires three steps. One is to decide and to create the appropriate 
aggregates themselves, called also ‘concepts.’ Second, the characteristics for the concepts 
need to be implemented. The Symbolic Data Analysis (SDA) approach offers good tools 
for this. In this paper, our symbolic variables are of the two kinds: frequencies of 
categorical variables, and intervals of continuous variables. The third step is to 
operationalize the first two steps by creating the new data set. This operation is 
performed by the SYR software for SDA from Syrokko Company. We present our 
methodology with empirical data from the fifth round of the European Social Survey. 
 
 
Keywords: SDA software, Social survey data, Visualization of symbolic data. 
 
 
1. Introduction  

 
The Sodas software was developed in two EU research projects, that is, Sodas and Asso. 
The newest version of the software is from 2004. The book, edited by Diday and 
Noirhomme-Fraiture (2008) was much based on this development. Since this first 
academic software for SDA such technology has been considered to be highly 
appreciated by data miners. As far as data mining with big data are concerned, the 
symbolic approach basically includes the two steps, one for aggregating smartly big 
micro data sets, and then for analyzing such aggregated data. This paper follows this 
approach so that our big micro data are the multinational survey data, but the aggregation 
is made by the new professional symbolic data software, SYR (Afonso et al, 2012).  
 
Our paper is next organized so that, the principles of the SYR have been explained in 
Section 2. Our big data are the fifth round of the European Social Survey (ESS), collected 
late 2010 and the first half of 2011. Annex 1 gives the details of our data and principles 
of the aggregation. SYR, naturally, has been performed the aggregation itself. The 
remaining sections present examples on SYR techniques to analyze the aggregated data. 



We do not concentrate on subject-matter analysis but a reader will find some interesting 
results when comparing 27 European countries. 
 
 
2. The Syrokko software for symbolic data analysis (SDA) 
    
The SYR software is a SYROKKO company product (Afonso et al, 2012). Its aim is to 
extract, from a data file, up to several millions of units, a reduced number of units called 
“concepts” which summarize the initial data. These units are described by standard 
categorical or numerical variables, as well as by interval variables, multi-valued variables 
and by bar-chart and histogram-valued variables. These new kinds of variables allow 
keeping the internal variation of each concept. In the following sections, we will use 
different solutions of the software. 
 
TabSyr is for data fusion of several multisource and heterogeneous files into a unique 
symbolic data file. It allows creating a symbolic  data file, visualizing a symbolic data 
matrix thanks to a user-friendly graphical output, handling a symbolic data matrix (select, 
cut, move…) and using statistics methods to score the symbolic variables from the most 
discriminate to the least discriminate (and conversely) of the different concepts. 
 
ClustSyr is for k-means clustering extended to symbolic data (histogram-valued, interval 
valued, continuous, nominal variables). The different types can be mixed in a same 
clustering. It allows performing a partition or an overlap clustering. Moreover, this 
solution can communicate with the NetSyr solution is (see below) in order to display a 
clustering on a factorial plane. This clustering can be performed on the symbolic 
variables as well as on the coordinates of the concepts on the factorial axis. 
 
StatSyr is for statistics on concepts and clusters. It allows finding the categories which 
characterize the concepts / clusters and showing their variation. Moreover, it allows 
analyzing correlations between symbolic variables (for example, between interval or 
histogram variables). 
 
NetSyr solution is for extending PCA to symbolic data. It offers a set of tools for 
extending standard Principal Component Analysis (PCA) to symbolic data where the 
units are concepts described by symbolic variables of histogram, interval and continuous 
type. The different types can be mixed in a same PCA. NetSyr also offers a set of user-
friendly graphical tools for visualizing symbolic data in the factorial planes: individuals 
with their variation, clusters of individuals (from a partition or an overlap clustering 
performed with ClustSyr), bins and symbolic variables, proximities between individuals 
thanks to networks, etc. 

 
3. Data description  
 
The initial data file, described Annex 1, represents the description of 52459 individuals 
by 20 attributes. This data file records the scores (typically between 0 and 10) given by 
survey respondents of different European countries to different social topics. To study 



this data we create a symbolic data file using TabSyr. We choose country x subjective 
poverty (Noted SubPov) as a concept. 
The country symbols are standard international codes whereas “SubPov” is coded with 
two categories: ‘0’ and ‘1’, where ‘0’ represents people that do not think themselves as 
poor and ‘1’ represents people that consider themselves as poor. For example, the 
acronym BE_0 means subjectively not poor in Belgium and BE_1 means subjectively 
poor in Belgium. Figure 1 gives an extract of the symbolic data matrix with TabSyr. In 
this figure we have the description of four concepts (BE_0, BE_1, BG_0 and BG1) by 
tree categorical histograms (imbgeco10, imwbct10 and happy10) and two intervals 
(equality_i, tradition_i). This description is the result of the aggregation of the initial data 
into symbolic one, where categorical variables are transformed to histograms and 
continuous ones are transformed to intervals. Considering the concept BE_0, IMBGECO 
is the distribution of the scores given by the survey respondents of the country = Belgium 
and Subjective poverty = 0 for the question “Immigration bad or good for country's 
economy?”. EQUALITY_I gives the intervals of the scores for the variable Equality “, 
caring the nature, understanding different people, etc are important?”. 
 

 
FIG. 1: An extract of the symbolic data matrix for three categorical and the two continous variables 

using TabSyr. 
 
 
4. SDA of the fifth round of the European Social Survey 
  
We use NetSyr module for PCA on symbolic data to visualize all the concepts in a same 
biplot and to compare them. In the following picture, we visualise 6 clusters of 
individuals “Country x SubPov”. These clusters were obtained with k-means extended to 
symbolic data (ClustSyr)  applied to the coordinates of the points in the factorial plane. 
Cluster C1 at the lower right contains all the scandinavian countries (DK, SE, FI and NO) 
without subjective poverty. The concept DK_1 is also in this cluster. Next to it, Cluster 
C2, we have the scandivian countries with subjective poverty in the same clusters than 
NL and CH for non-subjective poverty. Cluster C3 contains western countries. C4 and C5 
contain both western country with subjective poverty and eastern countries without 
subjective poverty. At the lower left, we have the european economically weaker 
countries for subjective poverty (PT_1, SI_1, HR_1, SK_1, RU_1, …). We note that the 



concepts GR (greece), BG (bulgaria) and UA (Ukrania) with both Subjective Poverty 
equals to 0 or 1 are in this same cluster.  
 
Overall, we can say that sometimes concepts of a same country with subjective poverty 
or not are both in a same cluster, but most of the time the concepts are in different 
clusters and these clusters are close in the factoriel plane.   

 
FIG. 2: Clustering of the concepts “Countries x SubPov” on the first PCA factorial Plane. 

 
Moreover, correlation circle allow interpreting the axis of the PCA and consequently the 
six clusters. In the following pictures, we visualize the scores of the variables TRSTPLT, 
PPLFAIR, IMBGECO and HAPPY (A, B, C) in the correlation circle (two first axis). 
The categories of TRSTPLT, PPLFAIR and HAPPY are correlated to the first axis. We 
can see the scores increasing from the lower left quadrant until the lower right quadrant 
passing successively through the upper left quadrant and the upper right quadrant.  All 
that variables are correlated. Bad and good scores for one variable correspond to bad and 
good scores respectively for the others. 
 
In a second picture (for the same correlation circle), we visualize the categories of the 
variables TRADITION, CTJBCNT and ENJOY. The categories of these last two 
variables are correlated to the first axis. The bad scores are at the left and the good scores 
at the right. The categories of “TRADITION” are more correlated to the second axes. 
These categories have a different configuration compared to the categories of the other 
variables. TRADITION is more important in the lower left quadrant and less important in 
the lower right quadrant. This variable is inversely correlated to the others. 
 



 
 

 
FIG. 3: PCA correlation circle of the histogram variables 

 



In the following picture, we visualize the histogram variable PPLTRST (Most people can 
be trusted) in the factorial plane. For each concept “country x SubPov”, we visualize this 
variable thanks to pie charts. By clicking on each pie chart, we obtain the details of each 
histogram. We note for example the very bad results of the cluster of Greece and Bulgaria 
at the lower left and the very good results of the cluster with Denmark and Norway 
(without subjective poverty NO_0) at the lower right. For these variables, the scores 
decrease from C1 to C6. 
 
In this factorial plane, we also visualize the interval-valued variable TRADITION for a 
few examples of concepts. Each value is indicated by a blue rectangle in full within an 
empty black rectangle. The empty black rectangle indicates the min of the min and the 
max of the max among all the concepts. Thus, if the blue rectangle tilts to the right of the 
black rectangle then the respective concept performs better than the others and if the blue 
rectangle tilts to the left of the black rectangle then the concept perform less than the 
others. We note the inverse correlation between this variable and PPLTRST. The 
TRADITION is getting more important from C1 to C6 (even if the differences are not 
very important). We will have quite the same results if we replace PPLTRST with any 
other variable (see correlation circle). 
 
 

 
FIG. 4: Analysis of the concepts “countries x SubPov” thanks to PCA on symbolic data NetSyr. 

Example for the variables PPLTRST and Tradition. 
 
Finally we can use STATSYR in order to have a complete symbolic description of the 6 
clusters (Fig. 4). All clusters are mixed to some extent, that is, there are both subjectively 
poor and non-poor people. Cluster C1 is focused on non-poor people whereas C6 on poor 
people. Denmark in cluster C1 is the only country with both types of people in the same 
cluster. This thus means that these population groups are quite similar in their opinions 
and attitudes in this country. Figure gives opportunity to describe the clusters also against 
other variables. As far as positive things are concerned, people in cluster C1 seem to be 



most positive whereas cluster C6 most negative. We are not evaluating life values by 
positiveness. It is interesting that ‘SUCCESS’ is most important in last three clusters but 
least important in C1, in particular. ‘EQUALITY’ gives opposite results.  
 
Maybe most dramatic differences we find in trusting people or the legal system of the 
country. The order of the clusters is quite clear: trust in very in the last clusters. The same 
is concerned immigration that has not been considered to be good for economy in any 
cluster but however slightly positive in cluster C1, whereas very negative in cluster C6. 
As a summary, the differences between these 27 European countries are more remarkable 
than expected.       

 
FIG. 5: Description of the symbolic data describing the 6 clusters using StatSyr. 

 
 

5. Conclusion 
 
We have tried to convince a reader about the importance to use and to further develop 
symbolic approach also in the context of statistical data. It is ordinary even in statistical 
offices to aggregate data and disseminate them in this format. Such aggregates are not 



further analysed, but naturally interpreted based on classical data analysis that offers 
easily opportunity to further handle averages or other single estimates. Instead, it is 
difficult to analyse more complex aggregates such as frequencies or quantiles. Symbolic 
approach is a recommendable technique for this type of analysis. In our example, we used 
a specific new product, SYR, for this analysis. It is a good tool but needs to be further 
developed so that ordinary statisticians can also get benefit about symbolic data analysis.   
 
      
Annex 1 : definition of the attributes in the initial data 
 
CTJBCNT ‘Courts doing good or bad job in country’: 1: Very_good, 2:Good, 
3:Neither_good_or_bad, 4:Bad,5:Very_bad;  
TROFF5Y ‘How often committed a traffic offence last 5 years’: 1: Never, 2: Once, 3: 
twice, 4: 3 or 4_times, 5: >5_times 
Values and categories for the following 12 ones are from A (most positive, C (most 
negative), B (between positive and negative) 
HAPPY ‘How HAPPY are you.’ 
IMBGECO  ‘Immigration bad or good for country's economy.’ 
IMWBCNT ‘Immigrants make country worse or better place to live.’ 
PPLFAIR  ‘Most people try to take advantage of you, or try to be fair.’ 
PPLHLP ‘Most of the time people helpful or mostly looking out for themselves.’ 
PPLTRST  ‘Most people can be trusted or you can't be too careful.’ 
STFECO   ‘How satisfied with present state of economy in country.’ 
STFHLTH  ‘State of health services in country nowadays.’ 
TRSTLGL  ‘Trust in the legal system.’ 
TRSTPLC  ‘Trust in the police.’ 
TRSTPLT  ‘Trust in politicians.’ 
TRSTPRL  ‘Trust in country's parliament.’ 
Finally, we have the four life value variables created from the 21 questions by 
exploratory factor analysis. Thus, the mean over all 52 symbolic objects is equal to 0, and 
the standard deviation equal to 1, respectively. Our aggregation for each object is such 
that the minimum= 25% quartile and the maximum = 75% quartile, respectively.   
TRADITION  ‘ Traditions, formal rules, safe, etc. are more important if the factor score 
is higher.’  
EQUALITY  ‘Equality, caring the nature, understanding different people, etc are 
important.’ 
ENJOY ‘Enjoying, adventures, seeking fun, etc are important.’ 
SUCCESS  ‘Success, riches, thinking new ideas, etc are import’ 
 
Annex 2 Our data are from the 27 countries, and their two subgroups, that is, subjective 
poverty (coded by 1) or not (0). The graph illustrates the subjective poverty rate in each 
country.   
 



0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

U
k

ra
in

e

B
u

lg
a

ri
a

G
re

e
ce

R
u

ss
ia

Li
th

u
a

n
i

H
u

n
g

a
ry

P
o

rt
u

g
a

l

C
ze

ch

C
y

p
ru

s

S
lo

v
a

k
ia

Is
ra

e
l

Ir
e

la
n

d

E
st

o
n

ia

P
o

la
n

d

C
ro

a
ti

a

S
p

a
in

B
e

lg
iu

m

U
n

it
e

d
 K

in
g

d
o

m

F
ra

n
ce

S
lo

v
e

n
ia

G
e

rm
a

n
y

F
in

la
n

d

N
e

th
e

rl
a

n
d

s

S
w

it
ze

rl
a

n
d

S
w

e
d

e
n

N
o

rw
a

y

D
e

n
m

a
rk

Average subjective poverty in 27 ESS countries 

2010-2011

 
 
 
References  
 
Afonso, F., Haddad, R., Toque, C., Eliezer E.-S., Diday, E. (2012). User Manual of the 

SYR Software,  Syrokko internal publication, 70 pp., http:// www.syrokko.com 
 
Billard, L. and Diday, E. (2006). Symbolic Data Analysis: Conceptual Statistics and Data 

Mining. 321 pages. Wiley series in computational statistics. Wiley, Chichester, ISBN 
0-470-09016-2. 

 
Diday, E. and Noirhomme-Fraiture, M. (eds and co-authors) (2008). Symbolic Data 

Analysis and the SODAS software. Wiley, Chichester, ISBN 978-0-470-01883-5. 
 
Laaksonen, S. (2008). People’s Life Values and Trust Components in Europe - Symbolic 
Data Analysis for 20-22 Countries. In. Edwin Diday and Monique Noirhomme-Fraiture, 
“Symbolic Data Analysis and the SODAS Software", Chapter 22, pp. 405-419. Wiley and 
Sons: Chichester, UK.  
 
Laaksonen, S. (2010). The Survey as a Basis for Symbolic Data Analysis. In: Official 
Statistics , Methodology and Applications in Honour of D. Thorburn (Eds. M. Carlson, H. 
Nyquist and M. Villani), 93-106. 
 
The ESS data archive: Online; accessed 5 -Sept-2012]. http://ess.nsd.uib.no/ess/round5/ 



 

 

The challenge of a mixed-mode design survey and 
new IT tools application: the case of the Italian 

Structure Earning Surveys 
 
 

Stefania Cardinaleschi1, Stefano De Santis2, 
Fabiana Rocci3,Vincenzo Spinelli4 

 
1 Istat, cardinal@istat.it 
2 Istat, sdesanti@istat.it 

3 Istat,rocci@istat.it 
4 Istat, spinelli@istat.it 

 
Abstract 

 
The process of the Italian Structure Earnings Survey has recently been re-engineered 
to run the SES 2010, in order to optimize data quality within existing constraints of 
time and budget. The data collection is very complex, being both on enterprises and 
employers level. The focus of this work is on the problem related to managing a 
mixed mode data collection in order to achieve a consistent and integrated data base. 
This paper aims to present the overall flow of the new survey process, reporting for 
each stage the best practices and the first set of quality indicators, in an integrated 
E&I process and final data validation and publication.  
 
 
Key words: mixed mode, web questionnaire, administrative data 
 

 

1. Introduction 
 
The Structure of Earnings Survey (SES) represents EU-wide harmonised structural 
data on labour market. It is run under an European regulation1, that rules out the 
mandatory variables and quality indicators on which the design should be based. The 
objective of this legislation is to provide accurate and harmonised data on earnings in 
EU Member States and other countries for policy-making and research purposes and 
the final aim is to collect micro data on a representative sample of the universe of 
employees, in order to analyse and gather information on any differential aspect of 
wages and earnings.  
The peculiarity of the data implies a very complex survey because of  the wide 
coverage and the complexity of the required data, related both to enterprises and 

                                                 
1 Council Regulation (EC) No 530/1999 concerning structural statistics on earnings and on labour 
costs, and Commission Regulation (EC) No 1738/2005 amending Regulation (EC) No 1916/2000 as 
regards the definition and transmission of information on the structure of earnings. 
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employees. The process in Istat has recently been re-engineered to run the SES 2010, 
using a new collection procedures to produce the best possible data within existing 
constraints of time and budget. 
This paper illustrates the experience of the Italian SES of building an integrated 
structure to manage different flow of data, based on the concept of using a mixed 
mode approach fro the direct data integrated then with administrative data to specific 
extents. Specifically, it shows what has been done to implement the direct survey 
through a software that managed the design of the questionnaire, the monitoring of the 
web data capturing and also of the other modes of delivering the data. The first 
section explains the main features of the survey, providing an overview of the most 
important issues related to the data collection. The second section describes the 
overall data production process, that shows the mixed mode used for direct survey 
data from one side and integration with administrative data and other related survey 
on the other side. Finally, the third section shows the outcomes achieved in the 
process related to the web data capturing  and concludes the paper. 
 
 
2. SES survey and main characteristics 
 
The SES is an sample survey on private and public business, aimed at providing 
detailed and comparable information on relationships between the level of 
remuneration and individual characteristics of employees. The coverage is the 
economic activities from B to S of NACE Rev. 2, on business with 10 or more 
employees (the section O and units with less than 10 employees are optional). This 
implies a considerable response burden on the respondent, for the complexity and the 
length of the survey questionnaire. Furthermore, since that the focus is on microdata, 
the necessary attention to achieve a good quality of the data is still bigger. In this 
view, the process of the survey has been re-engineered completely, in order to make 
the most out of the experience done in the previous sessions of the same survey, 
together with the use of the advantages of the new technologies, that help in 
developing more efficient data capturing. 
 
 
1.1 Survey design: a description 
 
The Italian Structure of Earnings Survey is based on two stage sampling design: a 
sample of employees nested in a sample of enterprises. The focus is on the employees 
who have a direct employment contract with the enterprise or local unit and receive 
remuneration and have worked in the reference month of October. The survey collects 
data on socio-economic indicators including specific questions on earnings like sex, 
age, occupation (ISCO08), education (ISCED 97), full time/part time, mean monthly 
gross earnings in the reference month, mean annual gross earnings, number of hours 
paid includes all normal and overtime hours worked and remunerated by the employer 
during the reference month. The second stage of the sample establishes the number of 
required microdata according to the size in terms of number of employees (size-class), 
starting from requiring to the units belonging to the class of 10 – 19 employees a 
module for every employee, till 200 modules required to the biggest size- class (more 
than 10000 employees). 
The survey architecture has been built mixing different strategies, according to the 
characteristics and the available information about several starting frames and to the 
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available administrative data, to be integrated with the survey data. The first issue to 
be tackled is that the starting frame has to be divided into different sector, because 
different lists are available: 
� Private sector: the starting frame is the official register of active enterprises 

defined by Istat (Asia), with several information about every unit as number of 
employees. From this frame a random stratified sample is drawn on business with 
10 till 249 employees, on the other side a census is done on units with more than 
250 employees; 

� Public sector: the starting frame is the official Istat list of the Institutional units 
belonging to the PA sector2, it is supplied with several information about every 
units without the number of employees. 

For SES 2010 administrative data have been used in selecting the second stage of 
sample where possible, i.e. for private businesses for which the matching with 
administrative and fiscal data resulted to be robust. Furthermore, a more consistent 
and wide experience has been developed on the set of business operating in the public 
sector of the Education ( Section P, NACE Rev. 2 - 84). In this case, the complete and 
final estimates is obtained through the integration of different sources as 
administrative and fiscal data and survey archives. As a result, a first combination of 
sources and methods has been considered, as shown in the following scheme: 
� direct survey 

o Private sector - less than 250 employees: Stratified random sample by 
employment size/Nace 2 digit/nuts5; 

o Private sector - more than 500 employees: census; 
o Public sector - (excluded the Education economic activity): census;  

� Integration of administrative and statistical archives: Public sector - Education 
economic activity. 
 
 

2. Description of the process 
 
The integration of different design and different modes makes the process to be a 
mixture of different decision at every stage of the process. In order to organize the 
entire flow in an integrated way, a new process has been implemented with a 
computer-based tool at every step of the data capturing, data validating, data 
estimation and integration. The amount of data is huge and the quality needs to be 
validated at microdata level, thus the computer-based tools are used in several stages 
of the data management process. This allows the interaction of analyst with the data 
entry process and to establish very efficient functions of data mining to detect possible 
errors on data. 
In this view, the process of the Italian SES 2010 has developed a system basically 
based on a core of a web application, developed by the Institute itself. Such 
application allows the statistical manager to design the web questionnaire and to 
follow step by step the flow of the data from the respondent to Istat. 
 
 
2.1 The questionnaire 
 

                                                 
2 Based on the S13 SEC95 definitions 
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The questionnaire is designed to be the similar as much as possible in the web and in 
the paper form, especially the questions and the their sequence is strictly the same. It 
is organized in two sections: 
� the first in on the enterprise, where average annual figures are required, in order to 

keep information valid to supply annual estimates of per capita earning and per 
capita labour cost 

�  the second part contains the modules, one for every employee in the sample;  
The three modes that are contemplated for the direct survey are: 
� web questionnaire, on which a scheme of edits is developed, in order to validate at 

the source of the data; 
� an ad hoc file to be uploaded directly to the DB, after that the validation process is 

run trough the function defined on the web questionnaire, that can be considered 
in this view as an interface to the DB; 

� paper questionnaire, to be self complied by the units; obviously it has not any 
controls on it. In those cases, only the follow up done by the operator allows to 
ask for correction by the respondent. 

The questionnaire has been designed by the survey managers, using a standardized 
web application developed in Istat3. This software gives the possibility to customize 
completely the questionnaire: the layout, the sequence of the questions and the way 
how they are presented have been properly studied according to the characteristics of 
the variable. Every tools that would facilitate the compilation, as copy and paste 
facilitation and drop-down list, have been used where possible. The rationale that has 
strongly motivated this change is the possibility to introduce interactive edits on the 
web questionnaire, that means the possibility to ask respondents for check and, if 
necessary, to correct the data, resulting in minimizing the follow up from the 
operators. At first the statistical units are contacted by mail, with a letter where all the 
necessary information are given on the survey and its regulation, plus the user id and 
personal password to connect to he secure web site. The only mode that is allowed at 
first is the web questionnaire, trying to take advantage of the nowadays common use 
of internet also for every kind of communication in the job context. In the meanwhile, 
also a specific file comma separated values format (csv) can be used, it has to be sent 
to the survey managers, that would do the upload directly to the survey DB. This 
mode has been arranged as and parallel version of the web questionnaire, to be used 
especially for very big enterprises, because of the high number of requested modules 
to be filled. Indeed, any firm with a structured IT architecture could prepare a specific 
ad hoc query to exctract data, to be run for all the all the required modules.  where an 
most of the times an IT architecture is excepted to be structured. In this view, once a 
query is studied for a specific employee module, the query will be the same for all of 
the them. In this regards, a specific request has to be done to the survey managers who 
will follow the upload to the DB and would activate the check functions. After that, 
the respondent is asked to connect to the web and to proceed to the eventual 
correction. 
The number of edits is considerable, they can be soft or hard. In the first case, most of 
times edits are related to values that are considered to be strange according to average 
indicators drawn on the variable under study, therefore the respondent is only asked to 
confirm. On the other side, hard edits are implemented in order to underline 

                                                 
3 GINO++ (Gathering Information Online) 
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mathematical constraints not verified (sum of total, etc.) and the most important: the 
lack of mandatory variables. 
The validation of the given rules is not interactive with the data entry, but it is run 
after the proper button is touched, whether any error is located a list is printed on the 
screen in order to show which is the problem and to ask for correction. In most cases, 
this messages turned out to be quite clear in the message, in some other cases many 
requests have been formulated by the respondents, for which a further communication 
by email, fax or telephone has been very important in understanding how to compile 
the questionnaire. After some months, the complete paper questionnaire is sent to the 
not respondent, accompanied by the letter with all the explanation about the survey 
and mention the possibility and the chance to use the web questionnaire. Every paper 
questionnaires is checked by the survey operators in their general characteristics, if 
any mandatory variable or, what most of times happens, some employees module is 
missing are contacted by phone, in order to obtain such data. After that, the data entry 
phase is carried out creating a txt file, that would be uploaded directly to the survey 
DB. 
 
2.2 Administrative data 
 
In this part are described the statistical and methodological steps made to define the 
samples of employers and employees belonging to the public Education sector. In this 
case, there is not any single archive that could gather all the mandatory variables. This 
condition implies to collect, harmonize and integrate more than one archive to get the 
outcome required from very heterogeneous  sources (i.e. for size, structure, and 
reference period), as the administrative registers and statistical archives are. The 
integration cannnot be straightforward because the statistical units and/or the key 
variables are not always the same in all the available sources.  
All the data sets considered can be classified as Administrative registers (AR) or 
Statistical archives (SA) and this project mainly consider two administrative sources: 
the 770 Form tax register (770 Form) of the Italian Revenue Agency and the Payroll 
data sets by of the Italian Ministry of Education, Universities and Research. 
Furthermore, all these data sets were integrated with those ones coming from two 
important Istat surveys in Italy: the official Labour Force Survey4 (LFS) and EU-
SILC Panel Survey5 (EU-SILC). The integration of different and not homogeneous 
data sets requires to solve several Record Linkage problem6 (RL). In this framework, 
records are linked on the basis of common data. Records from the two or more 
sources that are believed referring to the same individual are matched in such a way 

                                                 
4 LFS contains information on all the variables concerning the labour market status of 300 thousands 
Italian families and about 800 thousands individuals. The sample is a rotating panel of households: 
each sampled household remains in the sample for two quarters, than exits for two quarters and enters 
again for two final one before leaving the sample. This structure allows reconstructing labour market 
flows on a quarterly and annual basis, but only the annual longitudinal structure is made available in 
the micro-data. 
5 EU-SILC is a panel survey, carried out in different EU member states, and providing every year cross-
sectional and longitudinal data on income, poverty, social exclusion and living conditions. Information 
is collected about both households and household members at the same time. Moreover, households 
and household members are followed and surveyed yearly, during four years. 

6 Record linkage refers to the task of finding entries that refer to the same entity in two or more files 
and it is an appropriate technique when to the target is merging two or more data sets that do not have a 
unique database key in common. 
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that they can be treated as a single record for that individual. A match in a 
deterministic linkage is made when a sufficient number of identifiers agree exactly 
between two records. In probabilistic record linkage, the comparison or matching 
algorithm yields for each record pair, a probability or “weight” which indicates the 
likelihood that record pairs relate to the same entity (Winkler, 2001). In literature, 
there are several approaches to record linkage (like rules-based approach or 
Probabilistic Record Linkage etc.). The outcome achieved is an integrated data set 
which contains all the mandatory variables. 
The further development achieved in this session of the survey, after the one started in 
the previous session, has given us the chance to transform it in a standard tool for the 
statistical production line. The project has some important aspects being underlined: 
� successfully applying of PRL techniques for the integration of Administrative 

sources and Statistical ones; 
� compiling wage and labour cost statistics for Education sector without using an 

additional ad hoc surveys devoted to this task; 
� achieving a great reduction of the response burden, being this reduction, 

simplification and priority-setting in the field of Community statistics; 
� allowing to get the best definitions of the universe for the Education sector and the 

compilation of all the mandatory variables for Eurostat SES survey by jointly 
using of administrative and statistical sources. 

A combination of administrative data for extrapolation supported by regular 
benchmark surveys or low-frequency surveys would be a strategy for reducing the 
response burden and costs. 
 
 
3. Direct survey: main characteristics and quality indicators 
 
The re-engineering of the survey process has been based on a completely new web 
data capturing architecture, through a generalised software to design the questionnaire 
and a scheme of interactive validation edits. The list of statistical units (about 20.770) 
directly surveyed is defined at the beginning and completely upload into the system, 
that allows to manage every kind of follow up to respondent units. Furthermore, every 
useful information about the unit can be stored in the same system in a way to 
centralise in an unique table the situation about the starting frame. This is useful 
especially in the case  the unit shows to have a different status than the on given in the 
starting frame (any modification for example or less employees than estimated), that 
is related to the previous year than the one the survey is about. Any type of related 
information is thus registered  in a standard way, regardless the mode has been chosen 
by respondent, and the unit can self monitories the status of their data, even in the 
case the chosen mode was not the web data entry. The system presents several 
columns for each record like in underlying Table 1. 
 
Table 1 - Respondent units 
Units On line status Anagrafic status Type of errors 
User id    
…    
Where for every information several flag are possible, the combination of which make 
the information on every record complete, at each stage of the survey it is possible to 
verify the state of a unit. The system of flags is given by: 
� on line status: a. not registered; b. registered; c. delivered; 
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� anagrafic status: a. active on line data capturing; b. paper; c.less than 10 empl. Out 
of scope; d. modification (there are several code); 

� type of errors: a. red: at least one mandatory variable is missing and/or at least one 
hard edit is not satisfied, in this case a correction is compulsory; b. orange: all 
mandatory variables are complete, hard edits satisfied, at least one soft edit is not 
satisfied, in this case a confirmation of the data an explanation is required, no 
change of the starting data is compulsory. 

Those three flags can combine in different way, especially the II flag can be present 
even in the case the unit has not registered, because the information about their state 
was given to the institute in other ways and the information is delivered into the 
system by the operators. On the other side, the combination of the I and III flag is 
related to the validation of data, once there are uploaded to the DB. Thus, it is possible 
to verify the status of every unit and in the case they have started to work on line, the 
complete check of any type error is available and can be viewed also by the 
respondent. Indeed, regardless the chosen mode, once the data are uploaded on the 
survey DB, the regarding online questionnaire results being compiled and also the list 
of possible errors can be read. At this stage of the survey, that is reaching the closing 
date, first results about the total response rate can be  elaborated, considering its 
composition in terms of chosen mode and of kind of errors they present. First of all, 
these are the results among all the units that have answered to the institute, 
considering any further information has been given as transformation with respect to 
the starting that makes the units out of coverage: 
 
 
Table 2 - Respondent units 
units     
out of scope/not eligible   1777* 
paper questionnaire  318 
upload file   198 
web questionnaire at work 620 
  delivered 7734 
 total   10647 
*most them regarding the wrong address/list errors 

 
One interesting aspect to be evaluated is whether the specific behaviour in choosing 
the mode of gathering data depends on the size class of the units. Every result has to 
be considered in relation to the number of units belonging size class in the starting 
sample, that decrease with the size class. So far, it is better to consider the result in 
percentage relatively to every size class. In this way, it is possible to say (see table 3) 
that the percentage of paper questionnaire is quite constant along the several classes. 
On the other side, the number of requested upload file is related to the size class, 
resulting in increasing as the size class increases. As expected, these results can be 
viewed as the opposite mode against the web questionnaire, for which the percentage 
decreases as the former one increases. 
 
 
 
Table 3 - Questionnaire - mode by size class 

size class Paper 
questionnaire 

Ad hoc file Web 
questionnaire 

total 
answer 

amount 
of 



 
8

units* 

  num. % num.  % num.  %     
10 -19 102 3.7 6 0.2 2639 96.1 2748 6800 
20 – 49 59 4.0 5 0.3 1429 95.7 1493 4566 
50 – 99 45 4.7 5 0.5 894 94.8 943 2554 
100 – 249 32 3.2 10 1.0 958 95.9 1000 1733 
250 – 499 44 3.5 30 2.4 1160 94.1 1233 2156 
500-999 23 3.2 42 5.8 654 91.0 719 981 
1000-1999 8 2.1 48 12.5 327 85.5 383 444 
2000-3999 4 1.7 18 8.4 191 89.9 213 262 
4000-7499 1 1.3 12 12.4 83 86.3 96 99 
7500-9999 1 3.0 6 29.3 14 67.7 20 25 
more than 
10000 0 0.0 18 80.6 4 19.4 22 

30 

Total 318   198   8354   8870 19650 
the total amount of units is related to the starting frame, where the class size of the units belonging to the public 
sector is not available 

 
As first measure of efficiency of data capturing via web can be considered the time, in 
number of days, used for definitely compiling the questionnaire, that shows the 
following results on the total of delivered web questionnaire7. 
 
Table 4 - Number of delivered web questionnaires by size class and number of 

days for compiling 
  Number of days from registration till the final delivering of the 

data 
size   n. 

module 
1 day 2-10 

days 
1 
month 

2 
months 

3 
months 

+3 
months 

 total 

10 – 19  All  148 460 907 542 227 438 2722 
20 – 49  20 53 198 410 297 127 252 1339 
50 – 99  25 31 141 226 191 89 161 839 
100 – 249  35 15 108 326 194 82 144 870 
250 – 499  40 22 163 435 296 128 226 1271 
500-999  50 7 79 176 171 89 166 690 
1000-1999  60 4 32 94 85 60 92 368 
2000-3999  65 0 10 68 65 37 52 231 
4000-7499  75 2 3 26 18 20 20 90 
7500-9999  100 0 0 3 2 3 7 16 
more than 
10000 

 200 
0 1 2 5 3 8 19 

Total  284 1196 2674 1866 866 1568 8454 
In this regards, as shown in table 3, it can be considered to be a good results that about 
the 4 per cent of the total has implied only one day for completely delivering the 
questionnaire and that the 43 per cent has finished it in one month time. It results to be 

                                                 
7 The total number of questionnaire is less than the total delivered ones, because for some of them it 
was not possible to register the necessary dates for several reasons. 
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obvious that for every timeliness, the number of days depends strictly on the size 
class, regarding that this means different number of requested employee modules. 
3.1 Indicators on the web questionnaire 
To go further in details, it is good to start to evaluate quality of data. Form this point 
of view, some results are illustrated on the web and uploaded questionnaires, for 
which a direct analysis is possible. First of all, among the questionnaire defined to be 
still at work it is necessary to verify whether they are properly compiled in order to 
consider them as response (even if partially compiled). In this view, 702 out of more 
than 1900 questionnaire have the minimum of modules gathered (at least one). As 
first check, it is shown the distribution of the percentage of complete questions of the 
part of the questionnaire related to the enterprises: 
 
Table 5 - number of questionnaires by percentage of compilation of the first part 

of the model 
 status 
 % of compilation average at work delivered 
0 - 25 49 171 
25 - 50 372 4865 
50 - 75 185 2541 
75 -100 15 157 
TOTAL 620 7734 
 
A further measure to understand where is the problem in delivering mandatory 
variable is about the number of module compiled, indeed it is possible to show that 
among the at work questionnaires there are 215 (out of 702) that are still missing 
some module with respect the mandatory number required. The last measure that is 
always checked in order to evaluate the goodness of questionnaires is the percentage 
of variables answered into each module. 
 
Table 6 - number of questionnaires by percentage of compilation of each 

modules  
 status 
 % of compilation average at work delivered 
5- 25 127 0 
25 - 50 129 0 
50 - 75 195 944 
75 -100 169 6790 
TOTAL 620 7734 
 
Conclusions 
 
The experience of the SES 2010 has been a good experiment to definitely establish an 
efficient web data capturing, based on an integrated system to monitor every aspect of 
a survey on business, and an integrated of administrative data with archives from 
surveys into a permanent tool. From this point of view, we can affirm that it shows 
very good results on the direct survey, that already have guarantee an higher response 
rate than the previous SES session. The aspect that has encouraged the change was 
mostly the chance of using interactive controls and edits.  In this view, considering 
simply the result shown in table 2, on the total of records to be considered as answers 
about the 90.0 per cent to be completely and correctly delivered to the final outcome 
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(the number of delivered questionnaires related to the total of answers). This is a good 
result, because every step taken afterwards (as the E&I process) depends strongly on 
the quality of the response record’s characteristics. Even though, as shown in the other 
tables, it is not enough to reach the unit to convince it to compile completely or at 
least in the most of the mandatory parts of the questionnaire (i.e. in this case the 
employee modules), indeed most of the at work questionnaire has to be considered as 
non-response because of the lack of the modules. As a global result from this 
experience, there is the willingness: 1. to extend the use of integration administrative 
and statistical archives to the other domains; 2. to optimize the use of IT tools for the 
direct survey with the web questionnaire, dedicated to the variables that are absent 
from any kind of administrative archives; 3. to optimize the use of IT tools to make 
the statistical manager capable to manage every stage of the survey. 
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Abstract 
 
In recent years, many European and international statistical organisations have 
initiated developments to restructure their statistical production process, with the aim 
of improving its efficiency and the ability to produce outputs that better satisfy user 
needs.  
In this framework, the main topic of this study is to describe the path towards the 
design of a Business Architecture (BA) suitable to meet the specific requisites of the 
Italian National Institute of Statistics (Istat). 
Like other National Statistical Institutes, for several years Istat has been engaged in a 
series of complex challenges, dictated on the one hand by the requirement to increase 
the production of statistical information and its quality, on the other hand by the need 
to reduce both the total cost for its production and the respondent burden, so as to 
work in a more efficient and optimised way. 
In order to find proper solutions and increase the overall efficiency, since 2010 Istat 
has launched a Programme called Stat2015, that is focused on the modernisation of 
the whole statistical production procedure. 
 
 
Keywords: Modernisation; value chain; Service Oriented Architecture (SOA). 
 
 
1. Background 
 
Among the main Stat2015 Programme objectives there is the achievement of 
modernisation prerequisites, such as standard IT tools and methods, audit activities to 
certify and validate methods and software, change management approach with regard 
to ICT area (see Figure 1).  
Nonetheless, the most important issues are standardisation and industrialisation of 
production processes based on reuse (of data, methods and processes) and on the 
adoption of a model founded on shared services within a service-oriented architecture 
(SOA) framework. 
One of the most relevant obstacles to the success of such an ambitious project lies in 
the fact that Istat is presently characterised by multiple organisational models 
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(concerning financial, technological, regulatory sectors, etc.) that tend to be 
inconsistent.  
 

 
 
Figure 1 – Stat2015 new model of production process 
 
Source: Our processing, 2012. 
 
The use of different vocabularies and terminologies sometimes can lead to conflicting 
descriptions of the same entities. Production processes in most cases are also 
organised following the logic of non-integrated stovepipe models. 
This lack of homogeneity of language and organisational approaches makes the 
dynamics of change expensive and complex and draws the attention to the importance 
of achieving a unity of views on the current situation, so that each section of the 
Institute may undertake a work of innovation consistent with the objectives that 
should be achieved. 
It is therefore necessary that Istat adopts a common language in order to enable all its 
components both to conceptualise the given situation (“as is”) and the one to be 
reached at the end of the evolution process (“to be”). The description of the two states 
(present and future) also allows to design a path towards possible changes in a more 
rational and measurable way, defining specific actions involving different skills that 
need to interact within a shared view of a tangible progress. 
In this framework, this work aims at formulating a Business Architecture “to be” 
model that considering the lack of a European and international standard is based on 
established and well-experimented best practices. In particular, the BA model 
considered to be the most appropriate for Istat is inspired both by the Dutch Central 
Bureau of Statistics (CBS) (Bredero et al, 2009) and by the international standard 
GSBPM (Generic Statistical Business Process Model) (UNECE/Eurostat/OECD, 
2009).  
CBS was carefully chosen after a comparative study of the different approaches of 
various National Institutes/Offices of Statistics. The Dutch example, indeed, has been 
operating for several years and proving to be very successful: it clearly identifies four 
main business functions which are all relevant at the governance level, splitting policy 
and management. It distinguishes clearly the design activities from those related to 
current production process. Therefore, it is compliant with one of the fundamental 
principles underlying process automation (or industrialisation), i.e. making the 
statistical process as efficient as possible. An industrialised process, indeed, is based 
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on the independence of its implementation stage from the high competence of human 
resources involved in its design.  
Afterwards, significant changes have been made to CBS model, concerning mainly:  
- the activities defined within the four different business functions that, when possible, 

have been aligned with those set out in phases and sub-processes proper of the 
GSBPM, recognised as a real standard and adopted at international level; 

- the basic principles and the general scheme, that have been customised and 
readapted to Istat specific situation, also taking into account the introduction of some 
important innovations, such as the Web 2.0 approach, and some important 
international initiatives, as the launch of a harmonised programme of standardisation 
within the whole European Statistical System. 

The consistency of Istat BA model with the GSBPM allows to reach a good level of 
compatibility also with other international standards for official statistics, including 
the Generic Statistical Information Model (GSIM) (UNECE – HLG-BAS, 2012). 
 
The scenario just outlined brings out the relevance of implementing an Enterprise 
Architecture (EA), which allows a standard approach for the representation and 
management of organisational changes. EA can be defined as the reference model by 
which an organisation operates and is structured to achieve its objectives, whereby 
each lower layer is governed by the higher one by means of a requirement chain and 
of modelling processes. In this way, it is possible to move from the level of 
conceptual representation to more and more operational and technological ones.  
In general, it is a one-way diagram, with the possibility of introducing feedback 
mechanisms important for the development of solutions. 
 
An interesting application example of this model to the reality of a National Statistical 
Institute is the one proposed by the United Nations Economic Commission for Europe 
(UNECE), in which: 
 
- Business Architecture, with the relative Process Model, represents a fundamental 

node which ensures a bridging function between the enterprise architectural level 
and the operational level. In this context, production processes are defined and 
integrated in such a way that all inputs are properly assembled to produce the 
required outputs; 

- the second node includes production processes and related methods, together with 
data and metadata information flows between different parts of the production 
process; 

- the last node of this conceptual scheme concerns the technological layer, i.e. systems 
and tools of the Information Technology (IT) which constitutes the technical 
solution for production process implementation. 
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Figure 2 – The Enterprise Architecture logic in a “to be” model of a National 
Statistical Institute 
 
Source: Our processing from UNECE - High Level Group-Business Architecture in Statistics (HLG-
BAS), 2012. 
 
 
BA is therefore called to play a central role in a programme as complex as that of 
industrialisation and standardisation of statistical information production.  
 
 
2. Fundamental principles  
 
Through BA it is possible to outline a conceptual scheme for a complete 
representation of the organisation (with its fundamental principles), useful to the 
achievement of change goals. 
The whole reference system is led by BA fundamental principles that become real 
guidelines for the implementation of each business domain action. In detail, the 
following nine different governing principles, suitably defined and addressed 
specifically to Istat, ensure the success of the Institute BA model: 
 

1. the statistical process is a logical and value chain of activities clearly separated in 
different Business Domains (Strategy, Design, Management and Implementation), 
which are controlled by specifically defined rules; 

2. the whole statistical process is output-driven; 
3. it is necessary to standardise all statistical processes utilising SOA, so as to 

maximise the benefits arising from the reuse and adoption of standards contained 
in the Repository of standard Methods and Guidelines (RMG); 

4. it is necessary to industrialise statistical processes, ensuring the independence 
between design and implementation;  

5. no regular production activities can be conducted without having completed the 
design of referential metadata of model, process and rules; 

6. it is necessary to clearly distinguish between the data actually processed and the 
metadata describing definitions, quality and process activities. The set of data and 
metadata represent a shared asset to be optimised; 
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7. the Repository of Data and Metadata (RDM) and the Repository of Tools and 
Applications (RTA) represent an Istat asset. It is necessary to exactly define its 
products, so as to ensure that they can be re-used, traceable, mutually related to 
their different versions; 

8. it is necessary that the internal statistical information flow goes exclusively 
through the Repository of Data and Metadata (RDM) infrastructure; 

9. it is necessary that the production process be implemented on the bases of 
generalised tools and the reuse of the applications contained in the Repository of 
Tools and Applications (RTA), developments from the scratch should be limited 
to what is not already available. 

 
In addition, infrastructure elements of the “to be” model are defined. In a nutshell, the 
information produced at its various stages of processing should be conceived as a 
common good, to be stored in the available infrastructure of the Repository of Data 
and Metadata (RDM). Statistical methods applied to processes should be recognised 
as standard and made available in the Repository of standard Methods and Guidelines 
(RMG). 
In the same way, the set of production applications of the Institute, i.e. those 
necessary to ensure the realisation of statistical information to be disseminated to 
external users, should be also considered as a common good to preserve and share, 
maximising the use and reuse, through the infrastructure of the Repository of Tools 
and Applications (RTA). This repository has to contain three distinct categories of 
software:  
- generalised IT tools; 
- reusable applications; 
- ad hoc applications, non-reusable. 
 
Shared services and standards should also be defined and implemented, with regards 
to: 
- data and metadata; 
- methodologies; 
- processes; 
- Information Technology (IT); 
- the way to organise all the activities. 
 
Once the main aspects of the above elements have been identified, the explanation of 
BA follows the logical sequence during which are defined: 
- main areas (or business domains) characterising Istat organisation; 
- logical chain of statistical processes; 
- process activities; 
- input and output of each activity, i.e. specific information products, depending on 

the context that is reflected in both data and metadata; 
- value chain of BA, which is also the conceptual model underlying specific 

developments of the other EA components, such as the technological ones related to 
the IT architecture. 
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3. Business domain products and activities 
 
The main step in the definition of Istat BA is to identify homogeneous areas with 
respect to the nature of the information processed and/or services that insist on this 
information. Using a language typical of this organisational approach, these areas are 
called business domains and are defined guaranteeing an independence from the 
current organisational structure of the Institute, so as to ensure their stability with 
regard to any future institutional processes of reorganisation. 
In detail, as established by fundamental principle number 1, four business domains are 
defined in the following: 
- Strategy; 
- Design; 
- Management; 
- Implementation. 
 
Each business domain is characterised by specific activities with a close connection 
with the GSBPM, except for the Strategy since it is not considered in this standard 
model.  
In particular, Strategy activities are: 
- S1. Maintenance and consolidation of strategic relations;  
- S2. Budget definition; 
- S3. Strategic Planning; 
- S4. Internal and external data source management; 
- S5. Policy definition for process improvement; 
- S6. Project portfolio management and Capacity management. 
 
Design activities are: 
- D1. Determine needs for statistical information (GSBPM sub-processes 1.1, 1.2, 1.3, 

1.4 and 1.6); 
- D2. (Re)Design statistical outputs (GSBPM sub-processes 2.1 and 2.2); 
- D3. Check data availability/(Re)Design data sources (GSBPM sub-processes 1.5); 
- D4. (Re)Design production system and rules (GSBPM sub-processes 2.6 and from 

2.3 to 2.5). 
 
Management activities are: 
- M1. Planning (GSBPM sub-processes 3.3); 
- M2. Monitoring (GSBPM sub-processes 9.1 and 9.2); 
- M3. Adjustment (GSBPM sub-processes 9.3). 
 
Implementation activities are: 
- I1. Tool and application reuse/development and release for the production (the 

whole phase 3 of GSBPM); 
- I2. Collect: preparatory stage (sample selection; set up collection) (GSBPM sub-

processes 4.1 and 4.2); 
- I3. Collect: run and finalise data collection, administrative source acquisition, 

standardisations (GSBPM sub-processes 4.3 and 4.4); 
- I4. Process: integration, classification and coding, editing, imputation, new variables 

and statistical units derivation (GSBPM sub-processes from 5.1 to 5.5); 
- I5. Process: calculate weights and aggregates (GSBPM sub-processes from 5.6 to 

5.8); 
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- I6. Analyse: validate, apply disclosure control and finalise outputs (the whole phase 
6 of GSBPM); 

- I7. Disseminate: produce and release dissemination products (the whole phase 7 of 
GSBPM); 

- I8. Storage in the Repository of Data and Metadata (RDM) (the whole phase 8 of 
GSBPM). 

 
Each business domain supplies the necessary products for carrying out statistical 
processes. 
Strategy provides the framework (i.e. all the methods, processes and rules) for the 
statistical process control and organisation. Its products include: budget, regulations, 
agreements with other bodies/agencies, strategic planning, standards, capacity 
management, reports from the management (including risk management, 
measurements of performance, audit and quality control, Portfolio of projects). 
Design produces the meta-information essential for the functional organisation and for 
the statistical process control. Its products comprise: technical designs, action patterns, 
instructions, process indicators and their description. 
Management utilises the control information in real time. Its products embrace: the 
scheduling of activities, description of results, state implementation, reports on the 
achieved quality and plans for the improvement and adjustment of procedures carried 
out. 
Implementation realises the transition from the initial sources to the statistical 
information. Its products include: data archives and the metadata that describe them, 
as well as application tools used in the process. 
 
 
4. The value chain of the Business Architecture conceptual model 
 
The statistical process represent a logically ordered chain of activities that can also be 
considered as a value chain, as each step increases the value of the statistical product.  
Business Domain activities and products are the main elements of statistical 
process/value chain. 
At a high level of abstraction, activities are processes that can be distinguished in the 
statistical value chain, and products represent objects. 
If processes are ordered in a logical way, it becomes possible to represent the process 
chain, which starts with the stakeholders and concludes with users (see Figure 3). 
 
In Figure 3, rectangles represent the four business domains, rhombuses are specific 
activities or business services (processes), cylinders symbolise information products 
(data and metadata) or applications, while large ovals indicate actors and external 
entities. The labels of each activity are indicated inside the little white ovals. 
 
Although the scheme of BA model is static, the statistical process is dynamic by 
nature and is realised through the iterative repetition of chain parts, which also depend 
on the possibility of reusing processes and/or information products. 
Changes to a node in the step sequence can impact on all subsequent ones, but should 
have no direct impact on the previous stages. 
Although the scheme of BA model is static, of course the statistical process nature is 
dynamic and is realised through the iterative repetition of chain parts, which also 
depend on the possibility of reusing processes and/or information products. 
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Changes to a node in the step sequence can impact on all subsequent ones, but should 
have no direct impact on the previous stages. 
The chain can be seen as composed by the union of two parts, each of which consists 
of two Business Domains: Strategy and Design, Management and Implementation. 
 

 
 
Figure 3 – The Business Architecture conceptual model 
 
Source: Our processing 2012, from Statistics Netherlands BA Model and GSBPM. 
 
 
Activities related to Strategy and Design are realised only the first time that the 
statistical product is approved and projected. 
The activities related to Management and Implementation are repeated on a regular 
basis in each processing iteration for the release of specific statistical products. 
 
 
5. Future steps 
 
The BA conceptual model illustrated above allows to overcome the limits of the “as 
is” Istat situation: 
- the existing information/organisational model is very complex; 
- most of the statistical processes are still organised as stovepipes, i.e. vertically 

integrated in silos only partially communicating with other processes; this 
emphasises heterogeneity of procedural and methodological approaches, which is 
not always justified by the covered topic variety; 

- there is a lack of standards regarding processes, methods and technologies; 
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- there is a great redundancy of data and applications; 
- it is often necessary to provide ad hoc developments for the harmonisation of 

applications industrialised in different environments. 
 
For this reason, in this document is outlined a “to be” model of Business Architecture, 
which offers an integrated view of the statistical production process, that can facilitate 
the realisation of Istat industrialisation and modernisation. This permits the 
achievement of an adequate organisational flexibility, ensuring the independence 
between Design and Implementation, in order to make available skilled resources so 
as allocating them to innovations. These resources, indeed, in a not industrialised 
situation can run the risk of being involved in a suboptimal way, e.g. in the redesign 
of existing tools or in the mere repetition of current and structured processes. This 
becomes crucial especially in the present economic context: the acquisition of 
additional resources is not likely and consequently innovations can be achieved only 
through an efficiency retrieval. 
In the medium period, the BA conceptual model can be made operational through a 
road map properly designed and scheduled, focusing particularly on the 
implementation of some of the basic infrastructures provided, both in terms of 
procedures (such as the management of the Portfolio, the compliance assessment of 
the several statistical production processes with the BA and EA principles, with their 
subsequent validation, etc.) and in terms of shared services (the Repository of 
standard Methods and Guidelines, the Repository of Data and Metadata, the 
Repository of Tools and Applications). 
In this road map planning phase, a particular attention is focused on the realisation of 
Istat Business Architecture giving priorities to the definition of: 
- the governance, to provide the strategic directions, to coordinate, to validate and to 

monitor all the necessary activities, also involving some Istat reference committees 
(e.g., methodology, quality, innovation and research etc..); 

- the organisational structure, for the different operational phases and to advise the 
governance arrangements for the basic infrastructure implementation; 

- the communication process, to share BA principles within Istat and to disseminate 
their knowledge. 

 
As illustrated in the present study, the Business Architecture can provide an important 
support to an integrated and ordered implementation of all the necessary innovations 
useful to carry out the industrialisation and modernisation process. 
This involves necessarily an active participation of Istat and the sharing of broader 
initiatives aiming at increasing integration at European and international level. 
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Abstract 
 
In this paper we present a statistical approach to examine the relation between life-
satisfaction of Mexican people and a number of variables in different social contexts. The 
source of information was the Survey to Measure Life-satisfaction and Happiness of 
Mexicans made  by INEGI in 2012. The obtained results in this study were similar to 
other studies of its kind. The negative effects related to an unsatisfactory feeling are 
unemployment, having difficulties in life, and the negative effect of getting old. The 
positive effects are: to belonging to a good economic status, certain moments of joy, and 
to have an good affective and social life. When comparing these models from a gender 
perspective, one can appreciate important differences. E.g., the aging effect is not 
significant in the male model, whereas to have a upper education level brings a positive 
effect only  in women.  
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1. Introducción  

 
In recent years there has been a growing interest in measuring people’s happiness and 
satisfaction by taking into account elements considered to be closely related to these 
variables. The results of these measures add to relevant information in such areas as 
psychology, economy, sociology and politics, among others. Even though this is a 
popular subject and these disciplines take interest in it, there is no agreement on the 
definitions of neither terms “life-satisfaction” nor “happiness” and the real determinants 
that contribute to these. 
 
It has become a common practice to use happiness surveys, where the interviewee states 
his/her degree of happiness or life-satisfaction, and defines his/her position in these 



variables. All this considered, happiness is subjective thus, each person, depending on his 
social status, cultural codes, kind of society, biological and personal circumstances 
(Julián Marías, 1966, p. 84), will have a unique and responsible assessment of what is 
happiness and consequently, the variables employed to define happiness will vary from 
person to person. This is why many studies (this one included) concentrate on measuring 
and interpreting the assessment made by the person about how he or she experiences the 
life conditions and other factors that affect it. 
 
Statistics play a key role when measuring this concept. We have considered different 
approaches, perspectives, and methods from descriptive statistics to means, frequencies 
and proportions that identify or detect extreme values and study variables’ distribution. 
We have also considered  bivariate correlations through contingency tables and bivariate 
plots. Since most variables from this study are categorical, we use the ji-cuadrada  test to 
see the degree of association between paired variables. These techniques are considered 
to be the first approach when searching the variable’s determinants in question, since they 
allow us to find mutual variations among variables without considering effects that come 
from other explicative variables. Other techniques such as lineal regression, logistic 
regression, and ordinal regression are more sophisticated and useful tools that do consider 
the correlation among between multiple explanatory variables. 
 
In this study we propose a logistic ordinal model to find the determinants that contribute 
to Mexican people’s well-being based at information obtained from a module named 
Auto reported Well-being, elaborated at The National Institute of Statistic and Geography 
(INEGI by its name in Spanish, Instituto Nacional de Estadística y Geografía) in 2012. 
 
Variables that may be considered as dependents are the following: life satisfaction, 
happiness, and affective balance (it is a balance between moods from the precedent day). 
The ‘life satisfaction’ variable is at the centre of this study and  it is related to explicative 
variables obtained from the aforesaid module that can be grouped in different dimensions 
such as social or economical circumstances, psychological characteristics, family and 
work situations. 
 
In the following paragraphs we present the data that were considered to make this study. 
We detail the statistical method; we show and interpret results from a gender perspective 
using the statistical package STATA 11.0. We propose working lines for future research. 
 
 
2. Data 
 
The database used in this study comes from the Module National Expenditures Survey 
1/2012 made in Mexico at INEGI, to people between 18 and 70 years old. This module 
was called of Self-Reported Well-being (SRWB) (BIARE by its name in Spanish) 
composed 10 654 questionnaires for 66 questions each one. 
 



In this module one can obtain people’s information on different areas such as economical 
situation, family, social, and affective lives, personal and future perspectives, educational 
level, health, personal achievements, and how they spend their free time, among others. 
 
The satisfaction life variable is the one taken as dependent; the person assesses his/her 
life satisfaction in a scale from 0 to 10. The question is In general, how satisfied do you 
find yourself with your own life? 
 
In table 1 we show the variable’s distribution. 
The highest satisfaction frequencies are in the 
highest degrees: 8, 9 & 10. This frequency 
increases according to the satisfaction degree; 
which would justify an ordinal model for the 
analysis. 
 
A number of explicative variables was chosen 
and divided into three dimensions or factors: 
 

a) Socioeconomic variables: those related 
with the individual’s position within the 
social environment. Marital status, age 
(categorized in 4 levels), scholar instruction level, activity’s condition.  

b) Variables of use leisure time and self-perception: those related with actions and 
personal decisions (i.e., physical activity, recreation, freedom and personal 
autonomy, environment and participation, personal appearance, social life, use 
leisure time, personal achievements, religion, pets). 

c) Life events variables: those related with some event that can take place 
throughout life such as the decease of a beloved one, educational opportunities 
and current life level in comparison with those of the individual’s parents, health, 
physical or emotional aggression from someone in the same household or form a 
stranger   produced from third parties. 

As a first approach, we analysed the explicative variables with the dependent through 
contingency tables and ji-cuadrada test confirming the current relation between them. 
This study is not described in this article. However, the impact between them was 
confirmed on the dependent variable to be used in the proposed model. 
 
In the following section we justify the used model for that measurement.  
 

 

 
 
 

Table 1 

Life satisfaction 

Life 
satisfaction 

Frecuency Percentage 

0 144 1.35 
1 32 0.30 
2 49 0.46 
3 87 0.82 
4 147 1.38 
5 618 5.80 
6 672 6.30 
7 1,514 14.20 
8 2,385 22.37 
9 2,202 20.65 
10 2,813 26.38 

Total 10,663 100.00 

 



3. The Statistical Model 

We started from a group of k variables   � = (��,	��,⋯ , �
), we will be  called explanatory 
variables , Y  is called dependent and it has J orderable categories, That is, � < ���	∀	� =
1,2,⋯ , �.   
 
This observed variable is discrete and it determines that current the event j or not.  
Behind this event there might be a probability of occurrence non-observable of type 
continuous, that once crossing certain threshold it will determine the occurrence of the 
event. 
 
We propose to find the odds for each dependent’s category. That is, �(� = �|�) = �. 
Within the context in question, � is the probability that a random-selected person has the 
j satisfaction degree, which on its turn depend on the explicative variables x and j varies 
from 0, 1,..,10. 
 
One’s first impulse would be to use the Ordinary Least Squares Model due to its 
advantages such as its easy coefficients interpretation. However, to use this technique for 
discreet variables violates the most basic assumptions of the model; such as the 
independence between predictor and the error term and non-constant variance of errors 
across combinations of predictor values.  
 
Even though certain things can be done to guarantee the assumptions to be fulfilled, the 
OLS-model estimation does not guarantee that predicted probabilities will be within the 
range 0 to 1. This is its greatest disadvantage: prediction will be out of range. 
 
In spite that interpretation is more complex than in an OLS model, the best way to 
analyse categorical variables is a logistic model. The Logistic Regression Model is the 
base of all logistic techniques and it is defined for dichotomous variables. However, the 
life satisfaction  variable has more than two categories and these are of ordinal scale. This 
is why an Ordinal Regression Model is the most adequate. 
 
The motivation of a logistic model is the use of continuous values, such as proportions or 
probabilities, which is why a latent non-observable variable Y* is defined. This variable 
is related to Y under the following relation:  If Y falls in the j category, then the latent 
variable falls in a values interval: 

� = �		��	����	��			��� < �∗ ≤ � 
Y* is linearly related to the explanatory variables 
 �∗ = �´" + $   (1) 
In terms of probabilities, the relation between the latent variable and Y is 

   �(� ≤ �|�) = �%�∗ ≤ �|�& = '%� − �´"&  (2) 
In linear form  
 '��(�(� ≤ �|�)) = � − �´"  (3) 
 
Function F is unknown, so a theoretical function is required. If this function is normal 
standard, then we will have the probit model. In the case of the logistic model, F is the 



logit distribution, then '�� is of the form log[u/(1-u)]. This function guarantees that 
probabilities will always be within a range 0 to 1. 
 
A logit model that takes cumulative probabilities into account is the following: 
 

 ��*�+%�(� ≤ �|�)& = ��* ,	 -(./|0)
��-(./|0)	1 = ��* 23�24�..�26

2673�24�..�2893
	:;<;		� = 1,… � − 1 (4) 

 
This model is called cumulative logits. This formulation allows us to compare two 
different categories: �(� ≤ �|�) which takes values from 1 to j, and �(� > �|�) which 
takes values j+1 to J. Odds interpretation is useful. 
 
In a word, the model resulting from the expression (3) and (4) is this: 
 
 ��*�+%�(� ≤ �|�)& = ?@ −	�A

B "				:;<;		� = 1,… � − 1 (5) 
 
This model transforms the ordinal scale into a continuous scale based on the predictor 
�A
B β, which is independent from j. That is to say, the effect of the explicative variable’s 

category is the same for different logit functions. This is why this model is called 
Proportional Odds Model (McCullagh and Nelder, 1989). 
 
In the case of {�}	parameters, they define cut-points of adjacent-categories in the 
continuous scale. They have the restriction�� ≤ �� ≤ ⋯ ≤ �F��	 in order to guarantee 
that gets fulfilled 	�(� ≤ 1) ≤ �(� ≤ 2) ≤ ⋯ ≤ �(� ≤ �) = 1. 
 
We have observed that the relation between the independent and dependent variables is 
the logarithm of an odds. It is necessary to transform the logistic equation so it expresses 
coefficients in an interpretable way. 
 
The first transformation derives from the fact that a cumulative logit model is enough for 
two vector from independent variable �� = (���,⋯ , ��G)			�	�� = (���, ⋯ , ��G)    the following: 
 

 ��*�+ H-(I/|03)/-(IK|03)
-(I/|04)/-(IK|04)

L = "B(�� − ��)	 (6) 

 
The argument of the logit function is called odds ratio. If ��	�	�� are the same except in the 
i-th component and besides that difference is a unit, the odds ratio are:  
 

 
-(I/|03)/-(IK|03)
-(I/|04)/-(IK|04)

= MNO   

 
In this case, MNO 	 is the odds ratio for those in the membership category versus those in the 

omitted category.  these new coefficients allow us quantify the relative effect of the 
different independent variables on the dependent variable. 
 
The second transformation to the original equation with the aim of showing each event’s 
odds is: 



 �(� ≤ �|P) = Q0RST6�(N3U3�⋯�NVUV)W
��Q0RST6�(N3U3�⋯�NVUV)W                           (7) 

 
This way we find all absolute odds. 
 
 �(� = �|P) = �(� ≤ �|P) − �(� ≤ � − 1|P)		                           (8) 
 
 
4. Results and their interpretations 
 
We estimate the model of equation (5) to the first group of variables that are related to the 
individual’s position within society: marital status, age, scholar instruction level, 
activity’s condition, and socioeconomic status. 
 
The first two columns of values of the tables that will be shown indicate the logit 
coefficient (b) that corresponds to each independent variable, the p-value (P>|z|) is an 
indicator of the coefficient’s significance. The third column (e^b) are the odds ratio’s 
coefficients but STATA throws coefficients for the increasing ratio odds. In those 
coefficients we are comparing people that belong to a category larger than j vs. those who 
belong to a category minor or equal to j. An odds ratio larger than 1 indicates that the 
independent variable effect is positive and an odss ratio minor to 1 indicates a negative 
effect and a coefficient equal to 1 indicates an absence of effect. The fourth column 
(e^bStdX) that shows the odds’ change for an independent variable’s rise of a typical 
deviation. When using the same increase unity, all coefficients can be compared with 
each other. 
 
When analysing the table 2, age does not determine a satisfaction degree for women. 
However, it is the opposite for men. The life increasing-satisfaction odds ratio increases 
about 20% for those who are younger that 45-49 range and 33% for people older than this 
same age base. 
 
To be in a higher than high school than base category none, is an element for satisfaction, 
but only in women. Increasing odds-ratio rise up to 66% for those women who have 
postgraduate education. Activities’ condition is an element that determines satisfaction in 
both men and women when compared with the base category of unemployed people. In 
the case of men, the house keeping variable does not contribute to their satisfaction (a 
recurrent even only in women). For both men and women, to be pensioned is the activity 
that contributes the most in a positive sense to these odds. It is followed for student.  
 
Marital status is a significant variable in both models. It is evident that coefficients’ signs 
are all negative in relation to the base-category: married. To be divorced or separated are 
the categories with the lowest values in the column (e^b) in both models. 
 
Socioeconomic status defined according to the expenditures is a determinant element that 
contributes in a positive way in the odds. Odds increase, reaching more than 70%. This 
goes for both men and women. 



Once odds have been standardized, the variable that has a greater effect in the satisfaction 
odds is the socioeconomic status; the higher the status, the higher the probabilities  of 
having a life satisfaction. On the other hand, to be separated or divorced produces the 
most negative effect. 
 

Table 2 
Life satisfaction for men and women according to socio-demographic characteristics of population 

 

Independent variables 
(categories in parentheses 
are baseline categories) 

MEN WOMEN 

b P>z 1/ e^b e^bStdX SDofX b P>z 1/ e^b e^bStdX SDofX 

Age  (45-59 años)  
18-29 0.190 0.020 1.209 1.090 0.454 0.054 0.465 1.055 1.025 0.450 
30-44  0.164 0.019 1.178 1.081 0.478 0.028 0.661 1.028 1.013 0.482 
60-70  0.285 0.006 1.330 1.093 0.311 0.100 0.267 1.105 1.031 0.309 

Marital status (married)  
Cohabitation -0.035 0.640 0.966 0.987 0.385 -0.102 0.145 0.903 0.963 0.370 
Separated -0.360 0.003 0.698 0.922 0.225 -0.576 0.000 0.562 0.854 0.273 
Divorced -0.453 0.009 0.636 0.934 0.150 -0.731 0.000 0.482 0.876 0.181 
Widow -0.404 0.033 0.667 0.946 0.139 -0.342 0.001 0.710 0.921 0.242 
Single  -0.100 0.187 0.905 0.958 0.428 -0.234 0.001 0.791 0.909 0.408 

Shooling  (none)   
Incomplete primary -0.010 0.952 0.990 0.997 0.317 0.000 0.999 1.000 1.000 0.327 
Complete primary 0.048 0.766 1.049 1.017 0.349 0.061 0.610 1.063 1.023 0.375 
Incomplete secundary -0.193 0.325 0.825 0.963 0.196 0.141 0.410 1.151 1.025 0.176 
Complete secundary 0.008 0.957 1.008 1.004 0.442 0.148 0.210 1.160 1.069 0.449 
High school 0.062 0.699 1.064 1.025 0.395 0.202 0.113 1.224 1.079 0.378 
Bachellor degree 0.071 0.661 1.074 1.029 0.394 0.326 0.014 1.386 1.125 0.362 
Postgraduate education 0.271 0.273 1.311 1.035 0.125 0.510 0.022 1.665 1.061 0.116 

Expenditure (cluster 1)  
Cluster 2 0.096 0.306 1.100 1.037 0.377 0.116 0.138 1.123 1.047 0.394 
Cluster 3 0.302 0.001 1.353 1.126 0.393 0.152 0.053 1.164 1.062 0.396 
Cluster 4 0.380 0.000 1.463 1.167 0.407 0.366 0.000 1.442 1.160 0.406 
Cluster 5 0.557 0.000 1.745 1.280 0.444 0.593 0.000 1.810 1.283 0.420 

Activity  (unemployment)  
Employed 0.157 0.250 1.170 1.057 0.351 0.434 0.023 1.543 1.241 0.497 
Retired 0.568 0.008 1.764 1.101 0.170 0.675 0.017 1.964 1.079 0.113 
House keeping  -0.163 0.616 0.849 0.985 0.091 0.513 0.008 1.671 1.282 0.484 
Student 0.600 0.002 1.823 1.122 0.192 0.616 0.005 1.851 1.124 0.189 
Physical limitation -0.563 0.101 0.570 0.951 0.089 0.528 0.301 1.695 1.026 0.048 
Other situation   -0.426 0.061 0.653 0.942 0.142 0.379 0.283 1.461 1.030 0.077 

1/ p-valor<0.05 for the significance of the variables. 

 
The table number 3 shows the model for variables related to how they spend their free 
time and their self-perception. According to the results, to make exercise is a significant 
variable only to women and it contributes with 1.43 times to the satisfaction-increase 
odds for those women who practice some sports than to those who do not. To be satisfied 
with the way one looks, as well as affective and social lives are having a high and 
positive effect in life satisfaction, which confirms the correlation between them. To have 
a religion contributes to satisfaction, though just a little. To have had achievements in the 
life increases more than 50% to the odss of satisfaction in comparison with not having 
them. Received compliments or acknowledgement is a factor that contributes to 
satisfaction only in men. 
 
 
 
 
 
 



Table 3 

Life satisfaction by gener according to how they spend their free times and self-perception  

Independent variables 
(categories in parentheses are baseline 

categories) 

MEN WOMEN 

b P>z 1/ e^b e^bStdX SDofX b P>z 1/ e^b e^bStdX SDofX 

Sports (no) 0.070 0.334 1.072 1.026 0.370 0.358 0.003 1.430 1.072 0.195 
To have a pett (no) -0.049 0.357 0.952 0.976 0.499 -0.023 0.621 0.977 0.989 0.498 
To read a book ( no) 0.087 0.126 1.091 1.043 0.481 0.116 0.018 1.123 1.059 0.494 
To listen to music (no) 0.042 0.457 1.043 1.021 0.492 0.058 0.239 1.060 1.030 0.499 
Dance and music lessons  (no) 0.202 0.179 1.224 1.036 0.175 0.188 0.085 1.206 1.041 0.214 
To wash TV about political debates 
(no) 

-0.105 0.081 0.900 0.953 0.461 -0.137 0.017 0.872 0.943 0.425 

Craft (no) 0.077 0.704 1.080 1.010 0.133 0.048 0.652 1.049 1.011 0.221 
Go to the movie or theater (no) 0.080 0.259 1.084 1.032 0.386 -0.002 0.971 0.998 0.999 0.366 
Metitation about life (no) -0.063 0.309 0.939 0.969 0.498 -0.283 0.000 0.753 0.868 0.499 
To talk about important things (no) 0.130 0.044 1.139 1.065 0.487 0.257 0.000 1.293 1.133 0.487 
Decisions freely (no) 0.167 0.087 1.181 1.048 0.283 0.210 0.004 1.234 1.073 0.336 
Action to protect the enviroment (no) 0.020 0.864 1.020 1.005 0.231 -0.001 0.991 0.999 1.000 0.216 
Phisical appearance satistaction (none)  

Moderate  0.092 0.600 1.097 1.038 0.408 0.293 0.028 1.340 1.135 0.432 
Too many  0.904 0.000 2.470 1.473 0.429 0.842 0.000 2.320 1.468 0.456 

Social life satistaction (none)  
Moderate  0.125 0.345 1.134 1.057 0.442 0.350 0.000 1.419 1.170 0.448 
Too many  0.672 0.000 1.958 1.372 0.471 0.851 0.000 2.341 1.506 0.482 

Leisure time (no) 0.017 0.809 1.017 1.007 0.379 0.121 0.033 1.129 1.052 0.420 
Achievement life (no) 0.459 0.000 1.582 1.136 0.278 0.436 0.000 1.546 1.131 0.283 
Compliments or acknowledgement (no) 0.219 0.003 1.244 1.089 0.391 0.094 0.147 1.099 1.038 0.400 
Religion (no) 0.050 0.365 1.052 1.024 0.474 0.079 0.139 1.082 1.035 0.435 
Social network (no) -0.014 0.818 0.986 0.994 0.452 0.009 0.877 1.009 1.004 0.439 

1/ p-valor<0.05 for the significance of the variables.  

 
In table 4 one can see those variables related to life events: the death of decease of a 
beloved one in the last 10 years is not contributing to satisfaction. This may be due to the 
fact that when faced to other considered variables, such as to have had serious difficulties 
in life, is contributing even more. 
 
Discrimination, to have no better standard of living in comparison with the parents, to 
experience aggressiveness from someone who lives under the same roof and to face 
serious difficulties in life are what affect satisfaction the most. If we analyse this 
perspective in terms of gender, we find that to experience aggressiveness from someone 
one cohabits with is a factor that affects negatively in satisfaction, but only in women. In 
men, this is not a significant variable, but it is to experience aggression from a stranger. 
 
To both men and women the fact of not having experienced joys in adolescence or in 
adult life is determinant in a negative sense to satisfaction. For women, to have 
experienced joys in happiness determines their satisfaction. This element does not have 
an influence in men. To women, the three determinants that affect the most are: serious 
difficulties in life, to have a lesser life-level than their own parents, and to experience 
aggressiveness from someone they cohabit with. To men: serious difficulties, 
discrimination, a lesser life-level than their parents. 
 
 
 
 
 
 



Table 4 
Life satisfaction for men and women according to how they spend their free time and population’s self-perception 

 

Independent variables 
(categories in parentheses are baseline 

categories) 

MEN WOMEN 

b P>z 1/ e^b 
e^bStd

X SDofX b P>z 1/ e^b 
e^bStd

X SDofX 

Death of beloved  (no) 0.031 0.598 1.032 1.014 0.444 -0.012 0.818 0.988 0.995 0.433 

Discrimination or mistretment  (no) -0.440 0.000 0.644 0.837 0.405 -0.285 0.000 0.752 0.896 0.386 

Better education oportunities than parents  (no) -0.270 0.001 0.763 0.914 0.334 -0.284 0.000 0.753 0.908 0.341 

Standard of livind than parents  (better)   
Same -0.293 0.000 0.746 0.870 0.474 -0.304 0.000 0.738 0.864 0.480 

Not better -0.708 0.000 0.493 0.830 0.263 -0.874 0.000 0.417 0.779 0.287 

Experienced happiness in childhood (yes) -0.072 0.292 0.931 0.967 0.468 -0.115 0.058 0.891 0.948 0.466 

Experienced happiness in  adolescence(yes ) -0.149 0.030 0.861 0.934 0.461 -0.289 0.000 0.749 0.874 0.464 

Experienced happiness in adult  (yes) -0.374 0.000 0.688 0.868 0.379 -0.398 0.000 0.672 0.862 0.374 

Serious sickness (no) -0.153 0.044 0.858 0.948 0.350 -0.224 0.001 0.799 0.923 0.356 

Alcoholism or drug addiction in the household 
(no) 

-0.332 0.000 0.717 0.911 0.281 
-0.344 0.000 0.709 0.898 0.313 

Mentally challenged in the family (no) -0.017 0.877 0.983 0.996 0.240 -0.165 0.083 0.848 0.960 0.247 

Physical agression from someone in the same 
household  (no) 

-0.063 0.706 0.939 0.990 0.163 
-0.653 0.000 0.521 0.864 0.224 

Physical aggression from known (no) -0.242 0.069 0.785 0.951 0.207 -0.392 0.002 0.676 0.929 0.189 

Physical aggression from an stranger  
 (no) 

-0.190 0.059 0.827 0.951 0.264 
-0.198 0.145 0.821 0.966 0.173 

Serious difficulties (no) -0.603 0.000 0.547 0.756 0.465 -0.592 0.000 0.554 0.759 0.467 

1/ p-valor<0.05 for the significance of the variables. 

 
 
5. Conclusions 
 
The results’ analysis of the statistical model here presented is more difficult than to 
interpret an OLS. However, it is the right way to handle variables of the ordinal kind. We 
have seen in this study that the model allows us to identify the life-satisfaction 
determinants and to even establish those that contribute the more both negatively and 
positively. To propose a gender approach helped us to identify differences in 
satisfaction’s determinants in men and women. In chart 5 we find summarized those 
variables that are contributing the most to life-satisfaction for Mexican people, according 
to the method, the survey, and the variables used in this investigation. 
 
Our recommendations for future works are the following: to compare logit models’ 
variations, such as to change link function to a probit or log-log. We recommend use 
more sophisticated methods mainly because in this kind of models there is a strong 
assumptions; that is, the coefficient’s contribution is the same in all categories, that 
cannot be too realistic when you have 11 categories. To apply this model literally, 
without taking into account how the sample was designed may produce biased population 
parameters’ estimations, which is why we recommend make further adjustments to data 
so it can be analysed. 
 

Table 5 
Variables that contribute the most with life satisfaction 

Positivity Negatively 

Phisical appearance satistaction  Serious difficulty 
Personal life satistaction Discrimination  
Social life satistaction Aggressiveness 
Cluster 5 socioeconomics  Health 
Married Separated  
Retired Divorcied 
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Abstract  
 
The aim of the study of using odometer readings in defining road traffic volumes is to get 
additional data for total mileage calculations separately for urban and rural road network 
in Finland, and for calculation of traffic emissions. In Finland road traffic volumes are 
presently determined from road side counts by using automated calculation methods but 
only data on public road network is precise. In addition, for input to the Finnish traffic 
emission model LIPASTO a simple model of yearly car usage by car age and motive 
power is needed, as well as a sample dataset of annual car use by car age, size and motive 
power on county level for calibration of the new car fleet management model. 
 
At first an overview of possibilities to combine different methods for measuring road 
traffic volumes in Finland, i.e. traffic counts, odometer readings, ANPR, NTS and fuel 
consumption, is given. In the case study of using odometer readings in defining yearly car 
mileage by car type and age individual car based time series and cross-sectional methods 
are compared. 
 
 
Keywords: road traffic volume, car mileage, emissions by car type and age 
 
 
1. Introduction  

 
Presently, before GPS based surveys become more common, detailed information about 
car mileage by car type and age for e.g. emission calculations still lacks a comprehensive 
methodology. None of the present methods of deriving yearly car mileage gives the full 
answer for reporting transport energy use and emissions: 

• From road side traffic counts, however dense, the total mileage on that road type 
can be calculated by coarse car type (car, HDV, etc.) but the method does not 
distinguish cars by motive power or nationality. 

• Total fuel consumption gives some estimates of the fuel used by cars by motive 
power but as it is a total by fuel type other vehicles and machines using same fuel 
disturb. There are also such unknown elements as fuel bought abroad and fuel 
bought in Finland by foreign cars. 

• Household travel surveys give detailed information on the household’s travel 
behaviour and also where the trips have been due (regional level of domestic trips 



and some information of mileage abroad) but the data base is not large enough 
and often contains faulty information especially on distances. 

 
In Finland road traffic volumes are presently determined from road side counts. There are 
presently ca. 400 fixed automatic traffic counter stations for the measurement of traffic 
flow on these road sections. These flow counts are supplemented by movable equipment 
which is placed on different road sections according to a predefined circulating placement 
plan in four year periods. The present system is very precise for the road network of 
highways and other public roads, but estimation of traffic flow on the street network is a 
problem as only a few cities count the flows exactly enough. In addition, using traffic 
counts alone gives the total mileage on the Finnish road network but does not separate 
Finnish car fleet from the foreign, mainly Russian and Estonian in our case. 
 
For calculation of traffic emissions in addition to total mileage by main vehicle 
categories, which is the present result, more specific information about the vehicles is 
needed, i.e. mileage by age, size and motive power of the car. The present car register 
encompasses all the information needed, and for the newest cars also the emission levels 
for the main emission categories as by the manufacturer. Presently road traffic emissions 
for cars are calculated using the age distribution of the present fleet and a mileage 
distribution by car age based on an old study of 1990’s.  
 
 
2. Objectives 
 
There are three main objectives for the study: 

1. to have accurate and reliable figures for total mileage by car type separately for 
urban and rural road network for input to the Finnish traffic emission model 
LIPASTO (VTT),  

2. to make a simple model of yearly car usage by car age and motive power also to 
be used in the emission model, and 

3. to have a reliable sample dataset of annual car use by car age, size and motive 
power on county level for calibration of the new car fleet management model. 

 
The new methods for calculation and prediction of annual vehicle kilometres by motive 
power, age and size of the car is especially important as the car fleet is under a significant 
changing process since 2007 due to the changes in taxation, namely introduction of 
environmental based taxation to car tax (tax on new cars) in 2007 and to the annual 
vehicle tax in 2010-2011. The proportion of diesel cars has remarkably increased since 
2007 in spite of the special diesel-tax that still remains. 
 
 
3. Methods for measuring road traffic volumes 
 
By combining different methods for measuring road traffic volumes (traffic counts, 
odometer readings, ANPR, NTS and fuel consumption) in an optimal strategy for vehicle 
mileage and traffic emission calculation precise results could be obtained without too 



much extra effort. There are several pros and contras in the use of any of the methods 
alone. 
 
3.1 Main methods presently used 

3.1.1 Road side traffic counts 
+ exact information by public road type (in Finland presently highways and rural 
roads but only a few urban areas i.e. streets) 
+ information by region 
- only a few vehicle types can be distinguished, no further information about the 
vehicles 
- no information about the origin of the vehicle  

3.1.2 Fuel consumption 
+ exact information at the country level 
- no information of vehicle type 
- no information of the origin of the vehicle (foreign vehicles buy fuel in Finland 
and Finnish vehicles abroad) 
- fuel also used for other purposes than vehicles, working machines, boats etc. 
 

3.2 Complementary or supplementary methods tested 

3.2.1 Odometer readings from road worthiness tests 
There are several possibilities to use the odometer data, e.g. using time series based 
on individual cars or as cross-sectional data by car age group (see ch. 4). 

+ exact information by any character of the vehicle (especially if a comprehensive 
car register is available as is the case in Finland) 
+ vague information about the region where the mileage has its origin from the 
region of the station where the road worthiness test took place (mileage driven 
abroad cannot be separated) 
- no information of road type, urban vs. rural 
- no information about the geographical source of mileage e.g. country 
- no information about new cars < 3 years (first road worthiness test at car age of 
three years, also 4th year free of test) 

3.2.2 National and regional travel surveys 
+ information about the household and driver 
+ information of origin and destination which can be geocoded (in future GPS-
based exact systems) 
+ questions can be adjusted to serve this purpose especially 
- not comprehensive nor reliable enough to be used alone 

3.2.3 Automatic number plate recognition (ANPR)  
ANPR by the road side is a more sophisticated version of road side counting as by 
identifying the vehicle all information available in the vehicle register can be assigned 
to it. 



 + exact information by any character of the vehicle on that road/street section 
(especially if a comprehensive car register is available as is the case in Finland) 
e.g. vehicle type and age distribution, calculation of emissions 
- very expensive, presently not used for mileage estimation but for speed 
measurement, specific OD-surveys etc. 

 
3.3 Other complementary or supplementary methods 

3.3.1 Mileage of foreign cars in Finland 
Compared to Central Europe finding out mileage of foreign vehicles in Finland 
should be fairly easy to survey as there are open land borders only to Sweden and 
Norway up in North where the traffic is low. The land border of Russia can only be 
crossed through the specific border crossing points and car ferry traffic from Sweden 
and Estonia pass through the harbours. Especially traffic from Russia including car 
traffic has been growing fast which affects the total mileage in Finland. Also Estonian 
cars have become increasingly common in Southern Finland. 
 
The existing Border Interview Survey particularly targeted at visitors departing from 
Finland with data collected at all the busiest frontier crossing points: the main airports 
and ports, land frontier crossing points on the Eastern border and Northern border 
could include questions about car use and mileage driven in Finland (Statistics 
Finland a). 
 

3.3.2 Mileage of Finnish cars abroad 
Mileage of Finnish cars in other countries could be collected as a part of one of the 
present surveys: 

1. the continuous Finnish Travel Survey 
2. the National Travel Survey carried out every 6th year or  
3. in connection of the road worthiness tests (which does not reach cars under 3 

years of age). 
 
A suggestion for collection of the mileage of Finnish cars in other countries as a part 
of one of the present surveys: 

1. The Finnish Travel Survey concerns statistics on tourism demand containing 
information on domestic and outbound trips with overnight stays and same-
day trips abroad made by Finnish residents. The survey is a sample-based 
computer assisted telephone interview survey (CATI) comprising population 
aged 15 to 74 permanently resident in Finland. The samples are drawn by 
systematic sampling from the central population register. The size of the 
monthly sample is 2 200 persons. (Statistics Finland b). 

2. The National Travel Survey is carried out every 6th year and lasts for the 
whole year to capture seasonal changes. It is a sample-based CATI-survey 
comprising all Finnish population over 6 years of age. The sample is a random 
sample of ca. 20 000 persons taken from the central population register. The 
NTS comprises a special part for long distance travel with a survey period of 4 
weeks. (Finnish Transport Agency and WSP Finland Ltd. 2006 and 2012). 



3. By asking an extra question – does not belong to the responsibilities of the 
authority! 

 
 
4. Methods tested in the project 
 
The main basis of total road mileage for public roads will remain the present estimation 
system based on automatic road side counting by automatic stations and mobile 
equipment. However, the use of odometer readings will most probably be at least 
proposed or even directed by EC and Eurostat to be taken as one of the main methods for 
estimation of vehicle kilometres in the near future. This method has not yet been used in 
Finland except for one test project (Bossart et al. 2010) as odometer reading is not 
obligatory in the regular road worthiness tests (presently taken of ca. 30% of the car 
population over 3 years). 
 
We will use odometer readings to determine car based information about the total 
mileage and especially for calculation of the urban street mileage by subtracting the 
public road mileage (that should be precise) from the total. Odometer readings will also 
be the main source for mileage distribution by car age and type which then will be used 
in the emission calculation model and car fleet model calibration. For this use there are 
two ways of using the odometer readings:  

1. Longitudinal method of using time series of yearly mileage of a representative 
sample of individual cars of different types. 

2. Cross-sectional method of using differences of average cumulative mileage of 
cars by age and type.  

 
Both methods have their advantages. The cross-sectional method is much simpler and 
basically needs only one year data but it is coarse and conceals many external effects. 
The longitudinal method of time series needs a lot of data of several years and is 
methodologically demanding. The advantage lies in the possibility to collect precise 
information of each car in the database by yearly basis which makes it easy to combine 
with external data. However, because its coarseness the cross-sectional method could be 
useful e.g. when used together with other aggregated data and for longer time periods as 
well as in forecasting, e.g. in emission calculations. Enhancing the cross-sectional 
method to use of time series of some subsequent years would improve the method by the 
use of artificial cohorts of car age groups.  
 
We will use both methodologies but have started with testing the second method as 
Statistics Finland has already tested the first one (Bossart et al. 2010).  
 
Presently odometer readings are available only from one road worthiness test operator 
namely A-Katsastus Group which fortunately happens to be the largest in Finland with a 
share of around one third of all inspections on the Finnish car fleet of 2.5 million cars. 
They have a database of odometer readings for ten years including register numbers 
which enables access to the car register for full information about the vehicle. The 



challenge is to determine how to use the database which is large but not necessarily 
comprehensive or faultless, and how to determine a representative sample as a single car 
is not necessary yearly inspected by A-Katsastus. This was one of the main reasons for 
testing the cross-sectional method. 
 
Other data sources available will be used for supplementing the data, improving accuracy 
especially regarding urban areas and regional data, and also for control purposes in the 
method development and estimation processes. 
 
 
5. Results so far 
 
In emission calculations the presently used mileage is given by the Finnish Transport 
Agency (earlier by Road Administration) and calculated from the road side 
measurements as described in the introduction. The total car mileage on Finnish roads 
was 44 700 million km in 2008 and 45 600 million km in 2010 (Finnish Transport 
Agency 2011). 
 
New estimations carried out by Statistics Finland based on follow up of nearly one third 
of the Finnish car fleet using odometer readings from the road worthiness tests (except 
young cars under three years that do not need to be inspected as the first inspection takes 
place by the end of the third year of first registration) gives a total mileage of 40 100 
million km of which 28 800 million km by petrol cars and 11 200 million km by diesel 
cars. The average annual kilometres per car were 12 900 for petrol cars and 25 200 for 
diesel cars respectively with a total average of 14 900 km per annum per car. The 
distribution of yearly mileage in 2008 is presented in Figure 1. (Bossart et al. 2010). 
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Figure 1. Average annual kilometres per passenger car in 2008 by car age and motive 
power using time series of individual cars (Data source: Bossart et al. 2010) 
 



Preliminary results of applying cross-sectional method to only one year data of year 2010 
road worthiness tests without cleansing gives a total mileage of 35 400 million km of 
which 23 300 million km by petrol cars and 12 100 million km by diesel cars. The 
average annual kilometres per car were 12 100 for petrol cars and 24 600 for diesel cars 
respectively with a total average of 14 600 km per annum per car. The distribution of 
yearly mileage in 2010 is presented in Figure 2. and the number of cars in the fleet in 
Figure 3. The distribution of the source data i.e. average cumulative kilometres (the 
odometer readings) is presented in Figure 4. 
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Figure 2. Average annual kilometres per passenger car in 2010 by car age and motive 
power using cross-sectional method without cleansing. 
 

0

20 000

40 000

60 000

80 000

100 000

120 000

140 000

160 000

180 000

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Cars

Car age, years
Petrol Diesel Other

 

Figure 3. Number of passenger cars in use in 2010 car fleet by age and motive power. 
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Figure 4. Average cumulative kilometres (odometer readings) of passenger cars in 2010 
by car age and motive power. 
 
The cross-sectional method is tested because it is much less demanding and especially 
because of future compulsory use of odometer readings. When odometer reading 
becomes obligatory in a few years this method will be the only one to use for including 
the entire car fleet during the first years before the time series data will be available. As 
no cleansing has been made there is a lot of yearly fluctuation due to e.g. yearly 
economic variation which this method mostly conceals but which can clearly be seen in 
the numbers of cars in the car fleet. Illogicality in average cumulative mileage especially 
of old diesel cars is due to high variance and low number of cars in the fleet and database, 
and the fact that the cars remained are those with less kilometres in their early age. Also 
imported second hand cars can have an effect as well as mistakes in entering odometer 
readings manually and regarding 5-digit and mile-based meters. 
 
The project is still on-going and the presented results are only preliminary. However, all 
data sources needed exist and are fairly reliable although containing some faulty data for 
many different reasons, manual input, old register data, change of register variables etc.  
 
Also other sources give some estimates of annual car mileage that can be used as control 
figures. The NTS of 2004-05 gives a total annual mileage of 38 200 million km which 
responds to 39 500 and 40 300 million km in 2008 and 2010 respectively using the 
annual growth factor by the Finnish Transport Agency. However, the new NTS of 2010-
2011 reports only a total annual mileage of 37 000 million km (Finnish Transport Agency 
and WSP Finland Ltd. 2006 and 2012). From fuel sales a maximum of 40 000 million car 
km has been estimated in 2007 but this figure is the most unsure as same fuel types are 
used for other vehicles and machines as well (Mäkelä, Järvi and Laurikko 2008). The 
Finnish Central Organisation for Motor Trades and Repairs has given an estimation of 
40 200 million car km for the year 2009 using fuel sales but also other sources for the 
estimate. 
 



6. Conclusions 
 
Regarding the total annual mileage all the other sources seem to give 10-20% smaller 
figures than the present official figure. The difference is too large even taking account of 
the poorly known elements of mileage of foreign cars in Finland and Finnish cars abroad, 
and thus needs to be solved. In addition, a simple method for calculation of average 
mileage by car age and motive power for the emission calculations should be introduced 
and finally, for the car fleet management model even more detailed usage information by 
car type and owner is required.  
 
The research is on-going with the first goal to find a consensus among the present data 
and methodology for car mileage calculations for the emission reporting and for the 
calibration of the new car fleet management model, and possibly to point out the 
inaccuracy point of the past results. In addition, a methodology for estimation of the total 
mileage driven by foreign cars in Finland is coming more and more important due to 
growing traffic. Finally, to complete the puzzle the mileage of Finnish cars driven abroad 
should be revealed. The new methods proposed by EU and Eurostat will be taken into 
account as well in the future determination of the Finnish car mileage counting system. 
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Abstract 
 
The heterogeneity of data sources on the Internet is a big problem for people seeking data 
using new methods. Differences in content, standards, user interface, semantics, structure, 
database, etc. are some problems that can be found between the different data sources on the 
Internet. In addition, users have no tool at their disposal to help them select the best data 
source, after they have clearly defined their needs and they found a number of documents in 
response to their request in different web pages. 
 
Use of Data Warehouse technology, coupled with a transformation tool and data integration, 
and a support system for the selection of materials, all operating on the Internet seems to be a 
promising solution to address the problems heterogeneity and the selection of the best 
sources. Data warehouses are used to replicate and integrate data sets from databases or 
operational files, and create new data sets synthesized to assist managers in their decision 
making. The use of a data warehouse as a data source for a support system for the selection of 
data opens the way for a new and innovative solution. 
 
 
Keywords: [Collection, integration, warehouse] 
 

1. Introduction 
 
We are entering a world where data are commodities less expensive in our life, simply 
because the society has created systems that automatically track transactions of all kinds. For 
example, Internet search engines build data sets with each entry, Twitter generates, 
continuous, tone data, surveillance cameras Traffic numerically were counting cars, internet 
shopping and websites capture and store mouse clicks. 
 
In all areas, the data to be processed to extract useful information are increasingly complex 
and voluminous. Thus, it is necessary to have to manipulate data: 

� Often little or unstructured; 
� From multiple sources; 
� Representing the same information at different times; 
� Gathering more data of different types (logs, document content, knowledge, etc.). 

People use more and more the Internet to acquire and distribute data. However, the 
distribution and retrieval of data require more than a simple file transfer or consultation web 
pages. Infrastructure must be established to allow different users to easily find and analyze 
data covering a specific topic. Unfortunately, data sources on the Internet are quite different 
from each other, their content, standards used, the user interface, semantics, database 
structure, etc. may all be different from one source to another. In this context, it is not 



surprising that there is currently no tool allowing Internet users to be assisted when the time 
comes to select the best data sources, once the needs are clearly defined. This paper presents 
these problems and suggests some ways to solve them. 
 
 
2. Data sources on the Internet 
 
There are many ways to collect data, and each requires different techniques and resources. 
 
 
2.1. Types of information on the Internet 
 
We could distinguish information on the Internet into three types: structured information from 
databases of scientific and professional technical and economic (also often part of the deep 
web), unstructured information and personnel information now abound on social networks. 
Knowing that the information called unstructured or unstructured information is an 
information that the metadata (author, date, references, keywords ...) are not clearly specified 
and available, outside the body of the document making their complex computer operating, 
contrary to structured information contained in professional databases. 
 
 
2.2. The heterogeneity of data sources 
 
The development of several websites on the internet by the various agencies and institutions, 
has led to the emergence of a set of heterogeneous data sources. On visiting certain web pages 
Internet, it can be noted that: 
 
1. The content of the data sources is very different from one another (i.e. level of detail, 
including type metadata, document types listed such as maps, aerial photographs, remote 
sensing images, ...); 
2. Metadata standards are different or simply absent; 
3. Different words are used to represent the same concept; 
4. The user interfaces differ from each other (i.e. HTML, JAVA code, dynamic queries on 
databases); 
5. The data sets are sometimes absent or partially presented comprehensive data source to 
another; 
6. Some data sources covering the same subject and content may be similar or redundant but 
also have different levels of detail. 
 
These facts, plus others, clearly demonstrate the heterogeneity of data sources on the Internet. 
Consequently, in order to find the desired information, users must understand each interface 
and processes necessary for obtaining the information. Somehow, this problem is similar to 
finding information on the Internet with different search engines. 
 
 
2.3. Movements and innovative methods (some examples) 
 
The development of the information technologies (Internet, Smartphone, 3G/4G, etc.)  has led 
to all-round development of the supply of information on human activities.  
 



The new information technologies and communication, and in particular the new 
collaborative and participatory tools, since the 1990s, have greatly facilitated the collection of 
data: 
 
 
2.3.1. GPS and GSM Sensor’s data  
 
In addition to traditional data (census, surveys, etc.), there are innovative ways of collecting 
individual data using sensors GPS, GSM and other technologies. These new approaches can 
complement or even replace more conventional methods of collection and surveys. These data 
occupy more volume that will store well. Americans speak of "big data." 
 
 
2.3.2. Movement "Open data" openness and sharing of public information 
 
"The notion of" public data "includes all data which are or should be (legally or voluntarily) 
issued or held in publicly available, which are produced or collected by a State and a local 
authority part of their public service activities (Source: Wikipedia). 
 
Examples: 

- An interactive map of the Internet infrastructure in transoceanic Open Data: 
http://www.cablemap.info/ 

- Graphics and data-visualization "Exploring Africa's open data" 
http://afrographique.tumblr.com/ 

-  Info- graphic charting annual power consumption per person across several countries 
in Africa: http://afrographique.tumblr.com/post/4614849331/infographic-charting-
annual-power-consumption-per 

 
A crucial point about this movement "open data" is essential for compliance with standard 
formats that the data can be exploited by users. 
 
 
2.3.3. Movement "crowd sourcing"  
 
Crowd sourcing is to bring together the knowledge and skills of individuals (data produced by 
the greatest number), the more often users, to solve a problem and then freely share the 
answer with everyone. Google and Wikipedia are the biggest users of crowd sourcing (source: 
Wikipedia). 
 
Some approaches to participatory science and citizen science use it to acquire more data at 
geographical scales otherwise inaccessible. 
 
Example: 
Open Street Map: Example of a mapped city with Open Street Map 

- http://www.openstreetmap.org/ 
 
 
2.3.4. Ushahidi platform 
 



In 2007, Ushahidi is a website that allows the aggregation of real-time information during 
crises. It is a tool oriented by developing countries: Ushahidi ("testimony" in Swahili) is a 
platform to send geo-localized information from email or SMS, on any type of event: crises, 
natural disasters, election periods, etc. This platform has demonstrated its interest in the 
earthquake in Haiti in January 2010 (http://haiti.ushahidi.com/). This idea came from Africa 
has an obvious interest because it allows crowd sourcing information back (from the many 
sources) easily from email or SMS, but also on the web and twitter. 
 
 
2.3.5. Netnographie 
 
In 2009, Robert Kozinets defines the method netnographic as "a new method of quantitative 
research adopts the method to the study of ethnographic cultures and communities that 
emerge through automated communications. " Thus, elements taken from a study 
Netnographiqe are textual, multimedia elements and temporality trade. Moreover, the 
netnographic process is a six-step process (Kozinets, 2010): 
 

� Definition of the research topic; 
� Identification of target communities; 
� Information-gathering; 
� Interpretation; 
� Ensure ethical standards; 
� Presentation of results of research. 

 
 

3. Difficulties 
 
Once the user has found a set of data potentially meet its needs, having made a search in one 
or more data sources, it is possible that the results of its query results in a long list of available 
documents . The difficulty of analyzing such a list can be reduced by using a tool in the 
decision. It is likely that a user is overwhelmed by the list of documents respondents to their 
needs, so it is likely that not choosing materials that best meet their needs. In addition, due to 
a lack of expertise or ill-defined context, needs may be poorly defined or vaguely defined, 
thus aggravating the situation. This problem can be stated as follows: among the data and 
documents available, it is difficult to choose those that best meet the needs of a user. Again, 
this problem is similar to that encountered with search engines on the Web. Until now, to our 
knowledge, there is no system of selection of data on the Web that allows a user to clearly 
define their needs and to use this information to find the best materials available to a project 
particular. To do this, we must design an optimal data selection on the web. 
 
Thus, we summarize the various difficulties that arise when collecting data through different 
sources, as follows: 
 
• Users must understand and process all interfaces on the Internet. 

• Difficulties to select the best data source. 

• Difficulties related to the heterogeneity of data sources on the Internet, mainly: 

o The difference in the content of websites; 



o The difference in metadata (not the same); 
o The different words used to represent the same concept and vice versa. 
o User interfaces differ from one site to another (Java, built, HTML ...); 
o How data sets are located on a plurality of cards or the background index. 
o Some sites cover the same territory and have detailed information, but with different 

levels of quality. 
 
 
4. Areas for improvement 
 
It is possible to combine different sources to improve the quality of data produced and will be 
used. For this integration, consolidation and combination of different sources available on the 
Internet is the best way to get data ready for use. 
 
 
4.1. Definitions 
 
Data integration involves combining data residing in different sources and providing users 
with a unified view of these data. This process becomes significant in a variety of situations, 
including both commercial, scientific and various other areas. 
 
Data integration appears with increasing frequency as the volume and the need to share 
existing data explodes. He became the subject of extensive theoretical work and many 
problems remain unsolved and open.  
 
Data consolidation is a process of capturing data from multiple sources and integrate the 
information into a single persistent data source for utilize by users. Data consolidation is a 
part of three techniques for data integration - the other two being the spread of data and data 
federation. The spread of data is the process of replicating data from different sources in 
different places, and data federation allows for unified virtual view of data source files. 
 
Data extraction is the first step in the technology of data consolidation. Data extraction can be 
very large volumes from multiple heterogeneous sources. 
 
Data fusion is the process of integrating multiple data with information representing the same 
real world object in a coherent, accurate and useful presentation.  
 
 
4. 2. Data warehouse: an innovative solution 
 
In all areas, the data to be processed in order to extract usable information are increasingly 
complex and voluminous. 
 
To do this, one of the new technologies for data management, data warehouses, coupled to a 
processing tool / module integration and assistance in the selection of documents seems to be 
a solution promising of the aforementioned problems. 
 
The term data warehouse (or decisional database) means a database used to collect, sort, and 
store log information from operational database and provide decision support. 



 
Data warehouses, as defined by Immon (Immon W., Building the Data Warehouse, John 
Wiley and Sons, 1996, P.33) “are a subject-oriented, integrated, non-volatile, and time variant 
collection of data in Support of management's decision”. Traditionally, data warehouses are 
designed to handle large volumes of data and are regularly coupled with transformation tool / 
data integration, allowing transforming and integrating data from heterogeneous source 
systems into the data warehouse. Processing / Data integration is one of the cornerstones of 
data warehouses. example, if the precision of a map is expressed in feet in a geo-referenced 
digital library "A" and it is expressed in meters in the geo-referenced digital library "b", the 
tool transformation / integration will transform the unit of meters feet before entering the data 
in the data warehouse. 
Until now, data warehouses are used primarily in applications of traditional management: 
insurance, banking, accounting, etc. 
 
In the context of the use of multiple data sources, data warehouses have several very 
interesting development prospects. In this context, one can imagine a data warehouse system 
to obtain, transform and integrate different data sets in a single database. Users, instead of 
consulting multiple sources of different data could simply make one complete search in the 
data warehouse and find preliminary information they need. Then, using a computerized 
procedure to define their needs, the system could perform a preliminary screening, but very 
useful datasets available. If more information is required for sets of data, a pointer linking 
these data to the source system would provide all the necessary information. This architecture 
would greatly reduce the problems mentioned above (and to eliminate them completely if the 
metadata recorded and stored in the data warehouse are adequate). 
 
It is also possible to use the tool of transformation / integration to bring the most value in the 
source data. 
 
 
5. Conclusion 
 
With a multitude of information sources, especially on the Internet, it must establish 
methodologies to orient and guide the search for information in the right direction quickly and 
without wasting time in research. 
 
Data collection is essential for any research. However, one has to have both the quality and 
quantity of data satisfactorily to make an analysis and possible conclusions. We also need 
additional data that validate the information we collect. All this takes time and resources. 
When obstacles arise, thinking creatively about ways to circumvent the problem can save 
resources and improve the reliability of our information. 
 
The future of data mining depends on the numerical data. With the advent of Web 
2.0/Web3.0, blogs, wikis and cloud services, there is an explosion in the volume of digital 
data and raw material deposits for data mining are important. 
 
The challenge for the potential users of data, in particular national statistical offices, is to 
discover how to combine data developed with data from the Internet, to produce effective 
information. That means redesigning surveys and censuses in order to integrate, so useful in 
the national statistical system, transaction data continuously generated on the Internet and 
other technologies and systems, knowing that the time and money are valuable resources in 



the data collection. For this, there are always unforeseen challenges that require some 
creativity. In this regard, combining multiple data sources to produce new information not 
included in a single source is the future. 
 
Finally, with the emergence of new data and new fields with new technologies, methods and 
techniques for data continue to grow. 
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Abstract  
 

This work has been developed in the frame of the European project BLUE-ETS, in the 
work package devoted to propose new tools for collecting and analysing data. In 
order to obtain business information by documentary repositories, we refer to 
documents produced with non statistical aims. The use of secondary sources, 
typical of data and text mining, is an opportunity not sufficiently explored by 
National Statistical Institutes. The use of documents, expressed in natural 
language, can create some issues, related to the complexity and the expensiveness 
of the pre-processing procedures. Furthermore, it is not definitely clear how to 
structure the data set to be analysed. In this work we propose a text classification 
strategy for official statistics production by textual new sources. This strategy is based on 
Text classification, exploiting the structural organization of documents in sentences and 
the external knowledge (Balbi, Di Meglio, 2004). The strategy consists of two step: in the 
first step, fixed an informative need, Text Categorization is undertaken to discriminate a 
set of words interesting from uninteresting ones (having as an input expert knowledge). 
In the second step, we apply the rules based classifier on the database for identific in 
which files is our informative need. 
For showing the effectiveness of the proposal, it has been applied on the management 
commentaries of the listed companies on Italian market (BLUE-ETS Deliverible 5.1, 
2012). The results give an idea of as build a query to investigate the document. 
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1. Introduction  

 
     

This work has been developed in the frame of the European project BLUE-ETS, acronym 
for BLUE Enterprise and Trade Statistics (www.blue-ets.istat.it), funded by the European 
Commission (7th Framework Programme). Our peculiar task in BLUE-ETS consists in 



proposing new tools for collecting and analyzing data. In order to reduce response burden 
and, at the same time, to collect cheaper and (better) quality data, we refer to secondary 
sources, produced with non statistical aims.  
Generally NSIs produce business statistics, by carrying out statistical surveys. Enterprises 
have to provide their data, which they already produced for other government institutions.  
This creates an additional burden for enterprises. In order to reduce it, NSIs start to 
substitute some surveys or even whole surveys with administrative data sources. The 
desire of producing sufficient quality statistics in a cost efficient way (Bethlehem, 2010; 
Snijkers, 2009) causes this change.  
In addition to administrative data sources, there are also other secondary sources 
available in the world around us, which could potentially provide data of interest for 
producers of statistics (Roos et al., 2009). Everyday, the increasing use of electronic 
equipment creates a large amount of data, which contain potentially valuable knowledge. 
However there are different kinds of data, which are not easily analized with statistical 
tools, such as  messages in chat (tweets), electronic documents, GPS data, etc. 
To uncover this knowledge, we have to develop a new generation of tools with the ability 
to do flexible querying and intelligent searching (Rasmussen and Yageer, 1997). Many 
NSIs are investigating the practical and methodological issues related to use of the new 
secondary sources (Daas, P. et.al 2011, della Ratta Rinaldi, F., Lorè, B. 2010). 
In this work we pay attention on the problems related to use of textual files as secondary 
source. The use of textual data has been still viewed as too problematic, because of the 
complexity and the expensiveness of the “pre-processing” procedures. In the field of text 
mining one of the most important tasks is document representation and feature selection. 
Feature selection is also desirable in other domains, but it is especially important in text 
classification due to the high dimensionality of text features and the existence of 
irrelevant (noisy) features.  
Here we propose a text classification strategy for official statistics production by textual 
new sources. This strategy is based on Text classification, exploiting the structural 
organization of documents in sentences and the external knowledge (Balbi, Di Meglio, 
2004).  
The strategy consists of two step: in the first step, fixed an informative need, Text 
Categorization is undertaken to discriminate a set of words interesting from uninteresting 
ones (having as an input expert knowledge). In the second step, we apply the rules based 
classifier on the database for identific in which files is our informative need. 
For showing the effectiveness of the proposal, it has been applied on the management 
commentaries of the listed companies on Italian market (BLUE-ETS Deliverible 5.1, 
2012). The results give an idea of as build a query to investigate the document. 
 
 
2. Textual data: State of Art 

 
 
In textual statistics the "word" conventionally indicates a variable observed in the 
documents of the analyse corpus.  However, the sense (meaning) of a word is determined 
by surround a words, or by the words that can replace it. In textual data analysis the real 
“actual meaning” represents a very strong problem, named “ambiguity”. According to the 



objectives, the variable can be a graphical form, a lemma, a multiword or a mixed unit, 
able to capture the best content in the text.  In the existing literature there are different 
approaches. On the one hand, the formalists (Benzécri, 1981) consider the graphical 
form/type (sequence of characters delimited by two separators) as variable. They solve 
the ambiguity of the language through the use of multidimensional analysis tools. Such 
analysis, by measuring the lexical similarity of profiles, considers the profiles close to 
each other as similar profiles. On the other hand, the computational linguists consider the 
lemma (in many languages, the words appear in several inflected forms. For example, in 
English, the verb “to walk” is the lemma of “walked”, “walks”, “walking”) as variable 
(De Mauro, 1989). Electronic dictionaries, frequency lexical and statistical language 
sources are the practical tools adopted according with this language dependent approach. 
In the field of textual data analysis, Bolasco (1990) considers a mixed language 
dependent unit (graphical form/lemma/multiword expression) named "textual form". The 
textual form can be represented by one word or more, but has only one meaning. This 
approach solves the ambiguity through the use of meta-information.  
 
 
3. Text Classification 
 
 
The problem of classification has been widely studied in the database, data mining and 
information retrieval communities. We have a set D of N training records = {d1,…, dN }, 
such that each record is labelled with a class value drawn from a set of K different 
discrete values {1,…, K}. The training data set is used in order to construct a 
classification model which relates the features of the records to the different class labels. 
The general problem of statistical classification in textual domain can be summarized as 
follows: we have a training set of document vectors, each labeled with one class, called 
target value. Each object of the training set is represented in the form (di, ck) where di is 
the document vector and ck the class label value. The goal is to learn a mapping or a 
function that is able to predict a class value ck of a new document (Hand et al., 2001). 
The degree of "coincidence" between the target function and the classifier determines the 
effectiveness of the classification algorithm. This task mimics the human process of 
evaluating the relevance of a document with respect to the topic of interest. 
In general terms, we have three main families of statistical techniques for Text 
Categorization: decision trees, regression methods and neural networks; also in machine 
learning domain many methodologies have been proposed, among which we mention 
Support Vector Machines, Linear Discriminant Analysis, Bayesian inference methods, 
maximum entropy modeling, genetic algorithms, association rules induction, bagging and 
boosting. For a complete overview see Charu Aggarwal and ChengXiang (2012).  
Here we describe the methodology used in the proposed strategy: the decision trees, 
because this method can be efficiently applied when the aim is identifying relevant words 
in a corpus.  
There are a huge number of algorithms devoted to build a decision tree. A decision tree 
(Liberman, M. 2008) is essentially a hierarchical decomposition of the data space in 
which a predicate or a condition on the attribute value is used in order to hierarchically 
divide the data space. The tree is built on a training set with an iterative algorithm. The 



training set consists in a set of labeled documents, i.e. documents for which the category 
is a priori known. At each step, the variable which splits the data into groups leading to 
the greatest improvement of the score function is chosen. The iteration stops when each 
group ("leaf") contains one data point or identical data points, or if a given stop rule is 
met. The goal is to find a model complex enough to capture the structures existing in the 
data, but not so complex to overfit. The most used algorithms are CART  (Breiman, L. et 
al 1984) and C4.5 (Quinlan J.R. 1986).  
 
 
4. Feature Selection 
 
 
A document is a sequence of words. From a statistical viewpoint a textual data-base is a 
set of documents characterized by the words which occur in them. But, which are the 
relevant words? 
The answer to this question is the  task of the feature selection in text mining:  
discriminating a set of interesting words from uninteresting ones.  
Text can be represented in the "bag-of-words" coding, in which a document is 
represented as a vector, whose elements are the weight assigned to its words, ignoring 
their order. Most text classification methods use the bag-of-word representation because 
of its simplicity for classification purposes (Charu, C. Aggarwal, ChengXiang, Z. 2012).  
The most common feature selection (which is used in both supervised and unsupervised 
applications) is the stop-word removal and the stemming. In stop-word removal, we 
determine the common words in the documents which are not specific or discriminatory 
to the different classes. In stemming, different forms of the same word are consolidated 
into a single word. For example, singular, plural, capital letter and lowercase letter are 
consolidate into a single word. However, this methods are not specific to the case of the 
classification problem, and they are often used in a variety of unsupervised applications. 
In the case of the classification problem, it makes sense to supervise the feature selection 
process with the use of the class labels. This kind of selection process ensures that those 
features which are highly skewed towards the presence of a particular class label are 
picked for the learning process. 
A wide variety of feature selection methods (Gini index, Information Gain, Mutual 
Information, Chi-square statistic, Supervised Clustering, Linear Discriminant Analisys, 
Generalized Singular Value Decomposition) are discussed in  Charu, C. Aggarwal, 
ChengXiang, Z. (2012). 
 
 
5. Text Classification Strategy  
 
 
In this paper we propose a text classification strategy which aims to discriminate an 
interesting text file from uninteresting ones. The interest depends on the specific 
information need. This strategy has been developed in the frame of the European project 
BLUE-ETS devoted  to improve the European data collection system in the field of 
business and trade statistics. In particular, our work is dedicate to solve the problem of 



using new data sources expressed in natural language in official statistics. The use of 
textual data has been still viewed as too problematic by the National Statistical Institutes, 
because of the complexity and high dimensionality that characterize them. 
The strategy consists of two steps. Given an informative need, in the first step, the 
features selection is undertaken in order  to discriminate a set of words relevant in 
discriminating interesting texts from uninteresting ones. In this step, we have expert 
knowledge in the specific field, as input. 
The output consists in logical rules which identify interesting texts, by the 
presence/absence of specific combination of words. In the second step, we identify the 
documents which answer to our informative need, by applying the logical rules identified 
in the step 1.  
As previously said, the feature selection consists in identifying the relevant words for 
reducing the  dimensionality of the analyzed corpus. To solve this task we build a 
decision tree, supported by expert knowledge. In practice, we build an a-priori 
classification of a training that of documents labeled by expert knowledge. The value 1 is 
assigned to the interesting documents and 0 to the other ones. Through the analysis of the 
training set, we identify the words that best discriminate the membership of a document 
to the label class (interesting/uninteresting). 
Finally we apply the logical rule built in the previous step to the entire corpus, identifying 
the interesting documents, with respect to the informative need.  
A new lower dimensional corpus is obtained, by only considering the texts related to the 
topic of interest. 
 
 
5. The management commentaries of listed companies on Italian market 
 
 
5.1. Motivations 
 
 
The corporations are obligated to attach to them annual report a document expressed in 
natural language, named management commentaries. This document contain a many 
useful information  on them performance, on them activity, on them structure. Therefore 
the management commentary could be considered a new sources for the production of the 
businesses statistics.  
The management commentary shows an undefined form. From a statistical viewpoint is 
necessary to transform unstructured data in structured data. In this work we propose a 
text classification strategy for solving this problem. 
 
 
5.2. The first step: building logical rules to identify the relevant words in our interest 
topic 
 
 
The document to be analyzed is a set of management commentaries of listed companies 
on Italian market, related to 2011 year. We have considered only 1 section of the 



document devoted to “principal events”. In order to reduce the range of variability, the 
section of interest is been split in sentences (a sentence is a grammatical unit consisting 
of one or more words that bear minimal syntactic relation to the words that precede or 
follow it), so the sentences represent our documents. We have collected 2110 sentences.  
We randomly choose a subset, in order to build the training set, consisting in 30 listed 
companies, composed by 597 sentences. After a manual tagging of the management 
commentaries, we labeled 452 sentences with 0 (=uninteresting) and the remaining 145 
with 1 (= interesting). Once the training set had been prepared, we building the logical 
rules by a decision tree method. The analysis is been made with R software; we have 
been used the C5.0 algorithm (an extension of C4.5). 
The economic performances can be identified by the rule: 
 
 
Vendite  OR   Utile  OR    Ricavi  OR   Fatturato OR  
 
 

 (Perdita AND Portafoglio) OR 
 
 

(Risultato AND Perdita) OR 
 
 

(Risultato AND Consolidato) OR 
 
 

(Risultato AND Migliaia AND Esercizio) OR 

 
 
 
5.3. The second step: the economic performance of companies 
 
 
Once the logical rules have been identified, by means of macros built in R environment, 
only the sentences containing economic performance have been selected. A big reduction 
of the corpus size has been obtained. From the original data set size (753 MB) have been 
extracted a sub-set containing only 597 sentences. We have obtained 95% of reduction. 
 
 
  6. Conclusion 
 
 
Here we have proposed a methodology, based on Text Classification, meant to extract 
interesting (in a specific domain) patterns of words. In this way, some sequential 
boundaries are built, as we are not interested in the general contexts in which words are 
used but in the local contexts, conveying the specific information of interest. This 
structural division can be more or less evident. Aim of this strategy is to exploit the 



structure embedded in the document and improve Text Mining task performances, and 
give to researchers an easy way of analysis. 
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Abstract  
    

In this paper we discuss the problems in the design of applications targeted at running on 
mobile devices, such as smartphones and tablets, and their usage in the context of official 
statistics. First we briefly survey the experience in this field at international level and 
discuss general design guidelines and techniques. Then we specifically focus on the 
experience of Istat, that by the early months of 2013 will have three different mobile 
applications released on the stores of the two major mobile platform.  
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1. Introduction 
 
Mobile devices such as smartphones and tablets are an ubiquitous presence in our society 
nowadays. Among all the features of last generation mobile devices, the one that 
probably has mostly contributed to trigger a major change in users' habits is the 
possibility of downloading and installing on a device applications (or "apps") that provide 
a virtually limitless extension to its native characteristics. The offering in this field 
reached in 2012 the figure of one billion of applications available in the two most 
widespread platforms on the market (Apple iOS and Google Android) and the popularity 
of the usage of applications is such that a recent study highlighted how this way of using 
the device, after phone calls and text messages, is predominant within users, being also 
superior to common Internet navigation.  
Mobile applications span almost every possible field of human activity and official 
statistics is no exception. In this paper we first survey the presently available applications 
that focus on the diffusion of official statistical data. Then, we introduce some general 
considerations on the design features of mobile applications targeted at the official 
statistics domain. Finally, we present two applications designed and developed at Istat 
whose release is planned before the end of 2012. We conclude by drawing some lessons 
learned from the development activity of Istat in this field. 
 
 
2. Survey of Mobile Application for Official Statistics 
 
In 2012 we carried out a preliminary study of the related work in the field, investigating 
what actors in the field of statistics (NISs, international institutions etc.) had realized 
specific products for mobile devices. The app stores of both iOS and Android were 
searched for keywords such as “statistics” or the names of specific NSIs and institutions 



and a similar search was made on the institutions’ web sites. The results of this study are 
not intended to be comprehensive because new applications constantly appear and it is 
not possible to dig into the huge amount of applications available nowadays in the stores. 
Moreover, localized applications might be available only at local stores so they do not 
appear in searches made from a different country.  
 
Using the above methodology, there were only two NSIs that, at the time of writing, had 
released an official mobile application. The first is CBS (Statistics Netherlands), with   
the StatLine application. Available only on iOS platform, it allows to browse the values 
of the main indicators by theme or region, providing at the same time quick access to 
featured statistics, with simple graph visualizations. Secondly, the United States Census 
Bureau has recently released an application named America’s Economy, available for 
both iOS and Android and focusing on economic indicators. 
 
Several international institutions have already proposed their official mobile application.  
Eurostat and United Nations realized a "Country Profile" app, where the main indicators 
from different countries can be browsed and compared among each other. OCSE realized 
a smartphone version of the Factbook publication, where indicators can be browsed by 
theme and compared among different countries over time. Another interesting application 
is the PGI Data Explorer, which is a mobile version of the Principal Global Indicators 
web site, both released by the Inter-Agency Group on Economic and Financial Statistics 
(IAG). The application relies on official data fetched from the organizations that 
comprises IAG (Eurostat, International Monetary Fund, OECD, etc.) in SDMX format. 
Retrieved data can be shown in tabular form or plotted.  
Another category of statistical applications is represented by non-official applications that 
exploit official data, often offering interesting interactive visualizations. Examples are 
Diversity Viewer, an iPad app that visualizes on a map data from the 2010 US Census, 
and StatFrance, that gathers various statistics from INSEE, again, represented on a map. 
 
 
3. Design Considerations 
 
Mobile applications present several peculiar aspects that should be considered in their 
design. In this section, we focus on the characteristics of interest in a mobile application 
targeted at the domain of official statistics. 
 
3.1 Mobile Applications vs. Mobile Web Sites 
 
A general issue to be addressed in the first place should be the very motivation that leads 
to the realization of a mobile application. NSIs and international institutions all have their 
web sites for diffusing statistics as well as other domain-specific products. Users expect a 
complete offering of data to be already available on web sites and publications and then 
might not be interested in other types of media unless some added value is provided.  
The application designer should then focus on the differentiation of the offering, that 
should fill a gap and integrate the products already available on publications and web 
sites by exploiting the particular features of the mobile media.  



 
In particular, a strong attention should be devoted to clearly distinguishing mobile 
applications and (mobile-optimized or not) web sites, for which the following 
considerations apply:  

- a mobile application once installed is directly available in the launch menu of the 
device, a significant access shortcut with respect to a web site, that is always 
filtered by the browser and requires knowing and typing a URL; 

- whereas web sites must offer completeness, mobile applications should focus on 
rapid access to a restricted yet self-contained subset of functionality and/or data. 
Navigation must be quick and intuitive and should not overwhelm user with too 
many choices; 

- user interfaces on web sites might not be mobile-optimized, often relying on non 
mobile-friendly technologies (e.g. Flash) or presenting interactions not feasible 
for touch interfaces (e.g. tooltips, rollovers, etc.) or simply appearing too small to 
be visible and/or navigated. In these cases, a mobile-specific alternative might be 
appropriate.  

 
3.2 User Interface 
 
The obvious consideration about user interface is that its design must take into account all 
the limitations that derive from the form factor of smartphones: small screens, that are 
controlled by touch actions and gestures. Tablets offer larger screen real estate and pixel 
resolution but this means that in most cases the user interface must be revised in order to 
take advantage of this. For example, displaying data on an interactive map on a small 
smartphone screen might not be practical for the user, then this is a feature that is 
generally available on tablet-specific applications.  
 
The small dimensions of the screen also limits the possible domains in which the choice 
of an application can be effective. For example, it would be very difficult to implement a 
complex electronic questionnaire adapted to a small smartphone screen. On the other 
hand, a tablet version would only mimic a well-designed web site, making worthless the 
additional development effort for the mobile application.  
 
Other important features of mobile devices that can be exploited within applications are: 

- Georeference: devices mount GPS sensors that can detect the position of the user. 
This can be used to provide location-specific content; 

- Touch-optimized user interface with gesture recognition: apart from single 
touches, gestures such as swipes and multitouch can be recognized for providing a 
rewarding and smooth user experience; 

- Offline data storage: almost all the modern devices are equipped with a generous 
memory dotation that can be used for storing application-specific data. This 
feature can be exploited in application design for storing data that is also available 
offline so that a permanent Internet connection is not required. We give further 
details on this in Section 4. 

 
 



3.2 Technology 
 
The coding of a mobile application is based on “native” languages, APIs and tools that 
are specific for every platform. Typically the learning curve of such technologies is steep 
and the code written for one platform cannot be directly ported to others, doubling the 
efforts (and costs) for development. For example, iOS applications are written in the 
Objective C language, a superset of the C++ language, and exploit several native APIs 
for accessing to the functionality of the operating system. Android applications are 
implemented in Java, a programming language that is much more common than 
Objective C, but still require the knowledge of APIs and abstractions that are specific for 
mobile development, so that even for an experienced Java programmer an initial training 
phase is required. 
 
Recently, in order to overtake the difficulties and costs of setting up the know-how for 
multi-platform mobile development, an alternative solution to the development of mobile 
applications is being considered in the developers community. 
The idea is to create an application comprising only a single user interface component 
that incorporates a so called “web view”. A web view is the equivalent of a browser 
window that can execute code written with common web technologies. That is, the whole 
application can be completely implemented using the mix of HTML, CSS3 and 
JavaScript commonly known as HTML5. Through HTML5 it is possible to create 
dynamic and smooth user interfaces that maintain the look and feel of a native mobile 
application.  
 
In support to the web view approach, frameworks are available (such as Apache 
Cordova) that facilitate wrapping a HTML5 application within a native container, also 
providing JavaScript interfaces for accessing native functions of the device, e.g. access to 
the address book, use of the built-in camera, use of geolocalization etc.  
Besides this, more and more JavaScript frameworks have appeared targeted at building 
interfaces for mobile apps, making available user interface widgets that present the 
typical look and interaction of their native counterpart. Popular examples of JavaScript 
mobile frameworks are Dojo Mobile, JQuery Mobile and Sencha Touch.  
 
The main advantage of HTML5 is in it being largely (though not completely) cross-
platform. The same code base can be reused for multiple platforms thus reducing almost 
to a half the effort required to build an application running on two or more platforms. 
Moreover, web technologies are widely popular among developers and the learning curve 
is surely less hard to attack. On the other hand, it is not easy for an HTML5 application to 
reach the same level of perceived quality as that obtained with native technologies, since 
the actual performance strongly depends on the ability of both the device and the 
operating system to quickly execute the JavaScript code. HTML5 applications can easily  
manifest slow response times and stuttering user interface, a less-than-optimal behavior 
that is hardly tolerated by unforgiving contemporary users. A significant effort is then 
due to developers for writing optimized and efficient JavaScript code so that the 
reduction of the time due to development with respect to the native approach might in the 
end be lower than what expected.  



 
 
4. Architectural Patterns 
 
Mobile applications for statistics are based on data that is either produced within an NSI 
or, in general, publicly available. A general question is what are the possible solutions for 
the integration in a mobile application of data extracted from the information system of 
one or more organizations. In this section we present three architectural patterns that 
represent general solution that can be followed, limiting ourselves to the case when a 
single organization is involved, without loss of generality. We analyze each solution 
highlighting the contexts where it is more suitable.  
 
4.1 Web Service integration 
 
In this patter the data is exported through a web services interface implemented within 
the organization’s information systems. Data is extracted upon application’s request 
through a pull-style service call and can be the result of a query.  
This pattern should be used whenever the data to be used by the application is part of a 
complex information system that, for its size and complexity, cannot be copied in the 
application as a whole. Moreover, this approach allows to keep data in the application 
always updated without releasing a new version, hence it is an obliged choice whenever 
the data is foreseen to be periodically changing. The main drawback of this pattern is that 
an Internet connection should be always available for the application to run. Moreover, if 
the size of transferred data is relevant, the download time might be long, resulting in the 
user “hanging” on a loading screen waiting for data to appear. A final consideration about 
the web service pattern is that it obviously requires a web service interface to data to be 
available on the server side, which might not always be the case. If not so, the effort 
required to design, implement and maintain an efficient web service infrastructure must 
be taken into account in the choice of the pattern.  
 
4.1 Embedded data 
 
In this pattern the data is extracted once from the organization during the development 
phase, and is embedded in the application package. Data extraction is performed using 
ad-hoc methods (i.e. with a specific ETL procedure) and the extracted data is maintained 
in the device internal storage. This approach is suited to situations where the size of 
application data make it possible to store all the data inside the application, without 
resulting in a final application package of unreasonable dimensions that would be hardly 
downloadable and consume too much storage in the users’ devices. 
Embedded data provides faster responses to queries, a primary feature for data that must 
drive immediate responses in the user interface (e.g. an autocomplete field). Moreover, an 
internet connection is not required for downloading data, so the application is always 
available even if the device is not connected to a cellular of wi-fi network.  
Obviously, embedded data is immutable once the application is being compiled and 
deployed to the store. Then, this approach is not applicable to situations where data can 
change since updating data is possible only by releasing a new version of the application.  



 
4.2 Offline caching 
 
A third pattern consists in a hybrid solution where data is downloaded through web 
services and written in the internal storage of the device. This solution presents the 
advantages of both abovementioned approaches because data is primarily accessed from 
the storage, which is available also offline, so maximum efficiency in data access is 
guaranteed, and web services are concerned only when data is recognized to be out-of-
date and must then be uploaded again. Offline caching is also useful in query-oriented  
application as it allows to user to save and quickly retrieved the results of previously 
executed queries. The downside of this approach is an increased complexity on the 
development size, that must take into account the correct management of the cache.  
 
 
5. Mobile Applications at Istat 
 
In 2012 Istat has initiated a line of activity regarding the development of mobile 
applications. Three applications will be released and available on app stores, both for iOS 
and Android platforms by initial months of 2013. The technology used is HTML5 in all 
cases, exploiting the Dojo Toolkit framework for building the user interface and 
managing the data storage, and Apache Cordova for HTML5-to-native encapsulation. We 
discuss the consequences of this choice and the details of the development experience in 
Section 6.   
Initially, only the smartphone version of all applications will be available, to be expanded 
and adapted for tablets in the next planned releases. The following of this Section is 
devoted to the presentation of the applications.  
 
 
5.1 Population Census 
 
This application has been released in the context of the first (partial) release of official 
population data, as produced in the 2011 Population and Housing Census. It includes data 
on population, split on different dimensions such as sex, citizenship and age group, that 
are the only dimensions available at present.  
 

          
 
Figure 1. Screenshots of Population Census mobile application 



 
The idea of the application is straightforward: it is based on a single view with a search 
box; by typing the name of a city, province or region, users can access the corresponding 
data on population. Various visualizations on graphs are available as well as comparisons 
of distributions between a chosen city and Italy or among three different cities.  
The application design strictly follows the “embedded data” pattern. Since the data does 
not change over time and its dimension is limited, a one-time extraction has been 
performed from the internal data warehouse used for storing and analyzing the Census 
statistics. The extracted files, in CSV format, were embedded inside the application and 
are directly queried.  
 
At the time of writing, this application is the only one from Istat that has been already 
released in the platforms’ app stores, hence we can report about download statistics and 
user feedback. At the time of writing, 2000 downloads are reported in overall for both 
platforms, the 60% of which for Android and 40% for iOS. Reviews from users reveal  
on one hand appreciation for the idea but on the other also complaint about the provided 
data not being as extensive as expected, since it does not cover all the gathered data. 
Updated versions of the application will be released in correspondence with the definitive 
release of the complete set of Census data, which is scheduled to be released by the end 
of 2013. Some users also complained about poor performance on certain (older) devices. 
We discuss this issue in Section 6.  
 
5.2 Noi Italia 
 
Noi Italia is the name of a annual release by Istat, collecting a set of indicators grouped 
into thematic factsheet for several areas of interests, ranging from economical to social, 
demographic and environmental. Being Noi Italia not only targeted at a technical 
audience but to a wider category of general users, each factsheet is enriched with 
extensive comments and explanations of the statistics as well as territorial comparisons. 
In its previous issues Noi Italia has been released both as a paper publication and as web 
site, featuring several interactive data visualizations. In the 2013 edition it will be also 
available in e-pub format and as a mobile application.  
 

          
 
Figure 2. Screenshots of Noi Italia mobile application  
 



The user interface of Noi Italia resembles the organization of the web site, where 
statistics are organized into themes and indicators and can be easily browsed in a menu 
structure whose graphical layout has been completely redesigned in a mobile-friendly 
fashion. Facing a strict release deadline and given the impossibility of directly reusing the 
Flash-based visualization technology used in the web site, the interactive visualizations 
available on the web site have been replaced with static bar plots. Screenshots of the user 
interface are shown in Figure 2.  
As for Population Census application, the architectural design of Noi Italia strictly 
follows the “embedded data” pattern. The main relevant aspect of the development 
process was the ability of the development team to complete the application in a 
relatively short time thanks to the know-how acquired during the development of the 
Population Census application, which has also been exploited as a base of reusable code.   
 
 
5.3 Rivaluta Mobile  
 
RivalutaMobile is the mobile version of Rivaluta, a web application that focuses on the 
diffusion of 5 different price indexes, offering to users the possibility of exporting 
documentation with legal value regarding prices revaluation. RivalutaMobile is based on 
data extracted from Rivaluta through a web service-based integration and provides quick 
access to the latest values of the indexes and to the calculator function, that allows to 
compute the variation, according to the consumer price index, of the value of a sum of 
money between two different time periods.  
 
Data in Rivaluta is updated several times per month, whenever a new value of each index 
is issued. Moreover, the data required for computing all the possible variations is the 
monthly value of the consumer price index starting from 1947, both considerations make 
it not practical to adopt the embedded pattern. Rivaluta already provided access to all its 
datasets through REST web services, a feature that allows for a seamless integration with 
any external application. The calculator function hence calls the web services passing the 
parameters required for the computation, which is performed on the server side. The idea 
was to allow the usage of this function only when the device is online for the sake of 
efficiency and practicality. 
However, RivalutaMobile also presents various plots of the time series of the different 
indexes. This data is sufficiently “stable” and does not depend on user input. In this case 
a offline caching approach was deemed suitable: at each application startup, the server is 
contacted and a query for the last data update is executed. If a new issue of an index is 
available, only this value is downloaded and added to the local storage. Time series are 
plotted directly from data in the storage so they can be accessed also in offline mode, the 
only requirement for correct data update being the possibility of the device to connect to 
a network when the application starts.  
 
 
 
 
 



6. Lessons Learned 
 
We conclude the paper by presenting some lessons learned from the design and the 
development of the three applications. The first challenge was the design of the user 
interface, because it was not an easy task simple to correctly place all the element without 
cluttering the screen, at the same time guaranteeing an easy access to all the application 
functions. Every aspect of the user interface, starting from the size and the placement of 
the buttons to the organization of the menus, must be carefully planned and tested on the 
device. It is very important to study and follow the user interface design guidelines that 
sets the standards and best practices for every platform, because they allow to obtain a 
design that is both meaningful for the user and consistent within the platform’s 
ecosystem. 
However the most interesting aspect to be noted lies in the experience of developing 
mobile applications following the HTML5-based “web view” approach. As previously 
anticipated above, the main problem was to achieve satisfying performance and quality of 
the user interaction for all the platforms. There were several cases where user interface 
components behavior simply “did not look good”, being sloppy and non-smooth, and a 
low-level tweaking of the JavaScript code has been necessary in order to reach an 
acceptable quality level that would have been effortlessly guaranteed by native coding. 
 
In overall, by adopting the HTML5 approach to mobile development we could efficiently 
start this new line of activity, releasing three different applications, each supporting two 
different platforms, within a relatively short time frame. However, in order to achieve this 
result, we had to face some compromises in the quality, with a generally unpredictable 
behavior and non-optimal performance on older devices. Hence, whenever we should 
plan to develop applications with more demanding requirements, we will seriously 
consider the adoption of native technologies, limiting the use of HTML5 to simpler cases. 
 
In conclusion, we can say that the first feedbacks received revealed that user expectation 
for mobile applications for statistics is very high and there is definitely a sense for letting 
mobile platform gain their place as a new mean of statistical dissemination. Future work 
in this field by Istat will focus on applications optimized for tablets, where the use of 
interactive map visualization will be of primary importance. We are currently 
investigating technologies in this filed specifically for allowing the integration of mobile 
applications with the GIS platform of Istat.  
 
 
 
 
 



EMOS – The European Masters in Official Statistics 

Markus Zwick
1
 

Eurostat markus.zwick@ec.europa.eu  

 

 

Abstract  
The European Master in Official Statistics (known by the acronym EMOS) is an 

infrastructure project and aims at developing a programme for Training and Education in 

Official Statistics. In broad terms, the EMOS would provide certified training in 

methodologies, statistical surveys, statistical production, analysis and statistical law and 

should be offered by a network of National Statistical Institutes (NSI) and Universities. 

 

Assuming that all stakeholders (Eurostat, NSI, universities and national statistical 

schools) can reach an agreement, it is expected that the first EMOS courses will be 

offered at the end of 2014.  

 

This paper provides information on the activities being carried out to establish the EMOS 

and some preliminary ideas on how to link it with the European Statistical Trainee 

Program (ESTP). 

 

 

Keywords: statistical education, statistical literacy, European Statistical Training 

Program (ESTP) 

 

 

1. Introduction 
 

Statistical literacy is one of the main topics for National Statistical Institutes (NSI) 

around the world. Statistical agencies deal with highly complex information and the data 

producer business model is based on statistical and mathematical knowledge. It is 

important that data producers have a high level of statistical literacy in order to generate 

high quality data for evidence-based decisions. For the data consumer, knowledge of 

statistics and data producing process is also essential. One of the tasks of the data 

producer - especially for NSI – is to create solutions that enable data users to access the 

data and meta data in an easy and intelligible way; the user has to be able to draw the 

right conclusions from the data and it is essential therefore that each data user also has a 

sufficient level of statistical literacy. 

 

Education and advanced training for staff members has played a prominent role within 

the statistical offices and, in the last decades, statistical training has become more and 

more relevant, reaching even beyond NSI offices. Statistical education starts 

consequently in schools.  
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As positive examples, we can observe the Kid' zone from Statistics Canada
2
 or the 

international project 'CensusAtSchool'
3
. Part of the learning content is much more than 

probability theory; one of the main aims is the understanding of the data producing 

process and the associated boundaries in interpreting these data.  

 

At university level, statistics is an element in different fields of study. Social science, 

economy and medicine all have statistics inside their curriculum. Often it is a problem for 

a single statistical office to establish collaboration with a university. On the one hand, it 

is a matter of resources for the NSI and, on the other, the number of students who are 

interested in official statistics. Programmes in English and French have the advantage 

that they can often recruit students from abroad; this is not possible for all European 

countries. For several years, various NSI and Universities have been discussing a 

European-wide solution to this situation.
4
 An on-going and important point of this 

discussion is to find a workable link between advanced training and university degrees 

and Eurostat shows its intention to play an active part in a solution for (and working with) 

the European Statistical System (ESS) .  

 

 

2. The statistical agency as educator  
 

Eurostat has a long tradition with internal training. For any employer, it is necessary to 

provide a system of vocational training and especially for a knowledge-intensive 

organization in a period with drastic changes in information technology. Eurostat also 

plays the role of coordinator in the field of training and development. For high quality 

European data, it is necessary that staff in all member states have an adequate level of 

statistical knowledge. To reach this goal, a coordinate training system is essential. The 

current European Statistical Training Program (ESTP) guarantees this task inside the 

ESS.  This is only one part of statistical education. 

 

In the last 20 years, most NSI have realized that their responsibilities are numerous and 

do not end up producing up-to-date data. The results of (official) statistics are often 

complex. "In addition to producing reliable, relevant, coherent, timely and 

understandable statistical information, we should pay special attention to user support, 

statistical awareness and statistical literacy"
5
.  

 

This topic is of such relevance for statistical agencies that the International Association 

for Official Statistics (IAOS) has dedicated a full edition of its Journal, with various 

articles on statistical literacy to this subject.
6
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Furthermore, the International Association for Statistical Education (IASE), a section of 

the International Statistical Institute (ISI), has established the International Statistical 

Literacy Project (ISLP), following the ISI World Numeracy Program from 1994, to 

contribute to statistical literacy across the world.  

 

If statistical agencies create user support for a better understanding of the data producing 

process and the results of official statistics, it is helpful to segment the different user 

groups. Teachers require different information to their pupils; journalists need different 

information to researchers. Some NSI meet the various needs of their users with different 

information offers. For examples see the internet pages of Statistic Canada or Australian 

Bureau of Statistics.
7
 Likewise, different European NSI offer specific information for 

different categories of statistic consumers.  

 

Universities as a user group are different in their approach to other groups. First, 

universities supply statistical knowledge for various academic disciplines. In the context 

of statistical literacy, it is important for the NSI that this is more than probability theory. 

In the situation where statistics are offered as a minor study area (by way of example, to 

support a major in geography) it is also recommended that official statistics are also 

offered as part of this course. 

 

One of the various effects of the Bologna process is the European Credit Transfer and 

Accumulation System (ECTS).
8 

The ECTS is the ticket for the NSI to be part in minor 

fields of study. But for this purpose, it is essential to have regular offers in official 

statistics within the universities. 

 

If statistics is the major subject in studies of social science, economics or mathematical 

statistics, the NSI must take a substantial interest and be part of the curricula. These 

groups of students become the next generation of stakeholders or professionals in the 

field of statistics. But in most European countries, university programmes offer trainings 

mainly on descriptive and inference statistics. In Master degrees, we can find additional 

multivariate statistics and in the field of economy the econometrics as applied statistics.  

 

Essential elements of the data production process, respectively survey methodology are 

frequently not part of this field of studies. Data producers, like NSI, have a very clear 

interest for official statistics to be included in the qualification of the young researchers. 

 

First of all, data producers are employers. As employers, the NSI are looking for young 

postgraduates in sociology or economics with skills in data production and analyses. 

Furthermore NSI are in competition with other (private) organisations for the 'best 

brains'. If the NSI are active in the qualification of students then they will have direct 

access to these human resources. This is the supply side. On the demand side, the NSI 

needs professionals in universities, research institutes and as policy advisers with 

sufficient skills to understand statistical outputs.  
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These are the reasons why statistical offices are more and more interested to be part of 

the university education system in statistics. The past has shown that often it is not 

enough to be a passive partner. If the NSI are interested for official aspects of statistics to 

become part of the university programmes, they have to play an active role in the design 

of the courses and the degrees as well as Master or PhD programmes. A positive example 

is the Master degree in official statistics in Southampton, collaboration between the 

University of Southampton and the Office for National Statistics in Great Britain.
9
  

 

Another positive example of a statistical office taking an active role in statistical 

education is the 'École Nationale de la Statistique et de l'Administration Économique 

(ENSAE)' in France.
10

 

 

 

3. The Steps towards a European Master in Official Statistics (EMOS) 
 

Inside the European Statistical System (ESS), the idea of a Master in Official Statistics 

was launched for the first time in 2008. The idea of creating a training capacity was 

explicitly mentioned in the "Communication from the Commission to the European 

Parliament and the Council on the production methods of EU statistics: a vision for the 

next decade"
11

, which was adopted in August 2009.  

 

After this first discussion, EMOS was topic in several meetings during 2009 and the NSI 

of France, Germany and Poland discussed postgraduate degrees in official statistics 

during bilateral visits. During the 2009 edition of NTTS
12

 Conference in Brussels, the 

main stakeholders of the ESS expressed their interest for a project that contributes to the 

creation of a post-graduate degree in European Official Statistics by labelling existing 

programmes and by setting up a network of these programmes at European level.
 
 

 

3.1 The Workshop on European Masters in Official Statistics in 

Southampton 
 

The next step forward in the discussion on a European Masters in Official Statistics was a 

workshop hosted by the University of Southampton and sponsored by Eurostat in June 

2010. Over two days, Universities and NSI from more than 20 European countries 

discussed the common structure for a Master. 

 

The aims of the workshop were:
 13 

 

 To discuss interests of different stakeholders, define potential steps and an action 

plan for the creation of European degree programmes in official statistics. 
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 To build partnerships between European Academic Institutions and NSI in the 

implementation of the “knowledge triangle” linking research, education and 

innovation as key elements for a knowledge-based society.  

 To ensure that European Academic Institutions have a pivotal role in interactions 

with NSI through knowledge transfer, dissemination and direct partnerships for 

research.  

 

The discussions were thought-provoking and different points of view were put forward. 

The main questions presented were as follows: 

 

 Should NSI fund general statistics Masters' courses in an attempt to have 

universities deliver better-qualified graduates, some of whom would work in NSI? 

 Should NSI work with universities to develop industry-specific Masters' 

programmes which meet the needs primarily of staff at NSI to further improve 

their technical skills in the form of continuous professional development? 

 

It was a common view that first these two fundamental questions need to be addressed 

before the concept of a European Master in Official Statistics can progress. The view of 

many of the NSI present at the workshop was that they were primarily looking at support 

for a programme based around the continuous professional development for their staff. 

They could not afford to contribute funding to an academic programme which did not 

deliver specific return on their investment. 

 

3.2 EMOS - a Eurostat Project 
 

The various stakeholders – both inside and outside the ESS - came up with concrete 

proposals to take the next steps towards EMOS. A voluntary group, made up of 

representatives from some NSI and universities was created at the end of 2010.  

 

This group was chaired by ISTAT and had the task of streamlining existing positions 

within NSI and the academia, clarifying scope, existing practice and proposals for 

establishing a European Master in Official Statistics, based on the close cooperation of 

NSI and the academia.  This group presented these results to the ESS in the end of 2011. 

 

Thereafter, Eurostat organised a special meeting during the NTTS 2011 conference. This 

meeting underlined the clear interest of various NSI and universities to cooperate and 

work together to develop a European Masters in Official Statistics.
14

  Moreover, there 

was a clear interest on behalf of the NSI for Eurostat to play an active role and Eurostat 

confirmed its view related to EMOS: 

 

"The main goal of this project is to establish a quality label for university 'European 

Official Statistics' programmes that meet agreed standards in education.  
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University programmes that are benchmarked to these standards become members of the 

'European Official Statistics' network."
15

 

 

The possible objectives were set out: 

 

 Establish a network of EMOS course providers; 

 Diffuse European culture and knowledge in official statistics;  

 Create a repository of young statisticians having a sound knowledge in statistics 

but also in other fields related to official statistics (e.g. IT, social sciences, 

economics);  

 Improve cooperation between universities and NSI; allowing the provision of 

scientifically sound solution to problems related to official statistics;  

 Create a platform for NSI staff members training in Universities and students in 

NSI. 

 

A series of preparatory activities related to the EMOS project were carried out within 

Eurostat; the two main ones were as follows: 

 

 Technical specifications prepared for a study in 2012. The aim of this study is to 

provide an in-depth and comparative analysis concerning the postgraduate degree 

programmes in statistics in the ESS member states, in order to identify existing or 

potential programmes in official statistics, to assess the interest among potential 

providers (organisations) to join and participate in the EMOS Network; to 

evaluate the implication regarding the labelling mechanism to be put in place. 

 Procedures to recruit a Seconded National Expert launched on August 2011 in 

order to consolidate the Eurostat project team. 

 

3.3 The working paper "Prospects for a European Master in Official 

Statistics"  
 

In autumn 2011, the voluntary group, chaired by ISTAT, presented a draft paper entitled 

'Towards the establishment of a Master in European Statistics'.  NSI and universities of 

twelve European countries worked on this.  

 

The initial document presented a set of ideas and a few key questions in order to 

stimulate the exchange of views among the stakeholders interested. 

 

The issues raised in this document were linked to the name of the programme, the 

involvement of other international organisations at this stage of the project; the scope, the 

objectives and the results; the target groups; the possibility to promote in parallel two 

categories of master (professional and academic), training staff and students profile, 

competencies profile; European accreditation (within ECTS).  
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4. Building a bridge between EMOS, ESTP and internal training  
 

As far as Eurostat is concerned, it is beneficial to start EMOS as an academic study path 

that ends in an academic degree. Other views prefer more the path of a university 

education, especially for the staff inside the European Statistical System.  The aim is for 

EMOS to provide the academic balance required by the different interested parties within 

the scientific community, the statistical offices and other stakeholders in the field of 

statistical education. 

 

Together, the universities and NSI would educate young students in topics varying from 

survey methodology, data production and data analyses to statistical law and the 

organisation of an official statistical office. Nevertheless, the precise content of the 

EMOS still needs to be defined.  

 

Both the Universities and the NSIs would benefit from the EMOS programme. The 

Universities would get an additional Masters path with a strong link to practical work in 

statistics. They would also be able to offer regular internships in the NSI, with 

employment prospects for the best students. For their part, the NSI would be able to draw 

on newly qualified graduates as staff, in addition to developing problem solving ideas 

with the Universities. The junior staff in other institutions, such as central banks or 

ministries, could also be educated in statistical literacy through EMOS. 

 

Once established, various modules within the EMOS course could also be used to train 

staff inside the NSI. This could be helpful in broadening subject knowledge, filling gaps 

and training in new statistical tools, thereby helping to improve the efficiency and 

mobility of staff. Using EMOS modules in this way could be offered in addition to or in 

combination with the current system of ESTP and internal traineeships. Indeed, a 

combination of EMOS and ESTP courses within a credit point system could be 

developed to offer internal staff a postgraduate type degree in statistics. 

 

If everything runs smoothly, the first students to follow the EMOS curricular could begin 

in 2014, graduating in 2016.  Developing a postgraduate type degree in Official Statistics 

for staff from the ESS could perhaps be envisaged in 2015. Given the rapid changes in 

Information Technology and in data production and distribution, this developing period is 

too long. It is necessary to develop programme that will also to educate the current staff 

in an efficient way with new scientific-based knowledge. 

 

A first step could be the planned European eSummer School (EueS) in statistics. This 

will see the Universities of Trier and of Pisa, together with Eurostat, offer long distance 

learning in statistics. From a central technical hub and using a tested technical network, 

the course will transmit to students in Trier, Pisa and Luxembourg. If EueS is successful, 

it could be rolled out and offered to all interested NSIs in Europe. EueS could also be 

integrated in the ESTP, in the different internal trainee programmes in the various 

Statistical Offices across Europe, and also in at a later stage in EMOS. In this way, it 

would be possible for NSI staff to participate in university courses together with Master 

and PhD students.  



5. EMOS – the current status  
 

In spring 2012, Eurostat launched a Call for Tender for the feasibility study 'Towards a 

European Master in Official Statistics'. The purpose of this study is to contribute to the 

creation of a European Master in Official Statistics and to create a network of 

programmes dealing with Masters in Official Statistics at European level.  The ICON-

Institute (Cologne, Germany) is currently working on this study, together with Groupe 

des Écoles Nationales d’Économie et Statistique (GENES, Paris, France). 

 

The study will provide the main stakeholders, interested in the EMOS project (National 

Statistic Institutes, universities, Eurostat), with the information needed to take appropriate 

decisions with regard to establishing a European Master in Official Statistics, setting up a 

European Network of providers for such programmes and labelling these programmes at 

European level.  

 

The feasibility study started in December 2012 and will draw to a close after twelve 

months with a final report. During this period, Eurostat will stimulate a permanent 

circulation and sharing of information around EMOS. It is necessary for the success that 

the developing process of the curricular and the labelling rules are borne by the whole 

community. The both EMOS session during the NTTS 2013 are for this reason. 

Furthermore Eurostat plan to present the project progress on the DAGStat
16

 conference in 

Germany and on the annual conference of the Royal Statistical Society
17

. 

 

It is also foreseen to establish a Task Force (TF) for the next steps. The TF should 

accompany the feasibility study and develop a concrete draft of curricular and labelling 

rules on basis of the feasibility study. The drafts should be present at an international 

workshop in spring 2014 to the international community of EMOS and in the best 

adopted. Member of the TF will be from the Universities and the NSI on equal terms. In 

the long run, permanent bodies will be required to support EMOS. The European 

Master's in Translation (EMT) could be used as a workable example:
1819

 a permanent 

group of stakeholders accompanied as EMT network and his network elected an EMT 

Board for the regular support. The Board is responsible for the curriculum, labelling and 

the rules to participate as member in the network. On the European Union side, the 

Commission's Directorate-General for Translation (DGT) is responsible. DGT provides 

EMT with a permanent office for the administrative tasks. 

 

The CROS portal (http://www.cros-portal.eu/content/emos) will be used for the 

permanent sharing of information about EMOS. In addition to that it is foreseen to 

establish a Linkedin Group as discussion forum. 
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Foreseen steps:  

December 2012 Signature of the contract for the feasibility study 

6
th

 March 2013 EMOS Session, NTTS 2013 Brussels 

Establishing a Task Force for the foundation phase of 

EMOS 

Summer 2013 First meeting of the EMOS Task Force 

Summer 2013 European eSummer School in cooperation between 

Eurostat and the Universities of Trier and Pisa  

September 2013 Presentation of first results on the annual conference of the 

Royal Statistical Society in Newcastle (nn) 

December 2013 Final report of the feasibility study 

Spring 2014 International Workshop on EMOS 

Spring 2014 Decision on the curriculum and the labelling process 

Summer 2014 European eSummer School (open for all NSI) 

Autumn 2014 1
st
 edition of EMOS 

Spring 2016 First generation of European Master Degree in Official 

Statistics 

 

6. Conclusions  
 

Knowledge is the main resource for future innovation, productivity and growth; the 

wealth of European countries is based more and more on a high level of education and 

information, both of which are essential elements in the main field of official statistics. 

On the one hand, the process of producing reliable statistics as a base for decision-

making is the core business of the NSI. More and more, this producing process needs a 

deep understanding of mathematical and statistical relationships; data collection needs 

today 'Data Scientists'.
20

  

 

Complex surveys, questionnaires and administrative data, record or statistical matching 

methods to generate new kind of datasets or the hedonic as econometric modelling in the 

price statistics are some examples. The NSI have understood that in order to generate 

knowledge, it is also necessary that data users have an adequate level of statistical 

education. This topic is discussed under the key words 'statistical literacy'.  

 

In this context, EMOS is one solution; a joint project of different stakeholders (NSI, 

Eurostat, universities and national schools in statistics), with the aim of reaching a higher 

level of knowledge in various ways:  

 

 Firstly, statistical producers could benefit from young and well-qualified 

researchers in official statistics.  

 Secondly, other organisations with a link to statistics (ministries, central banks, 

research institutes, consultants, etc.) could acquire better qualified staff in 

statistics on the labour market.  
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 A third point is that NSI and Universities stand to learn a great deal from each 

other through having this project in common. Staff members of the Universities 

could get a clear insight into the outside world of official statistics; working 

statisticians could learn more about the academic questions surrounding official 

data.  In the long term, NSI experts could participate directly in drawing up the 

curriculum of EMOS and the different courses could be part of the advanced 

training programmes. 

 

Another point is that EMOS has an additional aim of supporting international higher 

education. Having a common EMOS programme in various universities will promote the 

mobility of young students across Europe; this could be supported by various actions of 

the Erasmus Programme. Indeed, EMOS seems suited to the basic architecture of the 

future 'Erasmus for all' project, foreseen to start in 2014 and this support may well be 

necessary as  funding for the EMOS project presents the greatest challenge in the long-

term. The short and the medium-term prospects of EMOS are promising: certainly for the 

beginning, Eurostat has committed the necessary human and financial resources.  

 

Different NSI and Universities have also confirmed their interest to play an active role in 

EMOS and the Call for Tender was positive.  

 

It now seems possible to have the first young researcher with a Degree in a 'European 

Master in Official Statistics' by summer 2016.  
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Abstract 
 
This paper proposed an algorithm to decrease the discrepancies between imputation and 
real GPS data. Based on the activity-travel pattern obtained using a Bayesian Belief 
Network model, the algorithm takes into account the consistency of the full activity-
travel pattern within a day in the sense that the activity-travel sequence is represented in 
terms of a hierarchical set of tours, and the transportation modes within a tour are 
logically consistent. We explore three different approaches based on the number of 
epochs and imputation probabilities to identify the transportation mode for each trip 
period between two consecutive activities. In principle, the mode with the highest number 
of epochs for which it has the highest probability is selected. The algorithm was tested 
using the GPS data recently collected in the Netherlands. Results show that the new 
algorithm significantly improves the imputation accuracy of transportation modes.   
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1. Introduction  

 
Using GPS for collecting activity-travel data has been shown to significantly reduce 
respondent burden and capture more precisely than conventional survey methods the 
unreported trips and activities (Wolf, 2004). However, the accuracy of the imputed 
agenda highly depends on the performance of data processing algorithms (Titheridge and 
Simpson, 2011). Because most imputation algorithms are not perfect in the sense that the 
imputed data do not necessarily match completely the real data, a prompted recall survey 
is often used for respondents to verify the imputed activity-travel diaries. However, 
prompted recalls involve extra effort and consequently the time gains of using GPS 
devices are partially lost, while results are not necessarily error free. Decreasing the gap 
between imputed data and real activity-travel data would be beneficial not only in terms 
of improving the ease of data verification, but also in terms of developing fully automatic 
data imputation systems. Therefore, enhancing the predictability of current imputation 
algorithms to provide more reliable data is important. 
 



Various imputation algorithms have been employed in previous research (Bohte and 
Maat, 2009; Stopher and Wargelin, 2010). In general, these methods first identify activity 
or travel episodes, and then identify the transportation mode between two consecutive 
activities. The key determinant in this process is the speed related variable of different 
transport modes. This might be problematic when multiple transportation modes have 
similar speed values. The advanced learning algorithms which have been developed and 
applied (Anastasia, et al., 2010; Rudloff and Ray, 2010) have the advantage that it can 
identify transport modes and activity types simultaneously and recognize the transport 
modes based on conditional probabilities. However, similar to other algorithms, these 
algorithms focuses on individual epochs only, rather than on the whole activity-travel 
sequence. The consistency of the imputed activity sequence with respect to transportation 
modes has been scarcely addressed (Stopher et al., 2011).  
 
The issue here is that existing algorithms tend to examine individual epochs with a 
limited time horizon to impute transportation mode. However, individuals tend to use the 
same transportation mode for the same tour, and often the same mode for the return part 
of their daily schedule. For instance, if people drive by car from home to work in the 
morning, they are most likely to return home by car as well. It can be considered as a 
home-based tour or a sequence loop within which all trips involve the same mode. The 
example can be easily extended to the more general case that transportation mode used 
for the first trip coincides with the one used at the end of the tour. In this case, 
combinations of different transportation modes in different travel segments are not very 
likely. Therefore, it is potentially valuable to check and evaluate the consistency of 
different transportation modes when imputing transportation modes. 
 
Therefore, this paper suggests an improved algorithm that takes into account the 
consistency of the whole imputed activity-travel sequence within a day.  It is assumed 
daily activity-travel sequences consist of a set of hierarchically ordered tours and the 
transportation mode within the two legs of these tours are consistent, depending on the 
kind of transportation mode involved. The main travel mode is identified separately for 
each trip period between two activities according to the number of epochs and imputation 
probabilities. In principle, the mode with the highest number of epochs which has the 
highest probabilities will be selected and assigned to the tour.  
 
The paper is organized as follows: Section 2 will describe the suggested algorithm to 
superimpose the activity-travel sequence. Section 3 will introduce the GPS data and 
Section 4 presents the results of the performance of this new algorithm. The paper will be 
concluded in Section 5. 
 
 
2. The Improved Algorithm 
 
The method is based on a Bayesian Belief Network (BBN) model, which replaces ad hoc 
rules with a dynamic structure, leading to improved classification if consistent evidence 
is obtained over time from more samples. The BBN represents the multiple relationships 
between different spatial, temporal and other factors, including errors in the technology  



 
Figure 1 Example of the activity-travel sequence and consistency of transportation 

modes on tours 
 
itself (input), and the facet of activity-travel patterns that we wish to impute from the 
GPS traces (output). 
 
2.1 The Improved Algorithm 
 
The BBN model was applied previously to single epochs of 1-3 seconds. Because speed 
data and other variables used in the classification will change over time, the classification 
result will also differ between epochs. The challenge of the algorithm therefore is to 
detect whether multiple transportation modes were used during the trip, which is usually 
identified by setting some threshold for the length of a stop, and the type of transportation 
mode(s) given the classification results of all epochs belonging to the same trip. This is 
usually accomplished by some predefined merge rules with respect to the time threshold. 
 
However, this process does not guarantee the consistency of imputed transportation 
modes across tours and the legs of the tour. Even if individual may choose different 
transportation modes for each trip, in reality, the majority will use the same transportation 
mode at the different legs of a tour, especially in case of a transport mode which is 
difficult to leave behind, like car or bike. Although superimposing the consistency in 
transportation modes may add some error to the imputation, we contend that it involves 
avoiding more errors so that the overall result implies an improvement in the imputation.  
 
If this reasoning is accepted, any improved algorithms should address two issues: (i) how 
to identify the set of hierarchically related tours, and (ii) how to identify the (main) 
transportation mode for each tour. The identification of tours involves the comprehensive 



investigation on the sequence of activities and trips. The activity location and activity 
type in conjunction with the timing information provide useful references to identify the 
tours. Furthermore, an algorithm is needed to address the consistency issue of 
transportation modes for each tour. As in the BBN, we could further extend the learning 
feature of conditional probabilities to determine the transportation modes.  
 
Figure 1 illustrates the concept used to ensure that transportation modes are consistent for 
different legs of tours. Assume that a trip (Trip 1) is made by car from Home (L1) to 
Work (L2). If it is enforced that the car would be returned to home, we identify the 
chained trips or trip stages where Home is revisited (=L4). To make sure that the car is 
part of a tour that starts and ends at home, we identify L3, the start of the trip (stage that 
ends at L4). We then create a network, consisting of all points between L1 and L4. The 
shortest path from L3 to L2 (L3-L2 as L2-L5-L2) is a loop starting and terminating at L2, 
creating a circuit (in red) starting and ending at Home (L1). The trips indicated in black 
still have to be assigned a transport mode, which can be indicated by updating a logical 
expression indicating whether or not a transport mode has been assigned. As shown in the 
example, the trips made later during the day to the sports facilities still need to assign a 
mode. By searching for the next trip, which requires a transport mode to be assigned, 
these two remaining journeys will be processed. 
 
In general, the transportation mode used to conduct a certain activity can be a single 
mode or a combination of multiple modes. In most cases where the main transportation 
mode dominates the traveling episode, the sections of short travel can be ignored. One 
example is people walking before and after driving a car from one location to another. In 
case of multi-modal trips, every transportation mode compromises a section of the whole 
tour. Therefore, being without loss of generality, we equalize the section of transportation 
modes between two activities as follows: 
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where iA  and 1iA +  are two adjacent activities; , , 1il i iT +  is the thl transportation mode of the 

tour starting from activity i , , 1[1, ]i i il L +∈ . , 1i iL +  is the total number transportation mode 

between activity i and activity 1i + . Then the whole activity-travel sequence can be 
described as follows 
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where N represents the total number of activities, and [1, ]i N∈ .  
 
In order to analyze the interrelationship between different trips, we identify the tours 
from the sequence. The tour means an activity-travel sequence which starts and ends at a 
same location. Assum there is only one tour in the sequence, starting from A1 and ending 
at AN, then, the sequence of the tour can be represented as: 
 

1( ,..., )NC A A=  (3) 



where activity 1A  and activity NA  happen at the same location. If there is another tour 
within this tour, then the tours could be represented as 
 

1 ( ,..., )i jC A A=  (4) 

2 1( ,..., ; ,..., )i j NC A A A A=  (5) 

 
where the activities of iA  and jA  happen at a same location. In case there are multiple 

transportation modes between activity i and activity j, we assume that one main 
transportation mode holds the most part of travel distance or travel time. Taking the 
above tour C2 as an example, if ' ,1,l iT  and ' , ,l j NT  are the main modes with respect to the 

trips from activity 1 to i and from activity j to N, respectively, then, 
 

' ',1, , ,l i l j NT T=  (6) 

 
Equation (6) indicates that the transportation modes of different travel episodes which 
belong to the same tour should be the same. This example formulizes a simple case, 
which can be extended to more complex cases of multiple trips. Let , ki CT to represent the 

main mode of ith trip in the kth tour C. Since the transportation mode is identified in terms 
of the level of conditional probabilities, the selected transportation mode for each epoch 
has the highest probability. Assume the imputation probability of transportation mode iT  
for epoch e is , ie TP , then  

 
1 2( , ,..., )

iT i i iSP Max P P P=   (7) 

 
where S indicates the total number of transportation modes.  
 
For each travel episode, the transportation mode which has the highest frequency with the 
highest probability is treated as the main mode for the trip. We use Fs to indicate the 
frequency with the highest probability of transportation mode s. Then, the final 
transportation mode for the travel episode should be the maximum value of Fs, 
 

1 2( , ,..., )SMax F F F  (8) 

 
In case the transportation modes are identified for each trip segment, we need to confirm 
the transportation mode for tours. Here, we propose the following three methods:  
• Method 1: The frequency of the transportation mode which has the highest probability 

is identified for each trip episode separately. The transportation mode which has the 
highest frequency for all trips is selected. 

• Method 2: The frequencies of all transportation modes of all trip episodes which belong 
to the same tour are put together. Then, the one which has the highest frequency with 
highest probabilities is selected to replace others. 

• Method 3: In case of three or more trips within a same tour, we identify the 
transportation mode using Method 1 for all trips excluding the first and the last trips. 
Then, we use the confirmed mode as the replacement of the first and last trips. 



2.2 Data Processing and Comparison 
 
In the process of prompted recall, people may have deleted, modified or merged imputed 
activity and travel episodes. Some people prefer to change the content of imputation 
results by not changing the sequence frame, while others like removing the incorrect data 
and create brief agendas. Moreover, people may either keep the short walking trips as a 
truth or completely ignore them. These all increase the complexity of comparison since 
people have different behavior in validating agendas. Therefore, in the subsequent 
analyses, we only compared observed and activity-travel patterns for which the activity 
sequences were identical. The performance of the algotithms were compared by 
calculating and comparing hit ratios. 
 
 
3. GPS Data 
 
The GPS data was collection recently in a large-scale data collection project which is 
conducted in the Eindhoven and Rotterdam, The Netherlands. A web-based data 
collection and a data processing system which were developed before has been improved 
and combined to processing and collecting the personal profiles data and activity-travel 
sequence data. Participants were provided with user accounts and password for system 
login to upload and validate their data. In the follow-up prompt recall page, people are 
requested to fill in and/or correct information which they think as inaccurate or missing. 
The system allows to change, remove and merge the imputation data, and create new 
activity/travel data. The data of originally uploaded and confirmed by respondents are 
automatically saved into a background database. 
 
 
4. Results and Analyses  
 
4.1 Facts from the validated data 
 
The basic principle of the designed algorithm is to improve the performance of the 
imputation algorithm. Because the speed profile of different transportation modes is most 
likely blurred during peak hours, in addition to an overall comparison of the algorithms, 
we specifically compared their performance for ther work commute during peak hours.  
 
Figure 2(a) shows the distribution of different transportation modes. Here, we define the 
morning peak from 7:00 to 9:00 and the evening peak from 16:00 to 18:30. As shown, the 
frequency of transportation modes according to the morning peak time and the evening 
peak time is almost identically distributed along the trend line. This result also presents in 
part the applicability of the suggested algorithm for commuter trips. Figure 2(b) shows 
that the majority of changed modes relate to the car (42%) and walking (34%). Public 
transportation modes are not changed that often. It is understandable that the car is the 
most frequently used transportation mode, and traveling by car is heavily influenced by 
traffic situations which results in much noise for data imputation. In addition, walking is  
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Figure 2 (a) Transportation modes of peak hour (b) Frequency of transportation 
modes that people changed in the prompt recall 

 
frequenty changed due to people’s different validation behavior and the reliability of 
imputation agendas. 
 
4.2 Comparative analyses 
 
Apart from differences in perception and understanding of the survey, respondents also 
have different attitudes towards validating the data. Respondents differ in terms of their 
motivation to and precision to validate the imputed data. In some cases, the imputation 
data are completely the same as the validation data even when imputed data look 
irrational. In this case, the data cannot be ensured to be true. Therefore, before 
comparison, we excluded the data, which are all imported (without any changes) from the 
whole sequence. Trips that could not be identified because of non-identified activity 
episodes were disregarded in the analysis. 
 
Table 1 shows the hit ratios for different transportation modes. Since the values are 
calculated using data which are incorrectly imputed only, the percentages present the 
level of improvement of the new algorithms. As one can see that the imputation accuracy 
of almost all transportation modes is significantly improved. Relative to the original 
imputed level 4.3% for bike, the correctly imputed percentages using the new algorithms 
all significantly increased by 34% (Method 1), 19.1% (Method 2) and 17.0% (Method 3), 
respectively. The imputation of the car mode is also significantly improved from 2.3% 
(original) to 26.2% (Method 1), 26.7% (Method 2) and 13.7% (Method 3), respectively. 
The accuracy improvement is also significant for walking, where the hit ratio increases 
from 0.6% to 6.9% (Method 1), 8.4% (Method 2) and 11.3% (Method 3), respectively. 
 
Table 1 Hit ratio of different transportation modes  

  BIKE BUS CAR METRO TRAIN TRAM WALKING 

Originally imputed 4,3% - 2,3% 27,0% 28,6% 79,6% 0,6% 

Method 1 34,0% 4,8% 26,2% 23,8% - 72,2% 6,9% 

Method 2 19,1% - 26,7% 20,6% 14,3% 77,8% 8,4% 

Method 3 17,0% - 13,7% 27,0% 28,6% 68,5% 11,3% 

 



Table 2 Confusion matrix of original imputed data and new methods 
 

 
BIKE BUS CAR METRO TRAIN TRAM WALKING 

Original BIKE 4,3% - 6,4% 4,8% - 5,6% 20,9% 

BUS 4,3% - 34,6% 9,5% - - 21,3% 

CAR 4,3% 42,9% 2,3% 6,3% 57,1% - 24,4% 

METRO - - 0,5% 27,0% - - 2,2% 

RUNNING 48,9% - 0,3% - - - 12,5% 

TRAIN - 4,8% 42,7% 34,9% 28,6% - 17,2% 

TRAM - 47,6% 1,8% - - 79,6% 0,9% 

WALKING 38,3% 4,8% 11,5% 17,5% 14,3% 14,8% 0,6% 

Method 1 BIKE 34,0% - 2,8% 4,8% - 1,9% 14,1% 

BUS 4,3% 4,8% 22,6% 9,5% - - 9,7% 

CAR - 28,6% 26,2% 11,1% 85,7% - 44,4% 

METRO - 4,8% 0,8% 23,8% - - 1,9% 

RUNNING 34,0% - 0,3% - - - 5,3% 

TRAIN - 9,5% 28,8% 33,3% - - 14,4% 

TRAM - 38,1% 1,3% - - 72,2% 3,4% 

WALKING 27,7% 14,3% 17,3% 17,5% 14,3% 25,9% 6,9% 

Method 2 BIKE 19,1% - 3,1% 4,8% - 1,9% 15,0% 

BUS 4,3% - 19,6% 9,5% - - 7,8% 

CAR 2,1% 33,3% 26,7% 11,1% 71,4% - 44,1% 

METRO - - 0,8% 20,6% - - 1,6% 

RUNNING 34,0% - 0,3% - - - 6,3% 

TRAIN - 9,5% 31,6% 36,5% 14,3% - 14,4% 

TRAM - 47,6% 2,0% - - 77,8% 2,5% 

WALKING 40,4% 9,5% 16,0% 17,5% 14,3% 20,4% 8,4% 

Method 3 BIKE 17,0% - 4,8% 4,8% - 1,9% 13,8% 

BUS 4,3% - 23,2% 9,5% - - 14,4% 

CAR 2,1% 38,1% 13,7% 6,3% 57,1% - 29,7% 

METRO - - 1,3% 27,0% - - 1,6% 

RUNNING 29,8% - 0,3% - - 5,6% 10,6% 

TRAIN - 9,5% 34,4% 36,5% 28,6% - 16,3% 

TRAM - 38,1% 0,8% - - 68,5% 2,5% 

WALKING 46,8% 14,3% 21,6% 15,9% 14,3% 24,1% 11,3% 

Total 
 

100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 

 
 
Table 3 Hit ratios of car mode during morning and evening peak time 

 
Morning peak Evening peak 

Original imputed 60,50% 71,1% 

Method 1 65,8% 76,3% 

Method 2 76,3% 65,4% 

Method 3 63,2% 68,4% 



It is interesting to compare the transportation modes which are significantly improved  
with Figure 2(b). Both results show that exactly the same transportation modes which 
respondents changed are mostly improved after applying the new algorithm. This 
indicates that the suggested algorithm could substantially improve the accuracy of the 
imputation. In addition, imputation improvement for bus mode is only obtained by 
Method 1, indicating that Method 1 can correctly recognize the bus mode with an 
increased accuracy of 4.8%. For other public transportation modes, like metro, train and 
tram, only Method 3 gets the similar levels of imputation accuracy to original levels 
(except for tram).  
 
A detailed overview of the imputation results are shown in Tables 2 in the way of 
confusion matrix. Taking the bike mode of Method 1 as an example, 48.9% of bike 
episodes was recognized as running mode and 38.3% as walking in the original 
imputation data. After applying the new algorithm, Method 1, the incorrectly recognized 
percentages are decreased to 34.0% and 27.7% with respect to running and walking, 
respectively. 
 
The results discussed above are obtained based on the data that include the trip episode 
with respect to all types of activities. It may not be able to represent the specifics of 
commute trips during peak hours. To explore this issues, we calculated specifically the 
hit ratio for car mode during the morning peak and evening peak. As shown in Table 3, 
all improved methods lead to increased accuracy for morning peak trips relative to 
originally imputed data. The level of hit ratio is increased from 60.5% (original) to 65.8% 
(Method 1), 76.3% (Method 2) and 63.2% (Method 3), respectively. For the evening 
peak, only Method 1 leads to a significant improvement, increasing the accuracy level 
from 71.1% (original) to 76.3% (Method 1). The levels of the other two methods are 
slightly lower than the original results. In this end, it probably indicates that Method 1 is 
better than the other two methods, especially for the prediction of motorized commute 
trips during peak times. 
 
 
5. Summary and Conclusions 
 
Although the application of GPS data collection and imputation methods has increased 
lately, imputation algorithms are still not perfect. In some cases, the gap between 
imputation results and validation data is still substantial. Although a prompted recall 
process may compensate for imputation errors, it involves additional respondent burden 
and human error. Therefore, there is still a need to further improve imputation algorithms. 
Existing imputation algorithms are typically based on epoch data, with the potential 
disadvantage that classification at this temporal scale may contain errors and one needs a 
way to aggregate the data. To compensate for the potential error, in the present paper, we 
suggest superimposing aggregate activity-travel patterns conditions. More specifically, 
the improved algorithm identifies a set of hierarchical ordered tours making up a daily 
activity-travel pattern and uses probabilistic rules and a learning algorithm to 
systematically and consistently impute the same transportation mode for the two legs of 



the tours. Although the consistency can be violated in reality, we contend that on balance 
imputation results will improve by superimposing these conditions. 
 
A test of this approach confirms this contention. We found from the validation data that 
transportation modes during morning and evening peak times are almost equally 
distributed. The majority of the transportation modes that respondents corrected are car 
and walking, which accounts for 76% in total. Furthermore, the performance of the 
proposed algorithm was examined through comparative analyses based on imputed data 
and validation data. Results indicate that the suggested algorithm substantially improves 
the accuracy of imputed data. For commute trips by car, all three methods yield 
significant improvements for the morning peak, while Method 1 leads to accuracy 
increase for both morning peak and evening peak. 
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Abstract 
 

This article deals with the issue of respondent participation in travel behavior surveys using 
devices monitoring the location and movement of the respondents – GPS. In the Czech 
Republic, GPS devices have not been used for travel behavior surveys. Therefore in the first 
stage, we used the focus groups. The aim was to detect and identify possible main obstacles 
that might prevent the respondents from their participation. Based on an analysis of focus 
groups results, we prepared a questionnaire for a quantitative survey. The main objective of 
the quantitative survey was to identify potential factors affecting the willingness to participate 
in a travel behavior survey using GPS. Later on we will use the results of the analysis to 
design a planned survey of travel behavior on the territory of the Czech Republic using GPS. 
 
 
Keywords: travel behavior survey, location privacy, GPS, response rate. 
 
 

1. Theoretical Introduction  
 
Over the last years, travel behavior surveys have been facing small willingness of the 
respondents to participate in surveys which infringe on their privacy and usually mean a 
significant time burden (Rofique et al., 2011). The aim of our article is to try to explain in 
detail the factors which may affect the decision to participate in these surveys. Therefore in 
this study we ask the question what affects decisions of individuals to participate in a travel 
behavior survey using GPS devices. 
 
When looking for a basis, we will start from two basic theoretic frameworks: firstly, the 
economic theories of decision-making which describe components of rational decision-
making and secondly, psychological and behavioral theories of decision-making (e.g. 
Winkler, 2007). These diverse theoretic concepts may serve as a basis for formulation of the 
key hypotheses of our research. 
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(1) According to the rational theories of decision-making, a benefit is important for 
participation in a survey (e.g. Fisher et al., 2012). The benefit may take various forms. Many 
authors (e.g. Kumpošt & Matyáš, 2009; Cvrcek et al., 2006) consider for example the 
respondent's personal interest in scientific objectives of the survey or a financial remuneration 
for provided services etc. to be important factors of participation in surveys. 
 
(2) In addition, it's becoming apparent that those factors are important which are connected 
rather with the institutional and behavioral decision-making theories. Over the last years, 
factors such as distraction or altruism as respondents' personality traits have been repeatedly 
appearing among the motives affecting decision-making on participation (Szostkiewicz, 1964; 
Groves et al., 1992; Cvrcek et al., 2006; Mowen&Sujan, 2005; Goulias&Henson, 2006). 
  
(3) Over the last years the research (e.g. Kumpošt & Matyáš, 2009) has been emphasizing 
situational factors of the willingness to participate in a survey. According to these authors, 
these factors include for example the purposes of use of survey results (Winkler, 2007). 
 
(4) Interesting findings also include those about connections between individual factors. 
Research results confirm that the manner of use of the obtained data has a greater motivating 
influence on participation than a financial remuneration (Kumpošt & Matyáš, 2009). A 
research has shown that many surveys in this field (Cvrcek et al., 2006; Danezis et al., 2005) 
do not put emphasis on strict representativeness of the sample. Therefore it is difficult to 
generalize survey conclusions to a larger population. 
 
Key Research Question: 
Under what conditions are various people willing to provide information about themselves? 
 
 

2. Value of Personal Confidential Information and Willingness to 
Participate in a Survey – Observation Results – Focus Groups  
 
For the purposes of pre-survey, we selected the method of focus groups (Krueger & Casey, 
2009; Bonnel et al., 2009). Focus groups structure: the target group was the adult population 
of the Czech Republic. By quota selection, respondents meeting the following quotas were 
chosen: age, sex, education and economic activity, so that it would be possible to assess 
representativeness of the sample set. In the end the sample set comprised 40 people equally 
divided into 5 age categories. It is necessary to mention that the respondents received a 
financial remuneration of CZK 1,000 for their participation in a group discussion. 
 
Four problem spheres were detected (Titheridge & Simpson, 2011): 
1) motivation factors/ willingness to participate in a survey using a GPS device;  
2) negative aspects of a survey using a GPS device and possible solutions;  
3) probability of a change of one's behavior during the survey due to using a GPS device; 
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4) optimal form of the device. 
 
On the basis of the pre-survey using focus groups, we can conclude that for various groups of 
population in our sample set, there are 2 factors which are the main motivation elements for 
participation in a survey – financial remuneration (in a simplified way, we could perhaps talk 
about a kind of an egoistic motivation) and conformity of the survey purpose with the 
respondent's attitudes and public welfare (when this motive is defined compared to the first 
factor, it is rather an altruistic one). 
 
 

3. Data 
 
On the basis of the theoretical framework and subsequent use of focus groups and their 
analysis, we proceeded to design a quantitative survey with the aim to verify basic theses and 
issues from previous analyses. The aim was also to test certain factors which came out from 
the focus groups. A questionnaire was prepared on the basis of the mentioned presumption 
and after its pilot testing, we proceeded to carry out a sample survey on the population of the 
Czech Republic. 
 
The sample set consists of 502 respondents aged from 12 to 79 years of age. The sample set 
was created on the basis of a stratified random directed address selection according to the 
database of real estates of the Czech Statistical Office. The basic stratification was carried out 
according to the size of the respondent's residence and individual regions. Data were collected 
by means of CAPI method by a trained inquirer using a notebook. Response rate was 75.4%. 
 
As concerns basic parameters, the structure of the sample set corresponds to the structure of 
individual characteristics in the population of the Czech Republic. Our set consists of 49.6% 
of men and 50.4% of women, 11% of university-educated respondents and on the other hand 
18% of respondents with primary education. Out of the total set of respondents, 22% take care 
of children under 18 years of age. 
 
As many as 8% of the respondents would be willing to participate in a survey of travel 
behavior using a GPS device, 17% selected the "rather no" option and 67% selected the "no"' 
option. Nevertheless, we are aware of the fact that these are responses from people who were 
already willing to take part in this survey. 
 
 

4. Analysis 
 
In the opening of our analysis, we focused on the effect of financial remuneration on the 
willingness to participate in a survey using GPS. At the beginning of the survey, the 
respondents were asked whether they were willing to participate for free and whether they 
would participate in the same survey for a remuneration of CZK 100 (EUR 4). The result of 
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the test of equality of proportions showed that at the confidence level of 0.05, we can refuse 
the zero hypothesis for the benefit of an alternative hypothesis according to which the 
proportion of people willing to participate is higher if they get remuneration. The increase is 
small (from 8.6% to 12.7%) but significant in terms of statistics. 
 
 

4.1 Influence of Individual Variables on the Willingness to Participate 
 
In our analysis we deal with the influence of individual factors on the willingness to 
participate in a survey of travel behavior under the variant with no right for remuneration. In 
particular we want to learn in what specific characteristics individual groups differ and what 
the characteristic of those who show greater willingness to participate in such survey is. When 
carrying out a survey using GPS, these factors may indicate methods by which the 
respondents might be motivated for greater participation in the future.  
 
In the first step, the association between each factor and the stated willingness to participate 
has been visualized using cross-tabulation. Afterwards, the strength of association among 
each factor and dependent variable has been assessed by binary logistic regression with one 
explanatory variable. In the following section we address factors which proved to be 
statistically significant at the significance level of 0.05. 
 
Respondents using discount cards for public transport are also more willing to participate in a 
travel behavior survey. 
 
Table 1: Influence of using discount cards for travelling on participation 
in a survey 

Participation in a Survey 
Discount 
cards Yes 

Rather 
yes 

Rather 
no No Total % 

Total of 
persons 

Yes 13,8% 4,6% 25,3% 56,3% 100,0% 87 
No 4,2% 2,5% 17,3% 76,0% 100,0% 359 

Total 6,1% 2,9% 18,8% 72,2% 100,0% 446 
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Table 2:  Influence of discount travel cards – results of logistic regression 
Coefficients Estimate Std. Error  z-value Pr(>|z|)     
Intercept -2.63608 0.21131 -12.475  < 2e-16 *** 
Travel card holder (no) - - - -  
Travel card holder (yes) 1.14599    0.34819   3.291 0.000997 *** 
Travel card holder (don’t know / 
no answer) 

-0.07197    1.05418  -0.068 0.945567    * 

 
As shown by the contingency table, 18.4% of those using a card for travelling would be 
willing to participate in a survey using GPS. Only 6.7% of those who don't have or use such 
card would be willing to participate therein. The odds of people willing to participate is about 
3.3 times higher in case of card holders comparing to people without this card. 
 
In other cases we proceeded in the same manner. Use of discount or club cards for various 
shops has a similar effect. As many as 21% of users of those cards and on the other hand only 
5.3% of those not holding these cards would participate in a survey of travel behavior. The 
odds of those willing to participate in the group of card holders is about 4.6 times higher than 
in the group of those not holding the card. 
 
We can assume that people willing to provide their personal data in exchange of certain 
benefits provided by the concerned shop are in general more liberal in providing their 
personal data and having them recorded (Zurawski, N. 2011; Culnan, M.J. and Armstrong, P. 
K. 1999). This finding is also confirmed by outputs from the focus groups. 
 
 
Table 3:  Influence of shopping discount cards – results of logistic regression 
Coefficients Estimate Std. Error  z-value Pr(>|z|)     
Intercept -2.615 0.299  -8.744 < 2e-16 *** 
Shopping card holder (no) - - - -  
Shopping card holder (yes) 1.218 0.379 3.213 0.00131 *** 

 
This thesis was confirmed also by another analysis which dealt with the question whether 
people know that data about their shopping behavior are collected via their discount cards. 
Discount card holders who are aware of the data collection are more willing. The odds of 
those willing to participate are 3.4 times higher with them than with those who don't know 
this fact. 
 
We have registered a similar effect also with travel discount cards. Once again, people who 
are aware of possible collection of data about their movement are more willing than users not 
aware of this fact. Specifically, the odds ratio in case of aware respondents is about 2.9 times 
higher than in case of the unaware ones. 
 
This trend is also confirmed by users of navigations or smart phones. Once again they are 
more willing to participate in such survey than those who don't have such device. In this 
context it is not surprising that people using social networks, such as Facebook, or 
localization social networks, such as Foursqaure, are more willing to participate. 
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As concerns other possible factors of "non-technical" nature, the influence of charity and 
religion on participation in this survey proved to be significant. 
 

Table 4: Influence of charity contributions on participation in a survey 

Participation in a Survey 

Charity 
contributions Yes 

Rather 
yes 

Rather 
no No Total % 

Total of 
persons 

Yes 11,0% 2,9% 20,3% 65,7% 100,0% 172 
No 2,9% 2,6% 18,2% 76,3% 100,0% 274 
Total 6,1% 2,7% 19,1% 72,2% 100,0% 446 
 
Almost 14% of respondents making contributions to charity would be in the same time 
willing to participate in a travel behavior survey compared to 5.5% of those who don't make 
any contributions to charity. 
 
 
Table 5:  Influence of charity contributions – results of logistic regression 
Coefficients Estimate Std. Error  z-value Pr(>|z|)     
Intercept -2.8488 0.2656  -10.727 < 2e-16 *** 
Charity (no) - - - -  
Charity (yes) 1.0296 0.3449 2.985 0.00283 ** 
Charity (don’t know / no answer) 0.9029 0.8012 1.127 0.25980  

 
As proven, the odds of those willing to participate is approx. 2.8 times higher in case of 
contributing people than in case of those who don't contribute. We can assume that 
contributing to a travel behavior survey with their part is in general a smaller problem for 
people who actively try to contribute to the "social good". 
 
We can find a similar trend also with believers as 18.8% of them would be willing to 
participate in a survey while among the unbelievers, it is only 6.6%. Another statistical 
analysis confirmed that the odds of those who plan to participate is approx. 3.5 times higher 
with believers than with the unbelievers. 
 
A demographic comparison proved a statistically significant disproportion between 
adolescents and adults on one side and seniors on the other side as older people are 
significantly less willing to participate in such survey. The odds are in case of people between 
20 and 59 years of age approx. 3.8 times higher than in case of people over 60 years of age. 
Compared to the senior category, the odds in the group of people up to 20 years are approx. 6 
times higher. 
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These differences can be most probably interpreted by lack of confidence or knowledge, as 
the case may be, of the older generations in relation to new technologies represented in this 
case by GPS. Hence this result confirms our findings from the focus groups. It is also worth 
mentioning that the influence of sex, size of residence or care for children was not confirmed. 
The influence of education was not confirmed either. 
 
 

4.2 Model of Willingness to Participate in a Survey of Spatial Behavior 
Using GPS 
 
In another part of our analysis, we addressed the willingness to participate from the 
respondent's point of view. We started from the theory of rational choice based on an 
assumption that a respondent considers two alternatives (to participate and not to participate) 
while each of them is connected with a specific utility function which consists of a linear 
combination of variables reflecting respondents' social-demographic attributes, their civil 
engagement and experiences with technologies for spatial data collection, and chooses the 
alternative which brings him/her higher utility. In order to determine the probability that a 
respondent with a certain combination of attributes will select the option to participate in a 
survey, we used the discrete choice analysis (Ben-Akiva&Lerman). 
 
When designing the model only those variables were used which could, according to our 
assumptions, influence the willingness to participate. The model was designed by the method 
of stepwise forward selection of explanatory variables with running assessment of efficiency 
using the Akaike information criterion. The final version of the model is described in table 6. 
 
 
Table 6:  Model of willingness to participate in a survey of spatial behavior using GPS 
Coefficients 

Estimate 
Std. 

Error  
z-value Pr(>|z|)    

 

Intercept -6.5554 1.1519 -5.691 1.26e-08 *** 
Believer (no)�      
Believer (yes) 1.4708 0.3976 3.699 0.000216 *** 
Believer (don’t know / no answer) 3.0381 1.2103 2.510 0.012068 * 
Smart phone user (no) �      
Smart phone user (yes) 1.0133 0.3722 2.723 0.006479 ** 
Smart phone user (don’t know / no 
answer) 

0.7290 1.4080 0.518 0.604624  

Domicile (Bohemia) �      
Domicile (Moravia and Silesia) 0.9338 0.3629 2.573 0.010071 * 
Accomodation (house) �      
Accomodation (flat) 1.0465 0.4549 2.300 0.021426 * 
Accomodation (bedsit) 3.2842 1.1873 2.766 0.005672 ** 
Aware of localization (no) �      
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Aware of localization (yes) 1.0496 0.5969 1.758 0.078663 . 
Aware of localization (don’t know / 
no answer) 

-0.4165 0.9768 -0.426 0.669803  

Household size (1 person)      
Household size (2 persons) 1.1650 0.8660 1.345 0.178525  
Household size (3+ persons) 1.6797 0.8238 2.039 0.041450 * 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
Null deviance: 276.85  on 461  degrees of freedom 
Residual deviance: 225.20  on 450  degrees of freedom 
AIC: 249.2      
� Reference category      
 
The results suggest that believers from larger households living in flats in Moravia and Silesia 
and in the same time users of smart mobile phones aware of the fact that these phones may 
monitor their movement are the best accessible respondents for a survey of spatial behavior 
using GPS.  
 
 

5. Conclusion 
 
Our study proved an influence of several factors. For one thing, it is the use of discount cards, 
whether shopping ones or those for travel discounts. Then there is a relation between the use 
of social networks and the greater willingness to participate. The last factor is certain 
participation in public life via contributions to charity or active acknowledgment of one's 
faith. 
 
Nevertheless, the survey did achieve its aim of finding a possible motivation factor in order to 
increase the number of respondents in the survey as we can promise them to contribute a 
specific amount to charity in return for their participation. 
 
We remain very careful when interpreting the results of the model of willingness to 
participate as the low number of observations and a relatively high variability of data did not 
allow dividing the data set into multiple parts so that it would be possible to base the model 
on these data as well as to verify it in the same time. Therefore we are planning to carry out a 
more detailed validation of the model in our next study. 
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Abstract 
 
The technological opportunities offered by web-based surveys allow to track precisely 
the behaviour of each respondent while filling in a web questionnaire. The log files 
created by a web-survey server system can provide factual information about the on-line 
response process: how the respondent navigates from one screen to another, how many 
times the printable version of the questionnaire is downloaded, how many questions are 
answered, how long the response process takes, etc.. 
In this framework, detailed log data related to the Italian business Research & 
Development survey are analysed in order to identify possible critical aspects in the 
questionnaire design and improve the accuracy of responses. Some indicators describing 
the behaviour of the respondent companies are proposed. Results from log data are 
reported by path and discussed. Besides, they are merged with statistical information 
coming from other sources, including the Italian register of active enterprises. 
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1. Introduction 

 
The technological opportunities offered by web-based surveys allow to track precisely 
the behaviour of each respondent while filling in a web questionnaire. The paradata1 
collected in web surveys can provide factual information about the on-line response 
process (Bethlehem and Biffignandi, 2011). 
The collection of paradata can happen on the server side and/or on the client side. 

                                                 
1 Paradata - this term was coined by Couper (2000) - are data about the process of answering the survey 
itself. 



In the first case, paradata are collected at the server on which the web survey resides and 
essentially describe server events, typically “visits” to web pages. Usually, every visit to 
each web page of the questionnaire is logged, together with an identifying code and a 
timestamp. This enables to track the survey progress and the behaviour of each 
respondent who started the survey. In the other case, paradata are collected at the client 
side or at the respondent device level and describe events within a web page, such as 
mouse clicks or changes of answers. Whereas server-side paradata can be collected 
independently of future actions of a respondent (the moment a visit occurs, these data are 
recorded and available), client-side paradata need to be transmitted from the respondent’s 
computer to the server (Heerwegh, 2002). 
In this framework, detailed server-side paradata related to the Italian R&D (Research & 
Development) survey for the year 2009 are analysed in order to identify possible critical 
aspects in the questionnaire design and, consequently, to understand the measures to be 
taken to improve the accuracy of responses. 
The paper is organized as follows. In section 2, after introducing some characteristics of 
the survey, a few results from data collection and validation are provided. On the basis of 
the available server-side paradata, a set of indicators describing the behaviour of the 
respondent companies is proposed (section 3). The main results are reported by path and 
discussed in section 4; in particular, with reference to intramural2 R&D performers, the 
resulting indicators are merged with statistical information coming from the Italian 
register of active enterprises. Finally, some conclusions are drawn, making a few 
suggestions on how to reduce the burden on respondents (section 5). 
 
 
2. The Italian business R&D survey 

 
The Italian business R&D survey produces statistics on R&D expenditures and on 
personnel involved in R&D activities. The survey - which is conducted on the web by the 
Italian National Statistical Institute (Istat) - is based on the methodological 
recommendations provided by the “Frascati Manual” (OECD, 2002), the main source of 
theoretical and practical guidelines to produce official R&D statistics at international 
level. 
The Istat business R&D survey is an annual census of the population of the Italian 
companies that can be identified as “potential R&D performers” in the reference year. 
In order to identify such a target population, Istat is regularly collecting information from 
a range of statistical and administrative data sources. They include: previous Istat R&D 
surveys, other Istat business surveys with R&D-related questions, the Italian register of 
active enterprises, the Italian register of R&D performing institutions (managed by the 
Ministry of University and Research), data on national and European Union funding to 
research projects, patent databases, business reports, data from the Italian Tax Agency. 
For a better interpretation of the results reported in the present paper, it is worth 
mentioning some peculiar aspects of the response process in economic surveys, like that 
on business R&D. In such surveys, respondents tend not to be answering questions for 

                                                 
2 A company or statistical unit may have expenditures for R&D either within the unit (intramural) or 
outside it (extramural). A more detailed definition of intramural expenditures can be found in OCDE 
(2002). 



themselves as individuals, but as representatives of their businesses, and should be 
familiar with tables, matrices, and numerical information. Besides, these surveys may 
need to be completed by multiple respondents and the release of data may require 
approval by the company. In the case of periodic surveys, it is important to take into 
account of previously reported data and of changes in the organizational structure, such 
as through a merger and/or acquisition. Finally, printouts of web questionnaires are 
frequently used to support the preliminary process of identifying what information needs 
to be provided. Respondents often use paper forms as rough drafts before attempting to 
enter the data and answer the sequence of questions on multiple topics that appear on 
successive screens of a web survey (Morrison et al., 2008). 
 
2.1 The web questionnaire 
 
In the web questionnaire of the Italian business R&D survey, the questions are numbered 
consecutively from beginning to end, and each question is placed on a single web page 
(or screen)3. The respondents can freely move back and forth through the questionnaire 
and make corrections as needed. Inconsistencies (or errors) within a question or between 
different questions are pointed out and described in detail at the top of each page. 
The section related to the company information and the printable version of the 
questionnaire are placed at the end, after the last question. 
Depending on the answer given to the first question, the path to be followed is 
highlighted in bold text on each web page: 
a. intramural R&D performers in the reference year should complete all the 

questionnaire (25 questions and the section related to the company information); 
b. extramural R&D performers in the reference year should complete only questions 1, 3 

and the section related to the company information; 
c. future intramural R&D performers (not involved in R&D in the reference year) should 

complete questions 1, 5, 19 and the section related to the company information; 
d. companies not involved in R&D should complete only question 1 and the section 

related to the company information. 
 
2.2 Some results from data collection and validation 
 
With reference to the year 2009, the target population for the Italian business R&D 
survey consisted of 18,945 companies. Istat collected data via the web from 9,551 
companies. 
As displayed in table 1, about two thirds (66.8 per cent) of the questionnaires were error-
free and were considered validated; the remaining questionnaires (33.2 per cent) needed 
to be reviewed. Besides, intramural R&D performers in 2009 (path a) represented about 
57 per cent of the total respondent companies; companies not involved in R&D activities 
were slightly more than one third. Percentages of questionnaires related to extramural 
R&D performers (path b) or to future intramural R&D performers (path c) were very low. 
 

                                                 
3 It is worth noting that the informational value of server-side paradata increases as fewer questions are 
placed on a single web page. As web pages contain more questions, the level of detail of server-side 
paradata decreases, since respondent’s actions within a particular web page are not recorded. 



Table 1. Main results from data collection and validation by path 
 

path n. of questionnaires 
error-free 

n. of questionnaires 
reviewed total 

a 2,938 2,555 5,493 

b 263 63 326 

c 146 227 373 

d 3,036 323 3,359 

total 6,383 3,168 9,551 

 
 
3. Indicators describing the behaviour of the respondent companies 

 
On the basis of the available server-side paradata, a set of indicators is built to study the 
behaviour of each respondent company while filling in the web questionnaire. 
The proposed indicators can be considered as proxies of the burden on the company: 
Ij:  number of times question j is visited (j = 1, 2, …, 25); 
I26: length of the actual navigational path (in terms of number of visited questions); 
I27: number of times the section related to the company information is visited; 
I28: gross connection time, computed as number of days between first and last 

timestamps; 
I29: connection time (in minutes); 
I30: number of days in which the connection occurs; 
I31: number of logins; 
I32: number of save operations; 
I33: number of downloads of the printable version of the questionnaire; 
I34: number of times in which the respondent company goes back when completing the 

questionnaire; 
I35: number of errors when completing the questionnaire. 
I36: number of variables for which the value provided by the respondent company is 

different from the validated one4. 
 
 
4. Main results 

 
In table 2, the mean and 90th percentile of the indicators proposed in section 3 are 
reported by path. 
With reference to path a (columns 2 and 3), the gross connection time spent performing 
the task of participating in the survey is about 17 days, while the actual connection lasts 
nearly 3 hours spread over 2.3 days (mean values). 
The completion of the questionnaire requires on average 4.5 logins and approximately 35 
save operations. It should be noted that for a tenth of the companies responding to path a 
- slightly more than 500 intramural R&D performers - the connection time is very long 
(more than 6 hours). 
                                                 
4 Obviously, I36 = 0 for companies whose questionnaire was error-free. 



On the average, the length of the actual navigational path is nearly 4 times the length of 
the questionnaire and the most visited questions are 16 “Personnel involved in intramural 
R&D activities by sex, occupation and qualification” (7.9 visits), 2 “Expenditures for 
intramural R&D activities by type of costs” (7 visits) and 15 “Personnel involved in 
intramural R&D activities by sex and age category” (6.8 visits). In particular, for a tenth 
of the companies responding to path a the actual navigational path is at least 161 
questions long. 
About 241 errors are made and the most frequent errors are those related to questions 2, 4 
“ Intramural R&D expenditures by source of funds”, 14 “Personnel involved in 
intramural R&D activities by co-operation partner”, 16 and 17 “Personnel involved in 
intramural R&D by occupation and type of R&D activity”. The number of variables for 
which the value provided by the respondent company is different from the validated one 
is 6.8 (mean values). 
Because of their shortness, for the other paths - b, c and d - the indicators assume lower 
values than those corresponding to path a (columns 4-9 of table 2). On the average, the 
actual connection lasts approximately one hour for the companies responding to paths b 
and c, while companies not involved in R&D spend about half an hour only to complete 
the first question and the section related to the company information. 
Besides, values reported in column 4-9 show that a few respondents to paths b, c and d 
tend to explore the questionnaire by selecting questions not included in their own path. 
 
When completing the questionnaire, intramural R&D performers (path a) go back an 
average of 4.2 times (column 2 in table 2). As displayed in table 3, the most frequent 
turning questions are 25 “R&D of foreign branches and subsidiaries” and 16. 
The relatively high number of turns that occur at the last question - nearly a quarter -
indicates that most of the companies responding to path a (about 62 per cent) get to the 
end of the questionnaire before correcting inconsistent answers to earlier questions or, at 
least, before providing definitive answers. 
When a turn occurs, the most visited questions5 are 15, 16 and 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                 
5 For the sake of brevity, the number of times each question is visited when a turn occurs is not reported. 



Table 2. Indicators describing the behaviour of the respondent companies by path (mean 
values and 90th percentiles) 

 

indicators 
path a path b path c path d 

mean 90th 
percent. mean 90th 

percent. mean 90th 
percent. mean 90th 

percent. 

I1 2.7 5.0 2.2 4.0 2.9 5.0 2.2 4.0 

I2 7.0 13.0 0.9 3.0 0.9 2.0 0.5 1.0 

I3 4.3 9.0 3.4 6.0 0.6 1.0 0.4 1.0 

I4 4.8 9.0 0.4 1.0 0.5 1.0 0.3 1.0 

I5 4.3 8.0 0.4 1.0 3.8 7.0 0.3 1.0 

I6 4.0 7.0 0.4 1.0 0.4 1.0 0.2 1.0 

I7 3.8 7.0 0.4 1.0 0.4 1.0 0.2 1.0 

I8 2.8 6.0 0.2 1.0 0.3 1.0 0.2 1.0 

I9 2.5 5.0 0.2 1.0 0.3 1.0 0.2 1.0 

I10 3.3 6.0 0.2 1.0 0.3 1.0 0.2 1.0 

I11 2.6 5.0 0.2 1.0 0.2 0.0 0.2 0.0 

I12 2.5 5.0 0.2 1.0 0.2 0.0 0.2 0.0 

I13 2.5 5.0 0.2 1.0 0.2 0.0 0.2 0.0 

I14 6.1 12.0 0.5 1.0 0.4 0.0 0.3 0.0 

I15 6.8 14.0 0.4 1.0 0.3 0.0 0.2 0.0 

I16 7.9 16.0 0.3 1.0 0.3 0.0 0.2 0.0 

I17 5.8 12.0 0.3 0.0 0.2 0.0 0.2 0.0 

I18 5.0 10.0 0.2 0.0 0.2 0.0 0.1 0.0 

I19 2.4 5.0 0.2 1.0 2.7 5.0 0.2 0.0 

I20 2.1 4.0 0.2 1.0 0.1 0.0 0.1 0.0 

I21 2.0 4.0 0.2 1.0 0.1 0.0 0.1 0.0 

I22 2.0 4.0 0.2 0.0 0.1 0.0 0.1 0.0 

I23 2.0 4.0 0.2 0.0 0.1 0.0 0.1 0.0 

I24 1.9 4.0 0.1 0.0 0.1 0.0 0.1 0.0 

I25 2.1 4.0 0.1 0.0 0.1 0.0 0.1 0.0 

I26 93.3 161.0 12.3 26.0 15.9 27.0 7.2 17.0 

I27 3.7 7.0 2.9 6.0 3.4 7.0 2.9 6.0 

I28 16.7 51.0 10.8 35.0 15.3 48.9 8.4 32.7 

I29 170.5 399.0 57.4 200.0 62.4 168.0 34.3 78.0 

I30 2.3 4.0 1.7 3.0 1.8 3.0 1.5 2.0 

I31 4.5 9.0 3.0 6.0 3.4 7.0 2.6 5.0 

I32 35.4 63.0 4.9 8.0 4.8 8.0 2.0 3.0 

I33 2.3 4.0 1.6 3.0 1.8 4.0 1.4 3.0 

I34 4.2 8.0 0.9 3.0 1.4 3.0 0.4 1.0 

I35 241.3 590.0 29.6 32.0 29.0 37.0 13.1 14.0 

I36 6.8 18.0 0.9 2.0 1.5 4.0 0.2 0.0 

 
 
 



Table 3. Number of times in which intramural R&D performers go back when completing 
the questionnaire, by turning question 

 

turning question 
number of times in which intramural R&D performers go back 

absolute frequence % 

2 953 4.09 

3 1,250 5.37 

4 1,275 5.48 

5 1,154 4.96 

6 763 3.28 

7 566 2.43 

8 240 1.03 

9 329 1.41 

10 340 1.46 

11 338 1.45 

12 165 0.71 

13 469 2.01 

14 717 3.08 

15 1,659 7.13 

16 3,198 13.74 

17 1,764 7.58 

18 1,176 5.05 

19 449 1.93 

20 312 1.34 

21 148 0.64 

22 130 0.56 

23 267 1.15 

24 230 0.99 

25 5,388 23.14 

total 23,280 100.00 

 
4.1 Merging indicators with ASIA 
 
In order to evaluate if possible difficulties in completing the questionnaire may be 
attributed to some dimensional business characteristics, the resulting indicators are 
merged by company with statistical information coming from the business R&D survey 
itself and from ASIA, the Italian register of active enterprises. 
With reference to intramural R&D performers, table 4 shows the correlation coefficients 
between the indicators describing the respondent behaviour and some business 
characteristics, such as ratio of number of researchers to number of employees, ratio of 
R&D expenditure to turnover, number of employees and turnover. 
Somewhat surprisingly, no significant correlation is found.  
 
 
 



Table 4. Correlation coefficients between the proposed indicators and business 
characteristics, with reference to companies responding to path a 

 

indicators 
correlation coefficients 

n. of researchers 
/ n. of employees 

R&D expenditure 
/ turnover n. of employees turnover 

I1 0.02 0.02 0.02 0.00 

I2 0.05 0.01 0.00 -0.01 

I3 0.07 0.02 0.01 -0.01 

I4 0.08 0.02 0.02 -0.01 

I5 0.04 0.02 0.03 0.01 

I6 0.03 0.03 -0.01 -0.01 

I7 0.01 0.04 0.01 0.00 

I8 0.02 0.03 0.00 0.01 

I9 0.01 0.03 0.02 0.00 

I10 0.00 0.03 0.00 0.00 

I11 0.01 0.05 0.02 0.01 

I12 0.02 0.04 0.01 0.00 

I13 0.03 0.04 0.02 0.00 

I14 0.05 0.01 0.01 -0.01 

I15 0.04 0.01 0.02 0.03 

I16 0.01 0.00 0.05 0.02 

I17 0.01 0.01 0.03 0.01 

I18 0.01 0.00 0.06 0.03 

I19 0.00 0.03 0.05 0.03 

I20 0.00 0.04 0.03 0.01 

I21 0.00 0.02 0.04 0.02 

I22 0.02 0.02 0.06 0.05 

I23 0.02 0.02 0.06 0.03 

I24 0.01 0.02 0.04 0.02 

I25 0.00 0.02 0.06 0.05 

I26 0.03 0.02 0.03 0.01 

I27 -0.01 0.00 0.07 0.03 

I28 0.01 0.00 0.04 0.03 

I29 0.01 0.00 0.10 0.04 

I30 0.02 0.01 0.10 0.06 

I31 0.00 0.00 0.10 0.06 

I32 0.04 0.00 0.05 0.02 

I33 -0.02 0.01 0.03 0.01 

I34 0.04 0.00 0.00 0.02 

I35 0.01 0.00 0.07 0.02 

I36 0.01 0.01 0.01 0.00 

 



The weakness of the relationships between the above indicators and business 
characteristics is also confirmed by the results from the application of the canonical 
correlation analysis6. 
 
 
5. Concluding remarks 
 
On the basis of the available server-side paradata, a set of indicators is proposed to study 
the behaviour of companies while filling in the web questionnaire related to the Italian 
business R&D survey. 
With reference to intramural R&D performers, most of the indicators assume very high 
values. As the printouts of web questionnaires are frequently used to support the response 
process, providing respondents with them at the beginning of the survey, rather than after 
the last question, could prevent errors and too long navigational paths. 
Besides, the weak relationships between the set of indicators and the business 
characteristics considered in this paper indicates that possible difficulties in completing 
the questionnaire may be attributed to the complexity of the survey itself. 
As suggestion for future work, client-side paradata could hopefully be collected and used 
to better understand how respondents construct their answers, with a view to further 
reduce the burden on companies. 
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Abstract 
 

Presentation of geographical distribution patterns of enterprises can be enriched if 

individual size is represented consistently with the structural dimension. The objective of 

this paper is to explore new techniques of presentation and dissemination of statistical 

information on enterprises through statistical and economic geography tools of analysis, 

to test them through applications on official data, and respect, at the same time, data 

confidentiality. This approach focuses on the application of functionals to quantitative 

variables as proxies of firm size, such as persons employed and turnover, in order to carry 

out spatial representation of the structure of single production units. The applications are 

based on data on enterprises specialized in the Information Technology (IT) sector, one 

of the most concentrated sectors on a national basis in Italy, that is suitable for analysis at 

enterprise level.  
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1. Introduction 
 

Official statistics is increasingly based on the use of administrative data sources. The 

Italian National Institute of Statistics (ISTAT) has started a process of implementation of 

statistical archives over the last two decades (Garofalo and Lorenzini 1995) which 

constitute the basis of the informative system of establishment surveys. This work 
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proceeds as follows. Section two provides the main features of methods and applications 

utilized for the construction of indicators, standardization, geocoding and geo-referencing 

activities on addresses of enterprises included in the Business Register, and presents the 

integrated database utilized. Section three will discuss the preliminary results that emerge 

from the applications. Some conclusions and final remarks will be drawn in Section four. 

 

 

2. Methods, data and applications 
 

2.1 The integrated enterprises data: the Business Register 

 

The statistical Business Register (BR) is both the main secondary data collection on 

enterprises and the main tool for structural business statistics conducted by ISTAT 

according to EU Regulations (European Commission, 2008; Biffignandi,1995). Among 

others, the main sources are: registers of enterprises implemented by the Chambers of 

Commerce; fiscal archives implemented by the Revenue Agency on behalf of Minister of 

Finance and Economics, in particular the Tax Register Information System which gathers 

and processes data of financial interest concerning all natural persons, companies, and 

entities endowed by an identification code (tax code, VAT number); the annual 

declaration of VAT taxpayers; the Italian Regional Tax on Productive Activities 

declaration (i.e. Irap) and the Statistics-based Tax Assessments; the register of balances; 

the register of Financial Institutions managed by the Bank of Italy; the register of 

Insurance Companies managed by the Italian Insurance Regulation Authority (i.e. 

ISVAP). BR provides structural information on enterprises and persons employed at the 

finest level of detail according to national and international classifications (i.e. the 

classification of legal forms; the Nomenclature of territorial units for statistics - NUTS; 

the European classification of economic activities - Nace rev. 2).  

 

2.2 Standardization of Business Register enterprises 

 

The textual standardization process of the addresses is essential for the univocal and 

correct identification of enterprises address in the territory. The term standardization 

defines a number of processes used to break up heterogeneous, unstructured, incomplete 

or erroneous information in order to create a standardized information. Within these 

processes, it is necessary to apply a set of rules and algorithms on each component of 

addresses in order to bring the input data in the standardized tabular form, as well as 

preserve data integrity. A standardization process is considered as necessary if the 

information is provided from different sources, such as Chambers of Commerce’s 

archives, where the mode of addresses entry often depends on subjective factors and 

historical legacy. The quality and accuracy of a standardization process are primarily 

derived from the databases of reference or thesaurus, as well as from efficient algorithms 

for recognition and processing; the database contains the toponymy of all Italian 

municipalities. The processing algorithm has to ensure an accurate and timely processing 

of addresses in a variety of specified forms, to validate the components with the official 

data of its base of information and, at last, return the official descriptions. 

 



2.3 Geocoding and geo-referencing 

 

The term geocoding indicates a process through which the number of a Census section 

has been assigned to each house number; geo-referencing means the attribution of 

coordinates to each address. Such geo-referenced data are acquired by using techniques 

of spatial analysis, separately from the structure of the standardizer, and attributed to 

each building through transcoding tables. The degree of accuracy of geocoding depends 

on various factors, first of all, on the accuracy of the road graph of reference. This 

calculation is done by interpolation, which means that there is no certainty that the access 

defined by a house number corresponds exactly to the real coordinates: the allocation of 

street numbers does not necessarily mean that they are allocated in order, no matter how 

advantageous this would be. If the logical order of street numbers is not respected, the 

interpolation process attributes them incorrectly because the basic assumption is that the 

numbers are ranked even-numbered to one side, and odd-numbered to the other. The 

census section is obtained by ascribing the estimated coordinates of these street numbers 

to the design of the census sections (Patruno, 2012). The number of the section is 

obtained through a spatial relationship; in case of omission of this information by the 

chamber system, the scarce quality of the produced data can be overcome only by a field 

survey. 

 

2.4 Data on enterprises and geographical features 

 

The conceptual scheme used is represented by entities (i.e. databases involved in the 

integration processes) and, considering the relationships among them, by keys of 

deterministic linkage procedure. The micro level database utilized in order to perform the 

analysis has been constructed through a deterministic linkage process between subsets of 

the Business Register for the year 2009. The statistical archive constitutes the elementary 

database for the development of the statistical analysis focused on micro entrepreneurship 

(Consalvi et al., 2011). In particular, the two macro sets of information considered are 

those related to surveyed unit information (e.g. data on employers, persons employed, 

local units, turnover, etc.) and geographical features. The database created was integrated 

with territorial level databases resulting from standardization and geocoding processes of 

the BR, which in turn consists of the integration of information from different 

administrative sources. The resulting integrated base of micro data has supported the 

analysis of entrepreneurship in terms of business demography (e.g. survival rate to a 

certain date), used as a proxy for those born in the considered period of time. From a 

sector of activity point of view, in this paper data on mono-localized enterprises of the 

Information Technology (IT) sector in Italy will be utilized (Assinform 2011; Verrecchia 

2010). 

 

2.5 Secondary data collection, geographical distribution patterns and structure 

indicators 

 

Methodological innovations of this paper derive from the use of secondary data collection 

in official statistics. Here the focus is on the improvement of visualization of the studied 

phenomenon where the alternative measures for the structure of the unit of analysis can 



produce a significant difference in terms of outputs. Some authors (Crescenzi et al., 2011; 

Bisio et al., 2011; Lombardi et al., 2012) have started to study size criteria for spatial 

representation of the unit of analysis (i.e. point-enterprise): uniform size, size by persons 

employed, size by turnover, size by persons employed and turnover. The uniform size 

considers single enterprises as points of equal size in the cartographical representation, 

while the other proposals are structural sizes based on weighted crossing formulae. In 

formal terms: let N be the number of production unit, let d be the point-enterprise size pn, 

let an be the set of persons employed in the unit n, let vn be the unit n turnover. Then, we 

can define the following useful functions, for any n = 1, 2, …, N:  

 

pn = d          [1] 

 

as uniform size; 

 

pn(a) = (d * N) * (an / ∑n an)      [2] 

 

as structural size based on persons employed; 

 

pn(v) = (d * N) * (vn / ∑n vn)      [3] 

 

as structural size based on turnover; 

 

pn(a,v) = (d * N) * ( m1[pn(a), pn(v)] / ∑n m1[.] )   [4] 

 

pn(a,v) = (d * N) * ( m0[pn(a), pn(v)] / ∑n m0[.] )   [5] 

 

as structural size based on weighted crossing formulae, where m1 and m0 are, 

respectively, the arithmetic and the geometric mean.  

This approach requires the choice of the size d (e.g. d = 0.01) for all the functions: as a 

consequence, the total amount of “color” put in the map is constant and equal to d * N. 

 

 

3. Results 
 

We tried to apply above mentioned indicators to official integrated data on enterprises in 

order to study the existence differentiated of polarization processes of IT enterprises. 

Given the importance of localization factors in IT sector (Van Oort et al., 2006), the 

analysis is carried out at the regional level and explores economic geography dynamics 

(Conti, 1999). What follows will illustrate geographical patterns of distribution of mono-

localised enterprises of three regions: Lombardy, Tuscany and Piedmont. 

 

3.1 Models of diffusion of enterprises: the polarization 

 

The first application refers to Lombardy, that stands out in Italy for number of enterprises 

(25%), persons employed (29%) and turnover (39%) in the IT sector. This region is an 

economic focal point -one of the four European economic engines- has still a strong 



industrial characterization where the model of IT mono-localised enterprises diffusion is 

based on well-known supply and demand rules. The initial results of the analysis, 

conducted on mono-localised enterprises of Lombardy, have confirmed the hypotheses of 

the regional polarization about the diffusion of entrepreneurship specialized in the IT 

sector. As figure 1 shows, in the region there is a strong process of polarization, mostly 

based on communication and exchange relations, that consist in the spazial concentration 

of IT enterprises around the metropolitan area of Milan. In fact, in consideration of the 

sectorial features, the Italian IT sector is particularly influenced by horizontal relations, 

more than vertical ones. This kind of model is pushed by agglomeration processes based 

on the positive externalities that derive from the spatial proximity of enterprises of IT 

sector. In Lombardy, this phenomenon has led to a regional structure that is very different 

from the Hierarchical Patterns of Urbanization proposed by Christaller (1972). 

 

 
Figure 1: Mono-localized enterprises in the IT sector active before 2000, Lombardy, 2009 (size: uniform). 

Source: data processing on ISTAT data (Business Register 2009) 

 

3.2 Models of distribution of enterprises: the co-localization  

 

The diffusion model is analyzed also from a dynamic perspective. The observation of the 

distribution of mono-localized Lombardy enterprises in the IT sector in 2009 -active 

before 2000 (Figure 1)- and the one of those born later, shows a tendency for new 

enterprises to co-locate around pre-existing poles of IT enterprises (Figure 2). The 

concentration of the localization of IT sector represented in the map, consistent with the 

horizontal network of relations, is due to agglomeration processes related to the benefits 



of co-localization. One of the most important determinant of co-localization processes is 

the technological transfer conveyed from the mobility of human capital, that derives from 

the increase of ageing knowledge and skills shortage out of central places. The 

hierarchical space, far from the theoretical isotropic space especially for this kind of 

enterprises (i.e. monolocalised enterprises), can be related to the traditional ties of supply 

and demand. The dynamic analysis shows the exploitation by the new economy of urban 

and production pre-existing networks but, at the same time, makes hard to avoid the risks 

of sectorial diseconomy, especially for the considered data. 

 

 
Figure 2: Mono-localized enterprises in the IT sector, Lombardy, 2009 (size: uniform) 

Source: data processing on ISTAT data (Business Register 2009) 

 

3.3 Models of distribution of enterprises: the “ring”  
 

Tuscany is an industrialized region of Italy where 7% of Italian IT enterprises are located 

and ranks seventh in terms of persons employed. The Region realizes 6% of the overall 

turnover of the sector. In Tuscany there are no large enterprises which act as attraction 

poles. Geographical representation of monolocalized IT enterprises (Figure 3) shows a 

model of distribution with a precise ring shape. This model has two main features. 

Firstly, it involves mainly the provinces of Florence and Pisa, which host universities and 

research centres active in technology transfer. In addition, the towns of Pontedera, 

Navacchio, Collesalvetti and Ospedaletto host some of regional excellence poles in the 

IT sector and Pisa itself is acknowledged as technological industrial district by Tuscany 

Region. Secondly, it is developed around the connection infrastructure between the two 

provinces. Some studies on specificities in Tuscany (Piccaluga et al., 2008) highlight that 



enterprises’ determinants in localization choices are geographical position with respect to 

customers and other enterprises they have collaborative relations with. Furthermore, the 

Tuscan case highlights the benefits of university as highlighted in the concept of the 

university research-centric district’ (Bellandi and Caloffi 2010). The absence of 

predominant polarity in this distribution model marks a clear distinction with Lazio and 

Lombardy, where enterprises are polarized around Rome and Milan respectively.  

 
Figure 3: Mono-localized enterprises in the IT sector, Tuscany, 2009 (size: uniform) 

Source: Crescenzi et al., 2011; Lombardi et al., 2012. 

 

3.4 Functional for geographical representation of the IT sector structure 

 

Finally, we use statistical functional explained in Section 2.5 for spatial representation of 

enterprise structure by applying geometric mean m0 [5]. The focus is now on 

representations of other than the ‘uniform size’ of enterprise. Particularly, we apply 

geometric mean to quantitative variables (i.e. persons employed, turnover) for spatial 

representation of the structure of enterprises. In this way, the size of the n-th point 

representing the enterprise is weighted with percentage composition of employees and 

turnover. For each functional utilized, the same quantity of color (d * N) in the 

cartographies is utilized in order to represent the phenomenon. Figure 4 shows 

enterprises localized in Piedmont just in terms of persons employed without the 

application of geometric mean m0. A large enterprise is highlighted but it is not 

consistent with real structural representation. The application of the geometric mean 

allows representations of phenomena consistent with productive contexts. In particular, 

only consistent structural elements emerge in the cartographic representation (Figure 5) 



while the production smaller places are visible to the extent the applicative choice allows 

a visible enterprise size. 

 
Figure 4: Mono-localized enterprises in the IT sector, Piedmont, 2009 (size: persons employed) 

Source: Crescenzi et al., 2011; Lombardi et al., 2012. 

 
Figure 5: Mono-localized enterprises in the IT sector, Piedmont, 2009 (size: m0(persons employed, 

turnover)) Source: Crescenzi et al., 2011; Lombardi et al., 2012 

 



4. Conclusions 
 

Official statistics institutes increasingly often face the possibility to choose between 

primary or secondary data collection. The intensive use of statistical archives and 

secondary data sources not only reduces costs of data collection and administrative 

burden on enterprises, but allows also a detailed territorial information provided with 

geographical coordinates, a detailed sector of activities NACE 5 digits with coverage of 

economic activities for specific sub-sets of population (e.g. self-employment), the annual 

availability of information.  

Moreover, the applications carried out in this work have shown an additional advantage 

in using functionals instead of BR variables in the spatial representation of enterprises 

structure. In fact, this strategy allows to provide information at single enterprise level 

without giving the correspondent administrative micro data. Also the simplicity of the 

approach improves the strength of this kind of application, that comes from well-known 

family of functions (i.e. potential averages) allows the respect of data confidentiality 

while improving simultaneously data representation. 

Despite some interesting aspects have emerged in this work, authors are aware of the 

limits imposed by the source of data utilized (the Business Register) for instance in terms 

of availability of quantitative variables. Moreover, data representation is influenced by 

subjective choices, such as the definition of the size of the point-enterprise (defined ex 

ante in the case of uniform size). 
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Abstract 
 

The paper aims to investigate the nature of the relationship between the shadow 
economy (SE) and unemployment rates (both registered and ILO) for the case of 
Romania using Pesaran et al.(2001) bounds tests approach for cointegration. The study 
uses quarterly data covering the period 2000-2010. The size of Romanian shadow 
economy is estimated using the currency demand approach based on VECM models, 
stating that its size is decreasing over the analyzed period, from 36.5% at the end of 2000 
to about 31.5% of real GDP at the middle of 2010. 

The ARDL cointegration approach results show that in short-run both ILO and 
registered unemployment rate has a negative and statistically significant effect on the size 
of the shadow economy, while in the long-run the unemployment rates has a positive 
effect on shadow economy. The ARDL causality results revealed the existence of a long-
run unidirectional causality that runs from unemployment rates to shadow economy.  
 
 
Keywords : currency demand approach, ARDL cointegration approach, unemployment 
rates 
 
 

1. Introduction 
 

The paper aims to estimate the size of the Romanian shadow economy (SE) using the 
currency demand approach for quarterly data covering the period 2000-2010 and to 
investigate the relationship between the size of the shadow economy(SE) and the 
registered and ILO unemployment rates for the case of Romanian data  using ARDL 
causality analysis.   

This dual structure divides the paper into two main sections. The first part briefly 
presents the estimation of the size of Romanian shadow economy as % of official GDP 
using the currency demand approach. 

The second part presents an overview of the empirical research analyzing the 
relationship between shadow economy and unemployment rates and investigates the 



causality between them providing the data and methodology and finally the main 
econometrical outputs. 

The main empirical results regarding the Romanian shadow economy estimates are 
obtained by both national and international studies using different estimation methods 
and are presented in table 1. 

Table 1. The size of Romanian shadow economy(% of official GDP) 
Authors Approach Period Size of SE 

 (min-max) 
 
Albu(2003, 2008, 2010, 2011) 

 
Discrepancy between actual 
and desired income 

 
1995-2007 

 
14.6%-22.3% 

Institutul Național de Statistică Labour input method 1998-2009 14.5%-23.5% 
Johnson(1997, 1998) Physical input method 1990-1995 18.0%-28.3% 
Lacko(1999) Physical input method 1990-1995 20.9%-31.3% 
Schneider et al.(2000, 2002, 
2004, 2005, 2006, 2007, 2009) 

DYMIMIC model and currency 
demand approach 

1990-2005 26.2%-37.4% 

Schneider et al.(2010) MIMIC model 1999-2006 34.4%-36.7% 

  
As Schneider and Enste (2000) stated, no approach is exempt from criticism, the 

empirical results being different. So, if according to National Institute of Statistics, the 
informal activity represents between 14.5% and 23.5% of official GDP, Schneider et 
al.(2010) estimates the size of shadow economy in Romania to overcome the threshold of 
35% of official GDP. 

  
 

2. Estimating the size of Romanian shadow economy 
 
2.1. Metodology and data 

 
The size of Romanian shadow economy was estimated using one of the most 

commonly used indirect methods proposed by Cagand and Tanzi’s that assumes that 
shadow (or hidden) transactions are undertaken in the form of cash payments, so as to 
leave no observable traces for the authorities. An increase in the size of the shadow 
economy will therefore increase the demand for currency. 

The size of the Romanian shadow economy based on the currency demand approach 
was estimated using multivariate cointegration and vector error correction models 
(VECM) in order to investigate whether a long-run equilibrium relationship exists 
between currency demand and its determinants. 
Several empirical models were estimated: 
M1: tttrttt WSRTaxYC 14123210 εααααα +⋅+⋅+⋅+⋅+=                                   (1) 

M2: tttrttt WSRTaxYC 2433210 εααααα +⋅+⋅+⋅+⋅+=                                               (2)                             

M3: tttrttt GovRTaxYC 34123210 εβββββ +⋅+⋅+⋅+⋅+=                        (3) 

M4: tttrtdtt ERTaxYC 44123210 εθθθθθ +⋅+⋅+⋅+′′⋅+=                                    (4)          

M5: ttrtdtt RTaxYC 5123210 εϑϑϑϑ +⋅+⋅+′⋅+=                          (5) 



M6: ttpctrttt YRWSTaxM
C

64123210
2
)( εγγγγγ +⋅+⋅+⋅+⋅+=                                   (6) 

where:      
C  is the currency in circulation outside the banks (at the end of the period in millions 

RON) normalized by the GDP deflator; 2M
C

is of currency outside the banks and M2 
(broad money);Y  is real gross domestic product in millions RON, base year 

(2000=100); pcY
 is real GDP per capita;dY ′  is real disposable income (GDP at current 

prices- taxes) normalized by GDP deflator;dY ′′ is real disposable income (GDP at current 
prices-taxes+social benefits) normalized by GDP deflator; Tax  is total tax revenues 
normalized by GDP; 12Rr  is 12-month Real Romanian inter-bank offered rate 

(ROBOR); 3Rr  is 3-month Real Romanian inter-bank offered rate (ROBOR);WS is the 

ratio of gross wages and salaries in national income;Gov is the ratio of final government 
consumption expenditure in GDP;E   is the ratio of private consumption expenditure in 
GDP; 6,..,1, =iiε  are the error terms. 

Regarding the sign of the variables in the models, we expect a positive impact on 
currency demand for income, taxes1, wages, government consumption, private 
consumption and a negative effect from the part of interest rates2. 

The time span covered by the series is from 2000:Q1 to 2010:Q2, the number of 
observation is 42. Apart from the real interest rates and the real currency outside banks, 
the data were seasonally adjusted by means of tramo seats method. All series were 
expressed in logarithmic form. The main sources used to collect the data are: Eurostat, 
National Bank of Romania and National Institute of Statistics. A description of the 
variables and their sources is summarized in the table 1 of Appendix. 
 
 
2.2. Empirical results 
 
2.2.1. Estimating the currency demand approach 
 

As a preliminary step, we carried out tests of non-stationarity for each series. 
Furthermore, Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP)) tests were employed in 
order to identify each variable’s integration level.  Both tests were consistent with the hypothesis 
that the variables are level-unstationary but first difference stationary.  

Since it has been determined that the variables under examination are integrated of order 
1 then the Pantula principle and the Johansen and Juselius cointegration test were be performed.  
The tests suggest at least one cointegrating vector exists for each model considered, meaning that 
there is a long-run equilibrium relationship between the variables of the model. 

                                                 
1 The expected positive impact of taxes on currency demand can be interpreted, following Tanzi: if the level of taxation increase, 
economic agents will be encourage engaging tax-evading activities, using currency, due to the intractability of cash, and than the 
currency rises (Brambilla Macias and Cazzavillan, 2009). 
2If the interest rate increases, the economic agents get ride to their currency holdings. The negative expected coefficient on the 
inflation variable reflects the fact that rising rates on inflation erode the value of money and encourage smaller volumes of currency 
holdings.  



Given the non-stationarity of our series, traditional estimation methods are ruled out and 
we must then estimate a VAR model in which we shall include a mechanism of error correction 
model (ECM). The results of the VECM models are presented in table 2. 

 
Table 2. Empirical results of VECM models 

 
 

Analyzing the empirical results for all the six models, the best model was considered the 
model 1M  in which the coefficients for output, tax burden and wages have a positive long-run 
effect, while interest rate take the pressure off on currency demand.  

This implies that an increase in the tax rate is likely to motivate individuals to participate 
in the underground economy in an attempt to increase their  income. The coefficient on interest 
rates is negative as expected reflecting the increasing opportunity cost in holding currency 
balances when interest rates are rising. All coefficients are strongly statistically significant. 

The significance of the error correction term (ECT) shows causality in at least one 
direction. The lagged error term ( 1−tEC ) in our results is negative and highly significant. 



The error correction term for model 1M - as -1.22 (0.20) indicates a high rate of 
convergence to equilibrium, which implies that deviation from the long-term equilibrium 
is corrected by 122% over each quarter. The coefficient of the error correction term is 
significant at 1% level and greater than unity implying a high speed of adjustment 
towards equilibrium.  

 
2.2.2. Obtaining the size of Romanian shadow economy 
 

After estimating the vector error correction model (VECM)3 and obtaining the 

coefficients for the long-run relationship of model1M ,we computeC
~

using all the 
coefficients in equation (7).Then, we set the tax variable4 equal to zero and re-estimate 

the equation, keeping all the other coefficients unchanged to obtainĈ : 

ttttt WSRTaxYC ⋅+⋅−⋅+⋅+−= 85.115.042.480.140.16ˆ                         (7) 

The difference between these two variables-Ĉ and C
~

-gives the amount of extra 
currency (EC) or illegal money in the economy. Following Tanzi (1983), we assume 
equal velocity in both the formal and informal and estimate it as follows: 

v
ECM

Y =
−1

                               (8) 

 
Equation (8) yields the velocity of money in the Romanian economy. Y is the gross 

domestic product, 1M corresponds to total currency and deposits in circulation and extra 

currency (EC) for extra currency or illegal currency. The difference between 1M  and EC 
can be interpreted as the amount of legal money used in economy. 

Once we estimate the velocity from equation (8), the dimension of shadow economy 
using the currency demand approach can be obtained multiplying EC by the velocity of 
money: 

shadowYvEC =∗                                                                        (9)              

The main idea behind the model is that a rise in the underground economy will cause 
an increase in demand for money. Following the Ahumada et al. (2007), we proceed to 
correct our estimates using their suggested method5: 

ββ
11

)
ˆ

ˆ
()(

official

shadow

official

shadow

official

shadow

Y

Y

C

C

Y

Y ==                                     (10) 

where: Y is the GDP, C is the currency, while β is the income elasticity. The correction 

basically deflates the wrong ratio )
ˆ

ˆ
(

official

shadow

Y

Y that we obtained using inappropriately the 

assumption 1=β . Equation (12) corrects the estimation when1=β . 

                                                 
3 The long-run relationship between our variables was derived normalizing C. 
4 The only reason tax rates would affect the use of cash is that cash is used as a means of evading taxes in the underground economy 
(Spiro, 1994). 
5 Ahumada et al.(2007) show  that it is wrong to assume the same velocity of money when the hypothesis 1=β   is rejected by the 

econometric estimation of the currency demand model. This is our case, since our model gives us a coefficient 80.1=β . 



 The empirical results of currency demand approach based on VECM models 
emphasizes that there is a general downward trend in the size of the shadow economy as 
% of official GDP for the period 2000-2010 with an highlight on two low periods, 
2003Q1 and 2008Q4. 
Thus, the size of the shadow economy6 as % of official GDP measures approximately 
36.6% in 2000Q1 and follows a downward trend after registering the value of 31% by 
2008. For the past few quarters, there is a slightly upward trend in the size of Romanian 
shadow economy. The results are consistent with studies by Schneider (2007) and Albu 
(2007, 2010, 2011) which show a mainly downward trend of informal economy in 
Romania. 
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Fig.1. The size of Romanian shadow economy as % of official GDP 

 

3. The relationship between unemployment rate and shadow economy in 
Romania. A ARDL causality analysis 
 

The aim of this second part of the paper is to investigate the nature of the relationship 
between unemployment rates7 and the size of the Romanian shadow economy and to 
identify the direction of causality between them using ARDL cointegration and causality 
approach. 
 According to Giles and Tedds (2002), two opposing forces determine the relationship 
between unemployment and the informal economy. On the one hand, an increase in the 

                                                 
6 It is important to note that because of its undetectable nature and character, it is nearly impossible to measure precisely the size 

of economic activities taking place in the informal economy of any country in the world, whether developed or less developed. Given 
this, any theoretical or empirical inference derived from these results should always be regarded as an approximation. In the face of 
these difficulties, the results drawn from these estimates should be interpreted with due reserve, given the limitations of the methods. 
7 Regarding the Romanian unemployment data, there are two measures available for unemployed persons: the first is the registered 
unemployment rate, who is calculated by National Agency for Employment (NAE) and based on statements of people who pass by 
employment agencies and said that they are unemployed and the ILO unemployment rate, who is published quarterly by the National 
Institute of Statistics and is based on labour force survey (LFS). 
 



unemployment rate may involve a decrease in the informal economy because it is 
positively related to the growth rate of GDP and eventually negatively correlated with 
unemployment (Okun's law). On the other hand, increase in unemployment leads to an 
increase in people working in the informal economy because they have more time for 
such activities. 
 Dell’Anno and Solomon (2007) stated that there is a positive relationship in the short-
run between unemployment rate and U.S. shadow economy for the period 1970-2004. 
Using SVAR analysis, they investigate the response of the shadow economy to an 
aggregate supply shock (impact of the shadow economy to a temporary shock in 
unemployment). The empirical results show that in the short-run, a positive aggregate 
supply shock causes the shadow economy to rise by about 8% above the baseline. 
 
 

3.1. Methodology and data 
 

The data used in the research covers the period 2000:Q1- 2010Q2. The variables used 
are as follows: the size of the Romanian shadow economy expressed as % of official 
GDP (SE) obtained by currency demand approach; ILO unemployment rate (ILO_UR) 
and registered unemployment rate (R_UR). The unemployment rates were seasonally by 
means of tramo seats method. The main source of the data for unemployment rates is the 
National Institute of Statistics (Tempo database) and the National Bank of Romania.  

In order to investigate the relationship between shadow economy and unemployment 
rate, we estimate the models: 

ttt URRSE 111 _ εβα +⋅+=                                                (11) 

ttt URILOSE 222 _ εβα +⋅+=                                                    (12) 

where: tSE  is the size of Romanian shadow economy as % of official GDP obtained 

through ARDL models; tURR _  is the registered unemployment rate; tURILO _  is the 

ILO unemployment rate; 21,αα  are constants; tt 21 ,εε  is the disturbance terms.  

According to Pesaran et al.(2001) approach, in the first step we have verified the 
cointegration using the bounds test approach. In the second phase, once the 
conintegration confirmed, we estimate the long-run coefficients of the level equations 
(11)-(12) and the short-run dynamic coefficients using the ARDL error correction 
models. To ascertain the goodness of fit of the ARDL models, diagnostic and stability 
tests are conducted. The diagnostic test examines the serial correlation, functional form, 
normality, and heteroscedasticity associated with the model.The parameter stability was 
tested using the CUSUM and CUSUMSQ tests. Finally, we tested the direction of 
causality within the conditional Granger causality tests using the ARDL mechanism as a 
long-run context. The F-statistics for the short-run causations and the t statistics of 
ECTs(error correction term) for the long-run causations must be statistically significant to 
achieve Granger causality between the shadow economy and the unemployment rates. 
 
 
 
 
 



3.2. Empirical results  
 

Investigating the possibility of cointegration between the shadow economy and the 
unemployment rates using the bounds tests within the ARDL modeling approach, the 
empirical results show that in short-run both ILO unemployment rate and registered 
unemployment rate has negative and statistically significant effect on shadow economy; 
however in the long-run both unemployment rates have a positive effect on shadow 
economy.  

The long-run estimated R_UR and ILO-UR coefficients state that 1% increase in 
registered unemployment rate yields an average 0.40% increase in the size of the shadow 
economy, while a 1% increase in ILO unemployment rate yields an average 2.17% 
increase in the size of the shadow economy. 

Finally, we tested the direction of causality within the conditional Granger causality 
tests using the ARDL mechanism. 
 

Table 3.Results of Granger Causality for SE and R_UR and  SE and ILO_UR 
 

 
 
  
 
 
 
 
 

The empirical results revealed the existence of a long-run uni-directional causality that 
runs from the registered unemployment rate to the shadow economy. 
In table 3, the significance of F-statistic value confirms the short-run causality from 
registered unemployment rate to shadow economy. The negatively and significance of 
error correction term provide evidence of long-run causality. The error correction term is 
significant with the expected sign that confirm long-run unidirectional causality from 
unemployment rates to shadow economy as we concluded through bound test. Therefore, 
in the long-run we have proved that there is a unidirectional causality that runs from 
unemployment rate (registered or ILO) to shadow economy.  
 
 
4. Conclusions 
 

In this paper, we used the currency demand approach in order to obtain a measure of 
the Romanian shadow economy expressed as % of official GDP and we investigate the 
relationship between unemployment rate and the size of the shadow economy using 
ARDL causality analysis. The Romanian shadow economy as % of official GDP is 
estimated using vector error correction models, and its size is decreasing over the 
analyzed period, from 36.5% at the end of 2000 to about 31.5% of real GDP at the middle 
of 2010. 



The dynamic relationship between shadow economy as % of official GDP obtained 
through VECM models and unemployment rate for the case of Romania has been 
investigated using quarterly time series data from 2000-2010.  

To investigate long-run causal linkages and short-run dynamics, ARDL causality tests 
are applied. Cointegration test results shows that in short-run both ILO unemployment 
rate and registered unemployment rate has negative and statistically significant effect on 
shadow economy; however in the long-run both unemployment rates have a positive 
effect on shadow economy.  

The ARDL causality results revealed the existence of a long-run uni-directional 
causality that runs from the both unemployment rates to the shadow economy. 

One possible explanation of the negative impact in the short run can be the the 
inability of the labor market to provide more jobs whether they are official or 'hidden'/ 
unregistered (clandestine in some extent of course) in the event of rising unemployment, 
underlining a limitation of opportunities to work in the informal economy. But on the 
long run, an increase in unemployment leads to an expansion of the activities in the 
shadow economy, underlining a positive impact on the size of the shadow economy. 
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Abstract  
    

Among stakeholders of the European Master in Official Statistics, NSIs assume a 

relevant role both as possible users of the programme and providers of expertise. They 

may differ in organization, staff composition, in-house training capacities and 

relationships with national universities or training institutions, and they could also have 

different opinions and expectations with regard to EMOS.  

 

This paper reports on the results of a survey launched to explore these opinions, looking 

for points of agreement and issues on which opinions are diverging. The aim is to  

make the most of all experiences and to give a tangible contribution to the setting up of 

an effective and successful training program, fit to NSIs needs. 
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1. Background 
 

It is widely recognized that the fast change faced by NSIs - both in terms of increasing 

demand of timely and quality information and due to the onset of competition in data 

production - will ask for a relevant effort in terms of innovation. At the same time, the 

development of the European Union requires “sound, high quality data and statistical 

analysis, on which decisions can be based” (Barroso, 2011). That implies a strong 

investment in training in official statistics, including the development and upgrading of 

National Statistical Institutes’ staff skills and the training of young graduates as potential 

new employees of the European Statistical System. 

 
The European Master in Official Statistics (EMOS) can be part of the answer to these 

needs. The idea of such a program has had a significant incubation period: for some years 

it has been under discussion between Eurostat, some National Statistical Offices (NSIs) 

particularly interested in the issue and Universities/Graduate Schools, alternating slow-

downs and accelerations. The recent decision from Eurostat to include it in the selected 

set of VIPs- Vision Infrastructure Projects – has surely led to an acceleration, also thanks 

to an investment of human and financial resources.  

                                                 
1
 The complete list of countries is in footnote 3.   

mailto:sorvillo@istat.it
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Previous discussions – synthetized in the document presented during the ESSC meeting 

held in February 2012 (Istat, 2012) – showed a general consensus to the project, seen as 

an effective tool to enhance official statistics at the national level and for the EU, even 

though NSIs opinions were not homogeneous at all, and not always corresponding to 

those expressed by Universities involved in this early stage of the discussion.  

 

More recently, Eurostat has given an important contribution to better define the EMOS 

project, specifying the relevance that should be attached, in the European Statistical 

System (ESS) framework, to advanced training for staff members of statistical offices 

and pointing out its intention to play an active role in finding a “workable link between 

advanced training and university degrees” for the ESS (Kofoed et al. 2012). 

 

As the main stakeholder of  such a program is the ESS, and hence the national statistical 

offices part of it, it is crucial to take in due consideration all positions and suggestions 

they express, in order to make the most of all experiences and to set up an effective and 

successful program, actually answering  to NSIs needs. As a matter of fact, European 

NSIs are quite diverse in organization, staff composition, in-house training capacities and 

practice, relationships with national Academia or training institutions, and these 

diversities can also reflect in their expectations with regard to EMOS. This came clearly 

into sight during the previous occasion of gathering of NSIs’ points of view (Istat, 2012).  

 

Following a prompting by the side of Eurostat, a data collection was launched by Istat - 

namely by its newly established Advanced School for statistics and Socio-Economic 

Analyses
2
 – with the aim to get a deeper view about NSIs opinions on EMOS.  

 

 

2. The survey  
 

Building on the results of the first collection of information mentioned above and on 

further reflections developed at Istat in cooperation with national universities (Sorvillo 

and Pratesi, 2012), it seemed well-timed to go further in the process of definition of NSIs 

roles and expectations with regard to EMOS carrying out a survey.  

 

Hence, a questionnaire was prepared where NSIs’ opinions about 3 key areas of EMOS 

were asked:  

 the main targets of the Master (i.e. NSIs’ staff, young graduates, staff in the 

national statistical system,…) according to their relevance; 

 topics to be included in the program, referring to the “hard skills” strictly related 

to statistical methodologies, but also communication and data dissemination 

issues and cross-cutting topics.  A mark from 0 to 10 was asked for each item, to 

quantify the level of importance attached to it;  

                                                 
2
 The Advanced School for Statistics and Socio-economic Analyses was established in 2011 with a twofold objective: 

reinforcing internal training for its staff, and contributing to the improvement of statistical capacities in public 

administration and in the private sector.  
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 organizational features, such as teaching staff composition and teaching 

methodologies, internship, location and duration of the program. 

  

In addition to that, a question about the “added value” of the Master was asked, aiming at 

evaluating which potential benefits EMOS could bring as a new training opportunity.  

 

Some general information about the way training is usually provided was also included, 

to get a concise picture on the main tools applied by each Institute to answer to training 

needs of the organization.  

 

The questionnaire was sent in November 2011 to NSIs part of the ESS, referring to the 

mailing list of the Eurostat Working Group on HRM. A reminder was sent one month 

later, and finally 17 filled questionnaires were received
3
. That represents an important 

share of NSIs, allowing drawing some general conclusions from this exercise. 

 

 

3. NSIs opinions 

 
3.1 Present training arrangements 

 

All NSIs that answered the questionnaire have a service devoted to staff training and 

benefit from internal experts to act as teachers. The ESTP program is widely used to 

provide for training, and all respondents but one resort also to specialized firms or 

consultants. These three modalities can be considered as the basic “tool-kit” of NSIs to 

meet their training needs.  

 

In addition to that, in several countries ad hoc training institutes exist, directly connected 

to the Statistical Office, that of course are able to provide very specific courses, tailored 

to the NSIs needs.  

 

Cooperation with Universities is reported by almost 60% of respondents, more frequently 

local ones but also – especially for smaller countries - universities located abroad. This 

last opportunity is applied by about one third of NSIs. It should be highlighted that the 

recourse to universities seems to be complementary to other training channels rather than 

alternative. 

Since one of the possible uses of EMOS could be to train newly hired staff, a focus on the 

specific current training practice was included in the questionnaire. Generally, NSIs make 

an important effort in terms of training for newly-hired staff, in order to integrate them 

rapidly and effectively in their new job. All respondents provide for a specific training 

session, in most cases including both an overview about practicalities and a specific focus 

on statistical issues. The latter can be a general overview of main methodologies and 

techniques applied in the institute (as is the case for about 65% of respondents)  or a set 

                                                 
3
 The respondents are:  Czech Republic, Finland, France, Germany, Hungary, Ireland, Italy, Lithuania, Luxembourg, 

the Netherlands, Norway, Portugal, Romania, Slovak Republic, Spain, Switzerland, United Kingdom.  
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of specific courses on topics linked to the specific task people is going to be assigned to 

(implemented by 77%).  

 

Some institutes reported also other issues treated during the training of new-comers, 

namely a specific attention to the use of official statistics for policy evaluation, and to 

topics related to their being civil servants and the EU context there are going to work in. 

The introductory training for newly-hired staff sometimes includes also a program of 

mentoring.  

 

The training period can last quite long, up to 2/3 years, and that gives a clear measure of 

the investments NSIs are ready to do in order to ensure that highly qualified professionals 

can be employed in the current process of production of official statistics.  

 

3.2 EMOS potential users  

 

In order to design in the most effective way the  European Master in Official Statistics, it 

is crucial to clarify who are the potential users, first of all considering between young 

graduates (entailing a program in the path of initial education) and staff already employed 

in NSIs or similar organizations (in the track of continuing training).  

The resulting picture is quite complex, as most of NSIs point out composite needs.  

 

 
Source: Istat survey “Overview of NSIs points of view with regard to an European Master in Official Statistics” 
 

Figure 1 -  Rating the possible targets of the EMOS program 
 

Results show that the focus should be mainly on NSI’s staff, either managers, senior 

researchers, newly hired staff or junior statisticians, with a clear preference for the latter. 

In fact, 15 out of the 17 respondents think that EMOS should serve junior statisticians 

working at NSI, and more than 50% consider it the most important target for the 

program.  
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Young graduates still in their initial education are also quite high in the ranking, just after 

junior statisticians (with 76% of NSIs mentioning it, 47% with the highest mark)
4
. 

 

Among the other categories proposed in the questionnaire, statisticians employed in other 

bodies of the National Statistical System are considered possible users of EMOS by about 

half of the respondents, but generally with low priority. As for staff working in the Public 

Administration and people employed in other sectors, few respondents think they should 

be explicitly taken into account, and only as a secondary target of the program.  

 

Considering the two top-ranking items (junior statisticians and young graduates) it is 

clear that the overall opinion is that EMOS should mainly serve the purpose of training 

young people, but there is not general consensus about the alternative between initial 

education and continuing training.  

  

3.3 Topics to be included in EMOS 

 

A selected list of topics, potentially useful to staff working in a complex organization 

such as a National Statistical Office, was proposed to respondents asking them to rate 

each item with a mark ranging from 0 -  for those topics considered completely 

unimportant -  to 10 - for the essential ones.  

 

The two topics “Survey techniques” and “Statistical use of registers and administrative 

data” are by far the highest in ranking, with average mark above 9/10. They cover the two 

main branches of a NSI’s production activities, and therefore are considered almost 

unanimously an essential requirement for a training program in official statistics.  

 

Right after these, some other “hard skills” can be found, namely “Advanced statistical 

methodologies” and “Quantitative methods for social sciences”, both rating above 8/10.  

Slightly less interesting is considered “Demographic methods”, just below the first group 

with a rating equal to 7.6. Quite surprisingly, the third sectorial topic proposed, namely 

“Econometrics”, scores the lowest in the group of “hard skills”, with less than 7/10. Two 

possible explanations can be suggested: either a very good preparation in this topic is 

generally already provided by universities, hence further training is not considered 

interesting in the framework of EMOS, or this kind of methods are not included in the 

training needs of many NSIs.  

 

Quite high in the ranking stands the topic “Best practices and innovative procedures 

applied by NSIs in specific sectors”, clearly showing how relevant NSIs rate their 

specific expertise, either developed in-house or at another NSI, as an asset worth to be 

shared and disseminated.  

 

Considering the European spirit that should inform EMOS, a high ranking for 

international issues could be expected. This is the case for “The European Statistical 

System and code of practice”, actually rated 8 or higher by almost 60% of the 

                                                 
4
 Another possibility highlighted by respondents is to address EMOS to post-doctorates students and 

researchers with interest in official statistics.  
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respondents. It should be pointed out, anyway, that 4 out of 17 give to it only a 5 mark: 

apparently the need to master ESS mechanisms and rules is not yet fully shared by all 

NSIs. The topic “International classifications” is considered much less interesting, with 

an average score of 6.6 resulting from an equal distribution of respondents among those 

who consider it quite important (about one third assigns a mark 8 and over), those who 

have just a mild interest (6 or 7) or consider it negligible (marks 5 or less).  

 

Table 1 – Rating selected topics (average mark and % of high marks) 

Topics Average mark 
% of high marks  

(8 to 10) 

Survey techniques 9.4 94.1 

Statistical use of registers and administrative data 9.1 82.4 

Quantitative methods for social sciences 8.3 82.4 

Advanced statistical methodologies  8.1 64.7 

Demographic methods 7.6 58.8 

Econometrics 6.8 47.1 

Best practices and innovative procedures applied by NSIs  8.2 70.6 

The European statistical system, the code of practice  8.0 58.8 

International classifications 6.6 35.3 

Quality management  7.1 47.1 

Tools to engineer the process of data production 6.5 35.3 

Project management 5.8 35.3 

Technologies for data dissemination 6.5 29.4 

Open data and the web for official  statistics 5.6 5.9 

Communication  tools 4.8 11.8 

The process of evidence based decision making  5.8 29.4 

Methodologies for learning organizations 3.9 5.9 

Team work and conflict handling  3.8 5.9 

Learning to learn strategies 3.9 5.9 

Source: Istat survey “Overview of NSIs points of view with regard to an European Master in Official Statistics” 

 

Moving to subjects linked to the production process, the topic “Quality management” has 

an average rating of about 7.1. The opinion about the relevance of this issue is 

significantly differentiated as almost half of NSIs rate it important, but some respondents 

give to it very low marks, signaling a marked lack of interest. Not homogeneous opinions 

are expressed also with respect to the subjects “Project management” and “Tools to 

engineer the process of data production”, ranging around 6/10.  

 

Issues related to dissemination and communication are not high in the average rating. 

Only “Technologies for data dissemination” is considered sufficiently interesting, 

whereas the others (Open data and the web for official statistics, Communication tools) 

score respectively 5.6 and a quite low 4.8.  
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Cross-cutting topics are generally considered less important and stand in the lowest part 

of the ranking: this is the case of “The process of evidence based decision making” (still 

close to 6/10) and of more general issues such as “Methodologies for learning 

organizations”, “Learning to learn strategies”, “Team work and conflict handling”, all 

around an average mark lower than 4/10, hence definitely rated as almost negligible by 

most NSIs
5
.  

 

The overall picture shows that for some key topics the agreement is wide and clear, and 

they could be definitely considered essential in the development of a program as EMOS. 

Opinions diverge significantly when coming to cross-cutting subjects and topics less 

directly related to the production of official statistics stricto sensu. Further discussions 

about the ideal set of core competencies of staff working in NSIs – and how to reach it - 

could be fruitful. It could be based on the thinking on the European Competence profile 

already started within the Task Force commissioned by Eurostat and ESSC to develop a 

sustainable long-term strategy on learning and development in the ESS (Miles et al., 

2010). In addition to that, interesting suggestions can be drawn from national documents 

about NSI’s needs, where more details about topics to include in the training of an 

official statistician can be found (see, for example, de Waal, 2010).  The aim should be to 

get to an agreement about the contents of the EMOS program, discerning between key 

topics and those that can be considered complementary or optional. 

 

3.3 Organizational features 

 

NSIs were asked to choose the organizational set-up that they consider the most effective 

for EMOS. The answer to the first of this set of questions, regarding the composition of 

the future EMOS teaching body, is almost unanimous: the best solution for all the 

respondents except one would be to engage both academics and NSIs experts. Hence,   

NSIs expect to be involved not only in the process of contents definition but also to 

contribute to a part of teaching with their experts.   

 

Eurostat also should play an important role: it is suggested in one of the questionnaire 

that also its experts can be teachers in EMOS, and half of the answers indicate it would 

be the right location for internships. Several NSIs seem ready to host interns, while other 

possible solutions (such as other organizations in the statistical system - either in the 

country or abroad) are not considered particularly fit for the purpose.  

 

There is full agreement on the fact that internship should be part of EMOS, and its length 

should not exceed 6 months. About the best duration, NSIs opinions are split in 2: half 

are in favor of internships limited in time (1 to 3 months long); half consider more 

appropriate 4 to 6 months duration. Opinions slightly differ depending on the main target 

considered for EMOS, as NSIs thinking about a program mainly designed for their staff 

tend to prefer a shorter duration.  

                                                 
5
 Further proposals suggested by respondents are about statistical software, such as SAS, SPSS, R and STATA, but 

also topics regarding legal issues and collaboration with external partners. 
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Table 2 – Suggested organizational features (%)  

Program 

Teaching % Methodology % 

Academics only 5.9 Face to face lessons 16.7 

Both academics and  NSIs experts 94.1 Web-based 0.0 

Location  Blended (e-learning+ face to face teaching) 83.3 

Distance courses 5.6 Program duration  

At a university in your country 5.6 Less than one year (less than 60 credits) 17.6 

Mainly at a local university with  short 

periods abroad 
72.2 

One year long (around 60 credits) 
41.2 

Mostly/completely abroad 16.7 Two years  long (around 120 credits) 41.2 

Internship 

Duration % Location % 

No Internship 0.0 At the National Statistical Office 33.3 

1 to 3 months long 50.0 At another body of the National Statistical System 0.0 

4 to 6 months long 50.0 At Eurostat 50.0 

Longer than 6 months 0.0 At another Institute part of the ESS (abroad) 16.7 

Source: Istat survey “Overview of NSIs points of view with regard to an European Master in Official Statistics” 

 

Another opinion shared by the large majority of respondents (83% of answers) is the 

choice of a blended approach, combining face-to-face lessons and e-learning sessions. 

Classes in presence should be realized mainly at local universities, with short periods 

abroad, according to 72% of respondents. The alternative proposal envisaging most or all 

of the courses organized abroad, more markedly international, was chosen by about 17%, 

whereas the local solution (all the courses at a local university) was considered the best 

only by one NSI.  

 

As for the overall length of the program, the majority of NSIS are in favor of a program 

lasting at least one year, but there is no consensus on the best duration, as opinions are 

equally distributed between one and two years.  

 

3.4 The “added value” of EMOS 

 

The survey confirms that the establishment of a program such as EMOS is considered by 

NSIs positive for their development: none of the respondents has chosen the item “No 

benefits” when asked for the added value possibly brought in by the master. Even if 

expected, this result supports the validity of the project as a whole.   

 

Among the items proposed as possible benefits, the one marked as “very important” in 

the majority of answers is “A possibility to train the staff in the most innovative 

procedures developed at European level”. The second place is taken by another issue 

related to the international characteristic of EMOS, namely the possibility to give a 
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European standing to NSI staff. Hence, EMOS is considered very useful mainly because 

of its European spirit, serving as a tool to upgrade NSI’s staff competencies beyond 

national borders and to acquire a deeper knowledge of the ESS.  

 
 

0 5 10 15 20 25 30 35 40 45

Possibility to train staff in the most innovative procedures

developed in Europe

Giving an European standing  to NSI’s staff 

Hiring already  skilled people

Possibility of networking

Answering not-fulfilled training needs

Hosting motivated young graduates as trainees

Opportunity for NSIs experts to have an experience as teacher

%  of marks "highly relevant"

 
Source: Istat survey “Overview of NSIs points of view with regard to an European Master in Official Statistics” 
 

Figure 2 - Benefits attached to EMOS (%) 

 

The possibility to hire already skilled people, that could enter the labour market shortly 

after the establishment of EMOS, is considered very important in 20% of the cases, 

especially by those NSIs that consider EMOS mainly as a program for young graduates.  

 

The other benefits proposed, referring to different functions of EMOS such as a tool to 

establish networks, a program to answer not fulfilled training needs or a way to create a 

link with young graduates during their internship, are not considered very relevant. The 

last item proposed, regarding a possible benefit for the experts acting as teachers, is not in 

the group of the most important, having been mentioned by few respondents only as a 

secondary benefit.  

 

 

4. Conclusions 

 
There is general agreement among NSIs that answered to the survey about several points. 

First of all, they acknowledge that a program in Official Statistics with an European 

spirit, such as the one envisaged by EMOS, would be beneficial for their activities, 

especially insofar it would offer a possibility to train the staff in the most innovative 

procedures developed at European level. Hence, NSIs could consider giving support in 

realizing the program, either hosting interns and providing for a part of the teaching 

activities through their experts. Such a strong involvement of NSIs is already in the 
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pipeline of the Eurostat project, first of all with the establishment of the Task force on 

EMOS.  

 

The cooperation with Universities is also straightforward, consistently with the nature of 

EMOS and with several NSIs’ current practice, since they already collaborate with 

universities and advanced schools in statistics for training their staff. The main issues 

would be to find the balance when enlarging this cooperation to universities located 

abroad and with respect to organizational and  financial issues, also considering that NSIs 

would generally be in favor of a program with a blended approach, implying face-to-face 

training sessions and e-learning.  

 

Other issues related to the master would require further discussion. Firstly, the choice of 

topics that should be included in the program, as the survey results show that the 

perception of what is at the core of the job of official statisticians may differ among NSIs. 

Also the way this program should integrate the academic offer with the needs of 

continuing vocational training expressed by several NSIs will require more in-depth 

analysis. The feasibility study commissioned by Eurostat could give the opportunity to 

widen the reflection on these topics, including some other issues such as program 

duration and internships’ organization.  

 

The road map outlined by Eurostat suggests that in the next three to four years the first 

generation of EMOS graduates could be ready. Before that, a strong planning effort is to 

be given by all stakeholders to design and implement the program, so that it can fully 

deploy its potential as a new  and effective  training opportunity for NSIs – and for the 

ESS as a whole - to improve their staff competencies  and better fulfill their mission as 

providers of official statistics for the national and European development. 
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1. Genesis of the EMOS project: 
 

The general idea of a European Master in Official Statistics (EMOS) has been presented 
for the first time at the FOURTH MEETING OF THE TASK FORCE EUROPEAN STATISTICAL 

TRAINING PROGRAMME (ESTP) held in Madrid, 24-25 April 2008. In this meeting France 
presented a paper on its experiences with the Master Studies in Official Statistics.  The 
UK presented the Master in Science (MSc) run jointly by the ONS (UK Office for 
National Statistics) and the University of Southampton.  Eurostat also presented the pilot 
on a scientific cooperation that was starting with the University of Trier.   The Task Force 
welcomed this exchange of good practice.  It was agreed to collect information on 
programmes of this nature and to make them available to the European statistical System.  
But it was decided that a further discussion on a European Master has been postponed to a 
later stage of the development of the European Statistical System-Learning and 
Development Framework (ESS-LDF). 

The next developments of this initial exchanges and presentation are recalled in the 
companion paper by Markus Zwick in this session. I point here the important meeting for 
EMOS that has been the workshop hosted by the University of Southampton and sponsored 
by Eurostat in June 2010. Over two days, Universities and NSI from more than 20 European 
countries discussed the common structure for a Master. More recently EMOS has been 
presented and promoted at the UNECE Workshop on Human Resources Management and 
Training held in Budapest, September 2012. 
 
 

2. The 2012 Call for Tender: Towards a European Master in Official 
Statistics 

In April 2012 Eurostat propose an invitation to tender for the supply of a feasibility study 
related to the setup of a European Master Programme in Official Statistics… This study is 
funded within the project EMOS – European Master in Official Statistics, selected by Eurostat 
as a Vision Infrastructure Project for the year 2012. Four main outcomes are expected: 

 
  - Enhance the current academic offer of Master programmes in official statistics 
within the EU and adapt the curriculum to the changing professional needs of different 
statistical authorities; 



 
- Reinforce the network of professional statisticians at international level and establish 

/reinforce cooperation between the academia and the ESS; 
 

- A shared vision in methodology, organisation, management and assessment of the 
production of European statistics, involving the academia and the ESS as teaching parties in 
EMOS; 
 

- A repository of young statisticians and training facilities in the Member States. 

 
The aim of the study requested by Eurostat is to provide the main stakeholders, 

interested in the EMOS project, with the information needed to take appropriate decisions 
with regard to establishing a European Master in Official Statistics, setting up a European 
Network of providers for such programmes and labelling these Masters at European level. 

The objectives of the study are the following: 
 

- To provide an inventory of the Master programmes in statistics and their providers in 
the countries selected for analysis; 

- To analyse the existing and potential Master programmes in official statistics, and 
identify whether they are suitable for joining a future European network of Masters in 
official statistics. 

- To assess the interest of the providers and their capacity to join the EMOS Network, 
including their vision for the future network and the administrative and technical 
barriers; on the basis of a questionnaire agreed by Eurostat; 

- To assess the interest of the NSIs to participate in and to support the development of a 
European network of the Master programmes in Official Statistics; 

- To analyse the advantages/disadvantages, the cost-benefits and technicalities of having 
labelling mechanisms and the role and implication of this on the NSIs and Eurostat; 

- To propose a road map for the EMOS project. 

3. The ICON-GENES proposal 

The response to the tender has been based on a proposal by ICON‐INSTITUT in consortium 
with GENES. ICON is a consulting group with services in training, coaching and human 
resources development. GENES is a French “grand établissement public” composed by two 
“grandes écoles”, the ENSAE and the ENSAI, a research center the Crest and a continuous 
training center the CEPE.  

 
The main organization for understanding the conditions for success of the EMOS project as 
proposed by ICON-GENES is: 

 
3.1. A collection of data and expectations! 
 

3.1.1. Interests of both parties 
 
European and national statistical systems on one side and universities and academics on the 
other side. The EMOS programme or system must be an advantage to existing organizations. 



Thus a network and a labelling system! The feasibility study must be based upon an analysis 
of the existing masters possibly of interest for official statistics: 
 

- An initial contact with the 36 NSIs for a list of national recommended 
trainings. 

- A first opinion about the willingness to participate in the EMOS network on 
the basis of a descriptive proposal to be amended. 

- A comparison between the recommended trainings and the general data bases 
of masters in statistics (OECD, UNESCO …). 

 
3.1.2 An inventory of concerned Masters through a questionnaire 
  

Detection of key informants from the Academic side. 
 

3.1.3. Interviews of the key informants  
 

- Interest for EMOS,  
- Capacity to join,  
- Potential barriers,  
- Expectations... 

 
3.2. A sub sample of countries for deeper understanding. 
 
A sample of 10 countries will be selected in order to obtain specific and informal information 
from NSI and concerned universities, principle subjects: 
 

- Main features of the human resources organization of NSI’s and possible 
satellite statistical agencies. 

- Conceptions of the effective or required competencies of national official 
statisticians 

- Opinions and reactions to a possible future EMOS network and labelling 
process. 

 
3.3. The labelling process. 
 
Labelling is often considered as a way to shift a training system dominated by providers 
interests towards a more “user-led” one, i.e corresponding to the needs of the future 
employers (here NSIs and Eurostat). The quantitative survey and discussions with official will 
confirm or infirm these needs.  
 
Among weaknesses, the main concern may be the question of costs of setting up a labeling 
process. A viable accreditation system may be dramatically costly, time-consuming and slow 
both for European institutions and for providers.  
 
Discussions with accreditation bodies in higher educational domain are of first importance. 
The ISO standards (for accreditation of training centers for example) could be a very 
instructive example and the example of EQUIS the accreditation system for MBA and 
business schools is a clear reference. But any example from the various European countries is 
to be considered and analyzed. 



 
 3.4. The methodology 
 
Collecting information for this feasibility study rests upon a “quantitative survey” with open 
questions and a “qualitative session”. 
 
.. 
 

3.4.1 A quantitative survey:  
 

The methodology to be used to collect data will be based on  
 

- A literature review of all existing works in this field.  
 

- The data contain in the database got from Eurostat (UIS UNESCO Institute of 
Statistics/OECD/Eurostat (UOE) survey on higher education).  

 
- A complementary search via “search engine” based on key words such as “survey 

methodology”, “official statistics”, “master in statistics”, “econometrics”, “social 
sciences”… 

 

The “Quantitative” questionnaire is based on the preliminary form hereafter and documents 
on the aim of the EMOS project for the respondents. A complete and operational version will 
be presented at the NTTS session; the internet questionnaire is build with “LimeSurvey”. 





 
This questionnaire will collect the names and addresses of the key persons able to give 
deep information on the Masters and on its general orientation. 

 

3.4.2 A qualitative session  
 
A team of ten experts will participate in this second phase. The first step of data collection 
will lead to a guide of interviews. The aim is to discuss important questions such as: 
 

- Interest for EMOS project, 
- Capacities to join, 
- Potential barriers, 
- Expectations and suggestions. 

 
 

3.4.2.1 A country Analysis 
 

Each expert of the expert group will be in charge of 3 to 4 countries (including 1 country to 
visit). For each of the 36 studied countries, gathering the collected information in the Web 
survey and the face to face interviews, he/she will summarize in a memorandum the following 
elements: 

- Summary of the main features of the human resources organization of NSI’s and 
possible satellite statistical agencies. 

- Summary of underpinning conceptions of the effective or required competencies of 
national official statisticians 

- Summary initial opinions and reactions of responsible persons (from Universities and 
NSI’s) to a possible future EMOS network and labelling process. 

 
3.5… And last but not least… the 5th step will lead to the 

 
Design of the EMOS project 

 
Using the result of the two previous activities, a design of the project EMOS will be proposed 
describing: 
 

- Objectives of the project, 
- Expected results, 
- Content and specifications, 
- Cost and financing system, 
- Roadmap for implementing the project. 

 
_________________________ 
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Abstract  

This paper aims to illustrate methodological tools and solution adopted in managing data 
integration issues to in order to achieve a consistent data base by providing an application 
to the case of the Italian Structure of Earnings Survey (SES). The peculiarity of the data 
to be released brought about a very complex survey, due to coverage (B to S, both public 
and private sectors), the levels of information required (enterprises, local units and 
employees) and the required outcome (microdata). The overall flow of the new survey 
process is represented reporting for each stage the best practices and the first set of 
quality indicators, in an integrated E&I process and final data validation and publication 
is pointed out in this paper, as well as the purpose to transform an experiment on using 
integration of administrative data with archives from surveys into a permanent tool. 
 
 
Keywords: web questionnaire, administrative data 



1. Introduction 

The European Union Structure of Earnings Survey (SES) represents EU-wide 
harmonized structural data on labor market in accordance with Council Regulation n° 
530/1999. The objective of this legislation is to provide accurate and harmonized data on 
earnings in EU Member States and non EU countries for policy-making and research 
purposes. The final aim is to collect micro data on a representative sample of the universe 
of employees, in order to gather information and analyze cross countries differentials of 
wages and earnings. 
 
The peculiarity of the data to be released brought about a very complex survey. In fact, 
EC Regulation required the provision of detailed micro data on the relationship between 
the level of remuneration, individual characteristics of employees and their employer. 
Subsequently, EC Regulation imposes not only the production of statistic estimates 
(EUROSTAT Gender Pay Gap) but also the production and the release of bases of micro 
data. On the one hand, data peculiarity was due to the width of field of observation 
(NACE B-S), that is comprises large classes of economic activities in terms of surveyed 
units and persons employed, including the Public sector (i.e. Education). On the other 
hand, the complexity of data required is twofold: at the enterprise level (in terms of 
number of local units, number of persons employed, hours paid and hours worked, wages 
and social contributions paid) and the employees level (sex, age, occupation, education, 
full time/part time, mean monthly gross earnings in the reference month, mean annual 
gross earnings, number of hours paid includes all normal and overtime hours worked). As 
a consequence of nature of the Structure of Earnings Survey, the collection of data has 
been very difficult, both for the respondents and for the Institute. 
 
The aim of this work is to illustrate methodological tools crucial in managing data 
integration issues to in order to achieve a consistent data base by providing an application 
to the case of the Italian Structure of Earnings Survey. The overall flow of the new 
survey process, reporting for each stage the best practices and the first set of quality 
indicators, in an integrated E&I process and final data validation and publication is 
pointed out in this paper. Re-engineering the survey conducted in 2010 involved the 
introduction of new collection procedures and intensive use of administrative data in 
order to produce the data within time and budget constraints. Alternative strategies have 
been considered for the process, to take into account the information available from 
different sources. Finally a starting frame was chosen in order to exploit administrative 
data and survey data in a coherent way. 
 
According to available sources, different survey techniques have been utilized with 
respect to units included in the field of observation1. In order to realize an integrated and 

                                                 
1 They are summarized below: 
� units of the Private sector - Direct survey, 770 Form tax register and INPS Emens data; 
� units of the Public sector (excluded the economic activity of Education) - Direct survey, 770 Form tax 

register; 



consistent data base, a great effort has been the utilization and integration of different 
statistical techniques and ICT developments and infrastructures. Such integration has 
resulted in three main results and this paper, which aims to describe the overall process, 
is organized as follows. Section 2 provides an overview of the direct survey and the 
overall process of data collection (focusing especially on the implementation of the 
online survey through a web questionnaire as a support to direct survey, in order to 
ensure qualitative and quantitative improvement of collected information, for instance in 
terms of respondent units). 
 
The sections 3 and 4 describe the use of administrative data according to specific estimate 
domains: the second section focuses on the use of administrative data sources to define 
the samples of employers and employees belonging to the public Education sector, 
realized through the integration of statistical archives provided by LFS and EU-SILC as 
well as cross linking techniques; the third one pinpoints above the total and partial non 
respondent units imputation by utilizing Social Security data (EMENS INPS data). Total 
imputation was carried out for estimates of critical strata, being totally non respondent. 
 
The Section 5 highlights the problems in managing consistency issues in data base 
creation and the methodology developed. Finally, an integrated and consistent base of 
micro data on enterprises and employees was created, hence ensuring diffusion of 
EUROSTAT Gender Pay Gap statistics and the release of micro data to be utilized for 
policy making and scientific purposes. 

2. Direct survey 

The integration of different design and different modes makes the process to be a mixture 
of different decision at every stage of the process. In order to organize the entire flow in 
an integrated way, a new process has been implemented with a computer-based tool at 
every step of the data capturing, data validating, data estimation and integration. The 
amount of data is huge and the quality needs to be validated at microdata level, thus the 
computer-based tools are used in several stages of the data management process. The 
questionnaire is designed to be the similar as much as possible in the web and in the 
paper form, it is organized in two section dedicated, respectively, to the enterprise as 
whole and to the sample of employees. 
The three modes have been contemplated to deliver the data: a. web questionnaire, on 
which a scheme of edits is developed, in order to validate at the source of the data; b. an 
ad hoc file to be uploaded directly to the DB; c. paper questionnaire, to be self complied 
by the units; obviously it has not any controls on it. In this regards, it is interesting aspect 
is to analyze whether the specific behavior in choosing the mode of gathering data 
depends on the size class of the units. It is possible to say that the percentage of paper 
questionnaire is quite constant along the several classes. On the other side, the number of 
requested upload file is related to the size class, resulting in increasing as the size class 

                                                                                                                                                 
� units of the Public sector belonging to the economic activity of Education - integration of 

administrative data (770 Form tax register) and statistical archives (Labour Force Survey and EU-
SILC Panel Survey). 



increases. As expected, these results can be viewed as the opposite mode against the web 
questionnaire, for which the percentage decreases as the former one increases. 
The questionnaire has been designed by the survey managers, who customized 
completely the questionnaire: the layout, the sequence of the questions and the way how 
they are presented have been properly studied according to the characteristics of the 
variable. The rationale that has strongly motivated this change is the possibility to 
introduce interactive edits on the web questionnaire, defining different types of errors: a. 
red: at least one mandatory variable is missing and/or at least one hard edit is not 
satisfied, in this case a correction is compulsory; b. orange: all mandatory variables are 
complete, hard edits satisfied, at least one soft edit is not satisfied, in this case a 
confirmation of the data an explanation is required, no change of the starting data is 
compulsory. 
As first measure of efficiency of data capturing via web can be considered the time, in 
number of days, used for definitely compiling the questionnaire, it can be considered to 
be a good results that about the 3.3 per cent of the total has implied only one day for 
completely delivering the questionnaire and that the 49.0 per cent has finished it in one 
month time.  
Finally, some indicators on the web questionnaire have been calculated, to evaluate the 
quality of delivered raw data. First of all, among the questionnaire defined to be still at 
work it is necessary to verify whether they are properly compiled in order to consider 
them as response (even if partially compiled). In this view, 620 out of more than 1200 
questionnaire have the minimum of modules gathered (at least one).  
As final result, even though it is not enough to reach the unit to convince it to compile 
completely or at least in the most of the mandatory parts of the questionnaire (i.e. in this 
case the employee modules), indeed most of the at work questionnaire has to be 
considered as non-response because of the lack of the modules. Anyway, on the total of 
records to be considered as answers about the 90.0 per cent to be completely and 
correctly delivered to the final outcome (the number of delivered questionnaires related to 
the total of answers). This is a good result, because every step taken afterwards (as the 
E&I process) depends strongly on the quality of the response record’s characteristics.  

3. Public sector in SES 2010 

In this section we described the statistical and methodological steps to define the samples 
of employers and employees in public Education sector. In this context, there is not any 
single archive gathering all the mandatory SES variables. This implies to collect, 
harmonize and integrate more than one archive from very heterogeneous sources (e.g. 
size, structure, and reference period); in particular, we considered administrative registers 
and statistical archives. The integration cannot be straightforward because the statistical 
units and/or the key variables are not always the same in all the available sources. All the 
data sets considered can be classified as Administrative registers (AR) or Statistical 
archives (SA) and this project mainly considers two administrative sources: the 770 Form 
tax register (770 Form) of the Italian Revenue Agency and the Payroll data sets by of the 
Italian Ministry of Education, Universities and Research (MIUR). Furthermore, all these 
data sets were integrated with those ones coming from two important surveys in Italy: the 
official Labour Force Survey (LFS) and EU-SILC Panel Survey (EU-SILC). The 
integration of different and not homogeneous data sets implies a Record Linkage problem 



(RL). A combination of administrative data for extrapolation supported by regular 
benchmark surveys or low-frequency surveys would be a strategy for reducing the 
response burden and costs. 
Another interesting statistical problem is related to the local unit classification; in other 
words, if SES considers only local units (subsets of schools) having more than ten 
employees, we need to introduce a clustering algorithm on the school list to create a 
partition of this list. Each element in partition is a local unit for SES having more or less 
than ten employees. We defined an oriented graph (Golumbic, 2004-2005) having the 
school list as the vertex set; can be shown that some structural properties of this graph, 
e.g. connected components, are strongly linked to the local units. This graph has 39,923 
vertices and 24,031 edges with 11,892 connected components; there are 3,126 singletons, 
i.e. single vertex components, while the biggest local unit has 21 vertices. Some formal 
results give us an automatic tool to classify these clusters as bad/good local units, and we 
can introduce some optimization problems to get the “best” fix for the bad local units, if 
any. At the end of this process we get 512 local units having less than 10 employees 
(outside the scope in SES) and 11,380 above this threshold. 

4. Imputation using Social Security administrative data (INPS Emens 
data) 

In statistics, imputation is the process of replacing missing or abnormal data with 
substituted values. It is the most common approach in Official Statistics to compensate 
for missing or invalid values. It is used to obtain complete and consistent sets of 
microdata in sample surveys and represent a way to avoid listwise deletion of cases 
related with missing values. Several methods are available to imputing data and missing 
one are replaced with probable value based on other available information. In SES 
consistent information from Social Security (INPS Emens data) was used to integrate 
both total and partial non-respondent units. The availability of these microdata (offered at 
the individual level for each employee and, by aggregation, at the enterprise level), 
proceeds from regulatory requirements introduced by Law no. 326/2003. Starting from 
January 2005, all the withholding agents2 make the deduction at source on the received 
employee’s remuneration and salaries, have to transmit monthly to the Social Security 
institutions the gross pay data and other information for all the people they employed. 
The main benefit of this change is represented by a continuous updating of workers 
archive in a relatively short time for all enterprises subject to Social Security 
contributions. As a consequence, a large number of variables become available, most of 
them useful in survey estimation, directly using the raw data or elaborating them in a 
coherent way with EUROSTAT definitions. 
So the process implies two steps: 
� correction of any internal incongruities (control and correction of data); 
� data processing to adapt the raw information with the survey purposes (despite not all 

information is inferable from the INPS data). 

                                                 
2 The subject (employer, pension fund, etc.) that by law replaces the taxpayer (substituted), wholly or in 
part, in his relations with the Tax Administration, by withholding the taxes owed pensions or other incomes 
paid, and subsequently paying them to the State. 



The outcome achieved are two data set which contains both mandatory/optional variables 
contain relevant information at the enterprises level (and its local units), as well as 
individual level. Then these data set are used both for total and partial imputation. 
 
Total imputation concern no respondents units allocated in critical study domains, that is, 
empty domains which would collapse for total absence of respondents. First of all, 
enterprises was reconstructed by aggregation of individual data. Then information on 
their local units is generated and a comprehensive data set of employees is created by 
simple sampling from all employees of reconstructed firms. Finally, 272 enterprises was 
reconstructed with 7.180 related employees according to EUROSTAT definitions. 
 
Partial imputation regarded missing or abnormal data related to respondents units from 
direct survey. Solving a record linkage problem, the reconstruction of a unique record of 
data was allowed. When all the information collected from different data sources 
regarding the same respondent was available in an integrated record, administrative 
variables was used to replace missing or abnormal data in observed ones, whether a 
measurement errors was detected. 

5. Consistency issues in managing different sources 

Retrieving data from several, different sources implies a great effort in harmonizing the 
information in order to obtain an integrated and consistent data base. Harmonizing 
process required several steps, robust methodologies requirements and a great theoretical 
knowledge of the topic. The harmonization process is implemented throughout ex-ante 
and ex-post strategies, enhancing comparability as harmonization is addressed from the 
planning stage of each subpopulation collected, until the end of the process when an 
integrated data file is created using the outcome of each production process. As a 
consequence of external constraints (actual resources, level of precision needed) and 
internal necessity (in Official Statistics, produce complete and consistent sets of 
microdata is mandatory), all harmonization efforts will require some combination of two 
strategies. Not all research will be able to follow (or necessitate) the same procedures, so 
it is important to decide which methods are better, given the budget constraint, survey 
process structure and the required level of precision. 
 
Theoretical knowledge represent the basic prerequisite in survey planning. Ex-ante 
harmonization is performed through standardization of definitions (i.e. population, 
concepts, variables), indicators, classifications according with survey definitions and 
purposes (i.e. such in Social Security data case), as well as in the development of 
common goals and understanding of concepts for each subpopulations of the sample. 
 
Despite great efforts in survey planning, some consideration regarding harmonization has 
not been given by data collectors, so a data editing is needed to create comparable 
variables or statistics among the subpopulation of the sample in several steps: 
1. procedures used to create and define harmonized variables (i.e. recoding, combining, 

or collapsing variables, estimation techniques etc.); 
2. use of auxiliary information; 
3. partial/total imputation; 



4. sample weights and non-response adjustments. 
 
Mix of theoretical knowledge, methodological abilities and informatics skills is required 
to successfully accomplish the ex-post strategy steps managing large data sets. The 
achievement of ex-post strategy demands a huge work in create, coordinate and 
monitoring a team with all the key competences required. Considerable efforts were 
made in each steps. In step 1 both classificatory and computation problems was resolved 
and most common problems included the re-elaboration of concepts heavily affected by 
specific contexts, especially for administrative data (recoding variable or scales of 
measurement or classification, estimating variables etc.). Solutions to these kind of 
problems were found through ad hoc decisions implemented with massive data 
manipulation using oracle databases or SAS procedures. 
 
Step 2 regards the use of auxiliary information to optimize processes or estimations. For 
example, for Private Sector 770 Form tax register information was used in order to obtain 
a balanced sample of employees for big firms. 
 
Step 3 concerns the integrated E&I process and validating the final data. The overall 
process is represented in Figure 1. 
 
Figure 1 - Logical order of E&I process in Structure of Earnings Survey 

 
Source: Functional description of the BANFF system for edit and imputation 



 
Once again, theoretical knowledge represent the basic condition to carry out a 
preliminary analysis, define a framework of coherent relationships between the variables 
and set the determinist rules. So unacceptable values were defined and first outliers 
detection was performed. A second step of outliers detection was achieved using the 
Selemix package in R, in order to detect influent outliers on estimations3. Once outliers 
detection ends, both with deterministic and statistics methods, a further phase starts. After 
Several efforts are made to check for data reliability: 
� further analysis were carried out on each critical variable (legal and regulatory aspects, 

definitions, classifications etc.) to evaluate “strange” values and the admitted 
relationships between the variables, ensuring a carefully treatment of outlying values; 

� recall of respondents, where it is possible, to verify for measurement errors. 
The purpose is to perform minimum changes, only altering wrong data related with 
measurement errors (incorrect data or incorrect procedures of data collection) and 
preserve data points that not conforms to the trend, but are reliable. 
 
When errors are localized among the outliers, a first deterministic imputation are 
performed changing wrong or missing values where possible, also using information 
from other sources when available for affected records (i.e. Social Security data). Partial 
imputation was made in order to preserve the right relationship among variables. 
After the deterministic step, a donor imputation is performed. Donor Imputation is the 
preferred method of imputation for many applications, because all fields requiring 
imputation are taken from the same donor record and relationships between the imputed 
variables are therefore retained. To integrate partial/total qualitative values (i.e. level of 
education or occupation) a probabilistic technique was implemented using RIDA 
(Ricostruzione Informazioni con Donatore Automatica), a software developed by ISTAT. 
For quantitative variables, Banff was used, a statistic tool running under SAS 
environment developed by Statistics Canada, based on a geometrical method which 
imputes all required fields of an individual record by transferring the corresponding 
values from the nearest neighbour record. 
 
Finally, step 4 regards sample weights and non-response adjustments; these step was a 
very difficult task in SES survey, because the presence of multiple registers (with 
different reliability) according with Table 1. Furthermore the presence of different levels 
of analysis in SES, implied the calculation of three system of weights related to 

                                                 
3 Outlying observation (and their treatment) have a great importance in statistics. Indeed outliers refer to 
values which are so different from the other values of the same variables, they can be considered to be in 
error and should be cancelled or imputed in a later procedure. Nevertheless, outliers may be indicative of 
measurement errors (incorrect data or incorrect procedures of data collection) or may indicate for 
experimental areas where theories might not be valid (that is, cases in which outliers may be as valid). As a 
consequence, the outliers detection step is a necessary condition in error location, but not a sufficient one: 
outlying observation may occur merely because that particular subject but unusual in some way (or 
unexplained by theory used by researchers). It must be pointed out that “strange” data should not be 
imputed to support the original hypothesis. This is an unfair reflection of the data and the results are not 
reliable or truthful. “Strange” data are not less valid than one which conforms to the trend (or to the theory) 
and than the elimination/changing of any information may be considered disadvantageous, depending on 
the importance and sensitiveness of the research subject and findings. 



enterprises, local units and employees: data have to be weighted to correctly represent all 
these population, correcting, at same time, for non-response bias. 
 
Table 1 - Structure of Earnings Survey: sources, registers, sectors 

SOURCES / 
REGISTERS 

ASIA - business register 
(firms/local units) 

S13 - Istat annual list of 
public institution 

Education -list of 
administrative local unit 

Direct survey Private Sector 
Public Sector  excl. 

Education sector  

770 Form tax register Private Sector 
 

Public Sector  (economic 
activity of Education) 

Social Security Emens 
data 

Private Sector 
  

Statistical Archives 
(LFS and EU-SILC)   

Public Sector  (economic 
activity of Education) 

 
At the end of the process of ex-ante and ex-post strategies an outcome is produced: a 
transparent, high quality and valuable data file for scientific and policy purpose. 

6. Conclusions 

The experience of the SES 2010 has been a good experiment to both evaluate the power 
of using an efficient web data capturing, related to an integrated system to monitor every 
aspect of a survey on business, and to transform an experiment on using integration of 
administrative data with archives from surveys into a permanent tool. Italian SES 
experience has been an important experiment for the integration of Administrative and 
Statistical sources. During the last 16 years a progressive integration of different sources 
was progressively realized, transforming the first prototypes developed to a standard tool 
into the statistical production line. The project enabled at the same time to achieve the 
growing EUROSTAT requirements under constraint of limited resources, fulfilling at the 
same time at the “reduction of the response burden” defined in the “Statistical 
Programme of the European Commission for the Year 2008” (being this reduction, 
simplification and priority-setting in the field of Community statistics). As a global result 
from this experience, there is the willingness: 
1. to extend the use of integration administrative and statistical archives to the other 
domains; 
2. to optimize the use of IT tools for the direct survey with the web questionnaire, 
dedicated to the variables that are absent from any kind of administrative archives; 
3. to optimize and generalize the use of statistical archives obtained as input/output for 
other surveys. 
 
A combination of administrative data for extrapolation supported by regular benchmark 
surveys or low-frequency surveys would be a strategy for reducing the response burden 
and costs. Moreover, existing administrative sources will be preferred in this project 
wherever possible, and facilitating the use of administrative data will reduce the burden 
on respondents. Finally the joint use of administrative and statistical sources allow to get 
the best definitions of the universe for other domains and the compilation of all the 
mandatory variables for Eurostat SES survey. 
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Abstract 

 

In the field of transport research at German Aerospace Center (DLR) more than 20 research institutes 

deal with a huge variety of transport and traffic aspects. While most of them cover rather technolog-

ical aspects and research questions, two institutes collect statistics for transportation and mobility 

and provide it for the national and international research community. With the MONITOR portal the 

Institute of Air Transport and Airport Research (FW) intends to support actors with information and 

statistics on air transport development. Besides that, MONITOR also contains a sector for some 40 

indicators on global air transport development, providing a fast and clear overview on long-term 

trends in the air transport sector dealing with topics such as the global airline fleet, airline traffic and 

financial performance, airport traffic and financial performance as well as sustainability issues. Since 

2000 the Clearing House of Transport and Mobility situated at the Institute for Transport Research 

(VF) acts as the official provider for German household surveys and statistics. Public funded travel 

and mobility surveys (e.g. Mobility in Germany, German Mobility Panel, etc.) are described at and 

provided by the Clearing House portal. This is accompanied by information about similar statistical 

data sets and data portals in Europe. Those two DLR data portals cover similar aspects of different 

transport modes – namely air transport and personal mobility affecting mainly road and public 

transport. By now, collected statistics and data base elements could not be accessed simultaneously. 

Transport researches and other users could not have a direct benefit in combining statistics and data 

elements of both portals directly. Thus, the idea was born to create an external search and analysing 

system allowing single-point access to mentioned data bases. Together with the DLR facility on Simu-

lations and Software Technology (SC) a common engine was created which allows users to search for 

statistics, data and META information on a “global” level. The paper describes the challenges, efforts 

and the technical implementation of the system. Special attention will be laid on the harmonization 

of applied data description formats which have been merged into a common META format. This will 

be used for fast search within the derived data base and for visualizing search results in a faceted 

manner. 

 

Keywords: data portals, transport statistics, format transformation 
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1. Introduction & Motivation 

The German Aerospace Center1 
(DLR) is one of the largest public-funded research companies in Ger-

many. Up to 7,300 employees work in 32 institutes at 16 German sights and facilities on the fields of 

aeronautics, space, transport, energy and security. 26 institutes contribute with their specific compe-

tences to the success of the Transport Business Area. Most of them generate and deal with large 

technical and statistical data sets and sources. Thus, the management of knowledge and gained ex-

periences plays an important role not least in terms of data storage, description and (re)usage. On 

the field of transport research and data, two DLR data portals deal with corresponding statistics and 

data warehouse aspects. With the MONITOR2 portal the Institute of Air Transport and Airport Re-

search (FW) intends to support actors with information and statistics on air transport development. 

The Clearing House of Transport and Mobility3 situated at the Institute for Transport Research (VF) 

acts as the official provider for German household surveys and statistics. Those two DLR data portals 

cover similar aspects of different transport modes – namely air transport and personal mobility af-

fecting mainly road and public transport. By now, collected statistics and data base elements could 

not be accessed simultaneously. Transport researchers and other users could not directly combine 

search requests on general transport statistics and data elements of both portals. Thus, the idea was 

generated to create a common search and analysing system allowing single-point access to those 

mentioned data bases. Together with the DLR facility on Simulations and Software Technology (SC) a 

common engine was created which allows users to search for statistics, data and META information 

on a “global” level. 

 

 

Figure 1: STRADA approach 

The desired DLR STRADA (Search TRAnsport DAta) engine was to be implemented as an external and 

publicly available website accessing referenced portals simultaneously and visualising search results 

in a faceted manner – see general idea at Figure 1. Hereby, the special challenge was the definition of 

common descriptive format elements for the data search and facets for the results visualisation. As 

description formats of the portals in question were not identical, a corresponding format items dic-

tionary had to be discussed, defined and implemented. Also a possibility to customise search results 

(facet arrangement, top 5 elements, etc.) was required.    

 

                                                           

1 http://www.dlr.de/ 

2 http://www.airtransport-monitor.eu 

3 http://www.dlr.de/cs/en/ 
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Together with the DLR facility on Simulations and Software Technology the STRADA search engine 

was developed and implemented, which allows users to search for statistics, data and META infor-

mation on a common ‘DLR’ level. The paper describes the challenges, efforts and the technical im-

plementation in connection with the set- up of the system as well as the huge benefit for DLR and 

external researchers. 

The Institute for Transport Research and the Clearinghouse for Transport Data 

With the vision of a modern, integrated, socially and ecologically sustainable transport system, at the 

Institute for Transport Research (VF) scientists of various disciplines are working on a range of ques-

tions centred on the causality and changes in passenger and commercial transport: 

• The work takes as its basis surveys covering all forms of transport and an empirical analysis 

of the mobility and transport behaviour of private households and companies against the 

background of the given social, economic and socio-demographic conditions.  

• In the context of current and future transport demand, traffic management measures are 

evaluated and analysed for their potential effectiveness.  

• Two further fields of research are concerned with international transport research and with 

the availability of new information and communications technologies (ICT) such as ICT-based 

transport information services. 

 

As an infrastructural base the Clearing House for Transport and Mobility act as a collector and pro-

vider of transport and mobility studies and statistics. Besides a huge variety of other studies and sta-

tistics, the Clearing House holds and provides raw data statistics of the ‘German Mobility Panel’ 

(1994 – 2012) and the largest German household survey ‘Mobility in Germany’ (2002 & 2008). One 

focus of the deployment of the Clearing House is laid on the cooperation and linkage with existing 

data bases and portals dealing with similar or even different aspects of transport research. 

The Institute of Air Transport and Airport Research and the MONITOR portal 

One key element in DLR’s transport focus is the Institute of Air Transport and Airport Research. In 

order to pave the way for a sustainable transport system, the Institute concentrates on innovative air 

transport concepts and the use of new technologies in this sector, as well as the analysis and forecast 

of air transport and its effects on the environment. The activities in the field of environmental as-

sessment of air transport take in this context advantage of DLR’s work in the development of regional 

and global emission inventories, numerical models and their application, as well as research on noise. 

A particular strength of the unit is its multidisciplinarity, optimally designed to assess the complex 

interdependencies of air transport.  

In this context, the collection, preparation and availability of reliable and easily accessible data and 

information is a necessary prerequisite in order to understand and analyse main developments in the 

air transport system and in connection with framework conditions. For this reason, the underlying 

data collection of the MONITOR portal was first established as an internal information source starting 

in 2005, but had been extended to a publicly available (meta-)data base in the scope of the EU fund-

ed MONITOR project. The scope of the project included furthermore the continuous identification of 

current and future trends which is realised within the portal by the presentation of a set of separate 

indicators and scenario studies that deal mainly with the long-term air transport development on a 

global scale.         
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2. Harmonising the portals 

Data formats and categories 

Clearing House for Transport and Mobility 

All Clearing House data sets are described with a special XML format, which is based on well estab-

lishes formats such as Dublin Core and DDI. The format covers the items shown in Table 1. A subset 

of this format was to be used for the synchronised STRADA format set. 

Table 1: Clearing House description format items 

Item Type 

General information on data set 

Title Text 

Title (abbreviation) Text 

Summary, purpose of data collection Text 

Keywords Text 

Website for data set Text 

Possible links to other data sets Text 

Temporal and spatial information 

Time period of data collection Date 

Country Selection 

Federal state Text 

City, municipality Text 

Geo Reference available Selection 

Additional information Text 

Investigation and data collection methodology 

Data set variables Text 

Investigation design Selection 

Frequency of data collection Selection 

Data collection method Selection 

Data collection tool Selection 

Population Text 

Analysis unit Selection 

Sample size Text 

Representativeness Selection 

Access to data set 

Collected by Text 

Client Text 

Contact for data set Text 

Data format(s) Selection 

Size of data set Selection 

General comments and addenda to data set Text 

 

Besides that, data sets are assigned to pre-defined data categories. Also these categories differ 

between the portals and had to be harmonised.   
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Table 2 lists the first two levels of the Clearing House data categorisation. 
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Table 2: Clearing House data categories (first 2 levels) 

Mobility-/Traffic behaviour Passenger Transport 

� Modal Split � Individual Transport 

� Trip Purpose � Public Transport 

� Virtual Mobility Commercial Transport 

� Time Use � Segment 

� Activity Areas/ Commuter Relations � Transport Mode 

Transport modes Traffic participants / target groups 

� motorised � Individuals 

� non-motorised � Socio-Demographic -/ Lifestyle Groups 

� multimodal/ intermodal/ combined � Companies, Enterprises 

Transport purpose Mobility-/Traffic Management 

� Work � 
Potential or Acceptance of Mobility or 

Transportation Services 

� Business � Substitutionary Potentials 

� Education Environmental Impact of Mobility and Traffic 

� Shopping � Emissions 

� Recreation � Energy -/ Fuel Consumption 

� Holiday Geographical Data 

Traffic Monitoring � Demography 

� Traffic Volume � Infrastructure 

� Mileage � Economy 

� Capacity Loads Surveys with Methodological Focus 

  � Collection -/ Measurement Method 

  � Sampling 

 

MONITOR portal 

All MONITOR data sets are described with a special format, which is in general based on the Dublin 

Core format. However, some special format changes had to be made due to the nature of the MONI-

TOR project and the recommendations of external aviation stakeholders in order to get a more de-

tailed format that fits best to the concrete information needs of the MONITOR portal users. Taking 

these wishes into account, 31 metadata attributes were developed and specified by different format 

characteristics which are shown in the following table (Table 3).  

Table 3: MONITOR portal description format items  

Item Type 

A. Category Information 

Resource type Selection 

Content category Selection 

B. Basic Information 

Title Text 

Publisher/supplier Text 

Author Text 

Subject/keywords Text 

Online link Text 

Description Text 

C. Technical Information 
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Spatial coverage Selection 

Temporal coverage Text 

Time horizon Selection 

Temporal resolution Selection 

Variables Text 

Frequency of publication Selection 

Date of release Text 

Temporal scope of publication Text 

Data status Selection 

Data format Selection 

Size of data file Text 

Language Selection 

Resource identifier Text 

D. Information for Using the Data (Usefulness, Possibilities and Limitations) 

Availability Text 

Method of data collection/processing Text 

Collection reason Text 

Collection financer Text 

Field(s) of application Text 

Target group Text 

Users of the data Text 

Relation Text 

Alternative data sources Text  

Possibilities and limitations of the data Text 

 

According to the Clearing House data categories the MONITOR portal also has its own data categories 

to which the described data sets are assigned to. Table 4 lists the first two levels of these content 

categories. 

Table 4: MONITOR portal data categories (first 2 levels) 

Air Transport Demand Environmental Issues 

� Passenger Demand � GHG Emissions from Air Transport 

� Local Air Quality 

� Noise 

� Environmental Policy 

� Freight Demand 

 
 

Air Transport Supply (Airlines) Air Transport Policy and Regulations 

� Flights � Air Transport Market Regulations 

� Market Structure � Air Transport Security 

� Aircraft Fleet � Political Objectives 

Air Transport Infrastructure (Airports & ATM) Framework Developments 

� Airport Policy, Economics and Charges � Economy 

� Population 

� Energy 

� Emission Development in general 

� Disasters and Incidents 

� Transport and Mobility Trends 

� Airport Capacities and Movements 

� ATM Infrastructure 

 

 

Aviation Technology Indicators (KPIs & SDIs) 

� Aircraft Market �External  

� Safety �Internal 

� Technology Development  
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The STRADA search portal 

The following elements were decided as common STRADA categories: 

- Framework and geographical Data 

- Passenger Transport 

- Commercial Transport 

- Traffic 

- Infrastructure 

- Transport Measures and Policy 

- Environmental Issues 

- Vehicle Technology 

Those categories will be used in STRADA for structuring search requests and results. Consequently, 

MONITOR and Clearing House categories had to be mapped to those mentioned STRADA categories 

as shown in Table 5. 

Table 5: Assignment to common STRADA categories 

STRADA categories MONITOR categories Clearing House categories 

Framework and geo-

graphical Data 

Framework Developments Economy, Demography 

Passenger Transport Passenger Demand Passenger Transport, Transport Pur-

pose, Mobility-/Traffic Behaviour 

Commercial Transport Freight Demand Commercial Transport 

Traffic Air Transport Supply (Airlines) Traffic Volume, Mileage 

Infrastructure Air Transport Infrastructure 

(Airports and ATM) 

Infrastructure, Capacity Loads 

Transport Measures and 

Policy 

Air Transport Policy and  

Regulations 

Mobility/Traffic, Management 

Environmental Issues Environmental Issues Environmental Impact of  

Mobility and Traffic 

Vehicle Technology Aviation Technology  

 

In reference to table 5, the context of transport statistic portals ‘framework’ is to be considered as 

data and statistics specifying constraints and special conditions having a significant impact on 

transport and mobility criteria and indicators. For instance, demography plays an important role 

when patterns of daily mobility or reachability of transport options are in question. Meanwhile, the 

category ‘Infrastructure”, which is also included in table 5, specifies the transport hardware to be 

used for air (airports and ATM) and road (road networks, charging stations, etc.) transport.  

 

In contrast to the MONITOR data base, the Clearing House contains no statistics and data about vehi-

cle technology. Nevertheless, this category has also been included, not least to support the adjust-

ment of the STRADA portal towards further – more technical oriented DLR transport research data 

bases and portals. 
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3. Conclusion & Next Steps 

With the applied implementation only the first step is done towards a knowledge data base on 

transport statistics for DLR researchers. This first available combination of content of two portals has 

to be considered as a feasibility study. As a next step further transport data and statistics providing 

portals at DLR are to be integrated into the system, where the diversity of rather technical aspects of 

transport may add another layer of complexity. 

Different options for the technical enhancement of STRADA are considered also in this context. Be-

sides the extension of the content, the portal and its users would especially profit from intelligent 

search facilities and a modern and innovative formal structure that enables the user to be guided 

directly to the needed information. In addition, users should be able to overlook quickly the com-

plete data content and to identify linkages between different data sources and to recognize options 

to combine separate data sets in order to solve special research questions. Intelligent metadata sys-

tems like those shown in Figure 2 make those linkages transparent and are flexible enough to change 

their structure according to the interaction of the different users. Therefore, this approach has im-

portant priority for the further enhancement of STRADA.   

 

Figure 2: Examples for innovative metadata structures from http://www.thebrain.com/ and 

http://www.dlr.de/next/desktopdefault.aspx/tabid-6104/  

An additional feature in order to create search systems more intelligent and supporting the user in 

getting a clue concerning a possible answer to questions or problems is to present predefined re-

search questions and the given answers/data/figures in advance. This solution is illustrated in Figure 

3 where the section “quick answers” presents a way to get the most important messages – here the 

change in population from 2000 to 2010 - of a specific data set that deals with the socio-economic 

and infrastructure development in the USA. 
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Figure 3: Example from http://www.policymap.com/maps  

In a superior context, visualization plays also a key role in strengthening the attractiveness and use-

fulness of STRADA as detailed and manifold information can be analysed easier and more quickly in 

this manner. In addition, separate measures and indicators can be combined and compared in order 

to identify possible relations, linkages or correlations. This approach is illustrated in Figure 4 as an-

other example for intelligent data processing. 

 

Figure 4: Example from http://www.statistic-charts.com/  

Summing up all these extension possibilities, the next step will include the evaluation of these op-

tions and a step-by-step integration of more features that allow strengthening the value of STRADA 

for the research community and the public with regard to improve the information on global 

transport development.  
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Abstract  
 
Memobust (Methodology of Modern Business Statistics) is an ongoing ESSnet project. 
According to the project proposal, its main objectives are “the identification of best 
practices and the development of common methodology and ESS guidelines supporting 
the production of business statistics aiming at reducing respondent burden and fostering 
efficiency and integration of processes.” These objectives are made operational by the 
project goal of writing a handbook on methodology for business statistics. 
The Memobust handbook consists of a large collection of modules, made available on the 
internet. This modular approach should facilitate easy maintenance of the handbook. The 
Memobust handbook is conceived as a living thing, which needs constant updating and 
maintenance in order to keep up with new insights, developments and technical 
possibilities in its focus area. This requires active input from the target group, especially 
in the period following the completion of the Memobust project. 
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1. Introduction 

 
This paper describes the Memobust project: what it is supposed to produce and the way it 
tries to achieve this. The main goal of the project is to produce a new handbook or 
electronic knowledge base (e-handbook) on the design and methodology of business 
statistics. 
The paper is organized as follows. In Section 2, the Memobust project is briefly 
discussed. In particular, the aims of the project are explained and the way in which we try 
to achieve them. In Section 3, the handbook itself is discussed. It is explained which 
topics the handbook is supposed to cover, for which target group it is intended, what its 
desired appearance should be, how it is written and reviewed, etc. An overview of the 
topics treated in the handbook is given in Section 4. Section 5 discusses the role that the 
Memobust handbook can have in other activities. Finally, in Section 6, we look ahead 



and indicate how we wish that the handbook will develop after the end of the project, in 
particular concerning its contents. 
 
 
2. The Memobust project 

 
The Memobust project is an ESSnet project. The first phase of the project started at the 
end of December 2010 and ended in June 2012. The second and final phase of the project 
started in September 2012 and will end in March 2014. Currently, the national statistical 
institutes (NSIs) of 7 countries are participating in the project: Norway, Sweden, Poland, 
Hungary, Italy, Switzerland, and the Netherlands, which co-ordinates the project. In 
addition, the NSI of Greece participated only in the first phase. 
The main objectives for this project are the identification of best practices and the 
development of common methodology and ESS guidelines supporting the production of 
business statistics aiming at reducing respondent burden and fostering efficiency and 
integration of processes. These objectives are made operational by the project goal of 
updating an existing handbook on business statistics (Willeboordse 1998). After 15 years, 
this handbook has become out of sync with statistical practice due to many developments 
that have taken place since its completion. 
Willeboordse (1998) is a handbook in the traditional sense of the word, which means that 
it has a monolithic structure. The Memobust project aims to update this handbook to the 
current practices in the area of business statistics. In fact, ‘update’ is somewhat of an 
understatement, as both the structure and the contents of the new handbook will be very 
different from the previous one; see Sections 3 and 4. 
As the handbook is intended to be used in principle by countries in the European 
Statistical System (ESS), it is important that it should find an important base in this 
community. The challenge here is to balance the interests of the intended readership, 
which is a rather broadly defined group; more on this in Section 3.3. The Memobust 
handbook is maintained at a website hosted by Eurostat; see Section 3.7 for more details. 
 
 
3. The Memobust handbook 

 
3.1 Form and appearance 
 
The Memobust handbook in its intended form is not a traditional book like its precursor 
and other existing handbooks on business statistics, such as Cox et al. (1995). Instead of 
being a monolithic structure, it consists of a set of separate, but interconnected electronic 
documents. Most of these documents are so-called modules. In addition, there are a few 
documents that serve as introductory, contextual or background material. The handbook 
will be realized as a collection of separate PDF files, put on a web site (see Section 3.7). 
 
3.2 Topics, modules, and templates 
 
The Memobust handbook is subdivided into topics. Each topic covers a specific part of 
the methodology of business statistics. Examples of topics include ‘Sample Selection’, 



‘Data Collection’, and ‘Weighting and Estimation’. A full list of topics in the handbook is 
given in Table 1 below (Section 4). 
Each topic in the Memobust handbook consists of at least one module. There are two 
types of modules: themes and methods. Roughly speaking, themes are less specific and 
more verbal pieces that aim to discuss a common point in a general, non-technical way. 
They point out, for instance, what certain techniques have in common, why they are used, 
etc. Methods are more specific, and usually more technical in nature. Themes should be 
suited for a rather broad readership, whereas method modules are predominantly written 
for specialists, such as methodologists. Both types of contributions have a standardized 
format. They are written using templates, which have been especially designed for the 
handbook. 
The templates are intended to give a common structure to the modules in the handbook. 
This ensures that certain information is provided about all methods and themes, and that 
this information can be found at fixed places within the modules. It does not mean that a 
single author has to provide all the information required. Information can be added or 
modified later by other experts. Another advantage of this structured approach is that the 
modules can become accessible in various, alternative ways. 
 
3.3 Intended readership 
 
The readership of the Memobust handbook is intended to be rather broad. It is primarily 
aimed at persons working at statistical institutes in the area of business statistics, in 
particular survey managers and statisticians involved in design and in the production 
process. Moreover, the handbook should also be useful for methodologists. 
To serve such a broad spectrum of readers, a distinction is made between theme modules 
and method modules, as mentioned above. Theme modules are non-technical and of a 
rather general nature. They should appeal to the entire intended readership, and in 
particular to the statisticians and the managers. Most method modules should appeal 
mainly to methodologists, as the name suggests. For that reason they are allowed to be a 
bit more technical. However, they still should provide a practically relevant overview. 
For further details they should guide the interested reader to the existing relevant 
literature where additional methodological or technical details of the method described 
can be found. 
 
3.4 The writing and reviewing procedure 
 
A module is usually written by one country and is in general reviewed by two other 
countries. There is a review template for the reviewer to provide feedback to the author in 
a standardized format. For each topic, there is a topic leader, who co-ordinates the 
structure of the topic (its modules) together with the other countries involved. 
Furthermore, an editorial board has been set up, which oversees and assists the whole 
procedure. The editorial board supports the topic leaders and handles problems. The 
project co-ordinator chairs the editorial board and has contacts with Eurostat. 
A team of writers and reviewers is involved in each topic, with the topic leader taking 
initiatives and supporting the team members. The reviewers contribute to the result 
through comments and suggestions to the author. Normally a module is accepted by the 



reviewers after a few iterations. Later on, harmonization with other topics may lead to 
(hopefully minor) revisions. The topic leaders and the editorial board take initiatives for 
this. 
Towards the end of a successful writing and reviewing procedure the module goes to the 
editorial board for final approval. As a rule, the editorial board will accept the module. A 
rejection is possible also at this stage, but such a problem should normally be discovered 
and handled earlier in the procedure. 
The writing and reviewing procedure is described in more detail in the editorial policy of 
the project (Memobust 2012). 
 
3.5 Standards to be observed 
 
The goal is to make the terminology (terms and definitions) in the handbook compliant 
with the Generic Statistical Business Process Model (GSBPM; see Vale 2009) and the 
SDMX Metadata Common Vocabulary (see SDMX 2009). In fact, the handbook will 
contain a short contribution explaining the relationship between the handbook structure 
and the GSBPM. Also, terms and definitions used in the modules which are not part of 
GSBPM or SDMX should be integrated and harmonized between modules. This is more 
easily said than done. It requires an extra effort to obtain this consistency. Some attention 
is devoted to this aspect in phase 2 of the project. 
 
3.6 External validation 
 
The handbook will be validated by a group of independent external experts. The idea is 
that they focus both on the handbook as a whole and on certain methodological areas. 
This external review is additional to the internal review done within the project itself. It is 
also not to be confused with the review done by Eurostat after the project to assess the 
quality of the output of the Memobust project. 
 
3.7 Website 
 
The modules of the Memobust handbook that have been written and reviewed internally 
are put on the project’s website, which is part of a larger internet portal concerning all 
ESSnet projects. The website can be found at: 
 

http://www.cros-portal.eu/content/memobust. 
 
Apart from the modules of the handbook, other project information can be found there as 
well. Some of the information on the website is public, and some is private, i.e. only 
visible to project members. 
Currently, the modules that have been written so far are only visible to project members, 
because many of them are still under development. During 2013, batches of modules will 
be released in the public section of the Memobust website. This public version of the 
handbook will be updated and supplemented with new modules in due course. 
 
 



4. Contents of the handbook 
 
The content of the handbook is roughly structured according to the components of 
GSBPM. Table 1 lists all topics in the handbook, as well as the number of modules for 
each topic. A complete overview of all planned modules can be found on the project’s 
website. 
 
Table 1: List of topics for the Memobust handbook. 
Topic name: # modules: 
Introduction 1 
General Observations 5 
User Needs 1 
Overall Design 1 
Repeated Surveys 1 
Design of Statistical Concepts 1 
Questionnaire Design 5 
Statistical Registers and Frames 7 
Sample Selection 9 
Data Collection 6 
Response 2 
Micro-Integration 13 
Coding 8 
Statistical Data Editing 10 
Imputation 7 
Derivation of Statistical Units 1 
Weighting and Estimation 18 
Quality Assessment 4 
Macro-Integration 7 
Seasonal Adjustment 3 
Statistical Disclosure Control 2 
Dissemination 1 
Evaluation 1 
Dynamics of the Business Population 1 

 
Some topics were marked by Eurostat as especially important at the beginning of the 
project. These are the four topics design, data collection, estimation, and integration. The 
last three topics have 6, 18 and 20 modules (micro- and macro-integration combined). 
There is only one module on overall design. But all method modules contain a section 
devoted to design issues for the specific method that is described therein. So design is 
covered fairly extensively in the handbook as well. Apart from these ‘special’ topics, 
there are some other topics that have received a fair amount of attention, in terms of the 
number of modules planned, as specified in Table 1. Other topics that are on the border of 
the area of methodology of business statistics will receive a less extensive treatment. 
 
 
 



5. Possible uses of the handbook 

 
In this section we consider some potential uses of the Memobust handbook. We start with 
the obvious one: the handbook as a source of knowledge to assist those working at 
statistical offices in the area of business statistics. 
 
5.1 Aid in designing and running business statistics 
 
The basic purpose of the handbook is to aid those working in the area of business 
statistics. This is where we position our main target group: employees working at a 
(national or supra-national) statistical institute, such as methodologists, statisticians, or 
managers. This group includes professionals who already have some experience working 
in this area and want to increase their knowledge of certain topics. 
A special group within statistical offices consists of novices, who are new to official 
statistics – or at least to business statistics – and want to have a quick overview of the 
area, before delving into one or more topics. The handbook should provide them with an 
overview of all topics that are important at the moment, initial information about these 
topics and pointers to the literature for those who are interested to delve more deeply into 
a particular topic. 
 
5.2 Information for users of business data 
 
The users of business data provided by an NSI might be interested to learn more of a 
specific method that has been applied to the data they analyze. The NSI could guide them 
to a relevant section of the Memobust handbook, either through personal contacts or 
through hyperlinks in instructions to data files. 
 
5.3 Source of material for dedicated courses 
 
The Memobust handbook could be used as a basis for courses on business statistics, for 
various target groups, and for courses ranging from general (aimed at giving a good 
overview) to specialized (aiming to treat a topic in some depth). 
Within the project, a course is planned for November 2013, based on a selection of 
modules from the handbook. This course is primarily aimed at potential users of the 
handbook from ESS member states not directly involved in the project. The aim is to 
demonstrate the usability of the handbook for such a purpose. Besides it is an excellent 
opportunity to present the handbook to a group of potential users and to receive feedback 
from them. 
More details about this course, in particular about the selection procedure for participants, 
will be given on the Memobust website in the first half of 2013. Participation to the 
course is free of charge. In addition, travel and subsistence costs made by the participants 
will be compensated. 
 
 
 
 



5.4 Reference point for software for business statistics 
 
The Memobust handbook could be used as a starting point to list in a systematic way for 
which topics useful tools are already available (and describe these tools) and for which 
topics such tools do not yet exist. It should be easy to identify those topics for which 
suitable tools are lacking. It would then be most desirable if open source tools would be 
developed for these topics and put at the disposal of the entire ESSnet community, or in 
fact the whole world. 
The availability of such tools would be an asset for the handbook, especially for the 
methods they apply to. In that case a user could not only read about a method, but 
actually apply it to a small example to see how it works. If the tools would be of high 
quality, they could even be used for the production of statistical data. It should be noted, 
however, that producing new software tools is not a goal of the Memobust project. 
 
5.5 Aid the discourse on statistical methods at the European level 
 
The handbook could be used to organize the discourse on statistical methods used in 
business statistics. The handbook does not intend to promote certain methods or demote 
certain others. In fact, the suitability of a method can only be judged when it is applied in 
a particular context. In this sense, methods by themselves are ‘neutral’. The handbook 
should facilitate the discussion within the ESS about the merits and demerits of certain 
methods, the conditions under which they can be applied, possible alternatives, etc. In 
this way, the handbook could act as a means for further harmonization and 
standardization of methodology for business statistics. 
 
5.6 As a nucleus of a handbook on the methodology for official statistics 
 
Another possibility for the future is to extend the scope of the handbook. In its current 
form, the Memobust handbook concentrates on business statistics, because that was the 
intention of the Memobust project. However, there is no inherent reason why the scope of 
the handbook could not be broadened to the entire field of official statistics. In fact, at 
Statistics Netherlands the so-called ‘Methods series’ shows this. This is a collection of 
reports that, in principle, covers the whole spectrum of methods applied at Statistics 
Netherlands, including methods for business statistics, but also for social statistics and 
national accounts (Statistics Netherlands 2012). As there are many points of contact and 
even overlap between methodology for business statistics and methodology for other 
types of official statistics, such as social statistics, this extension of the Memobust 
handbook would actually be very natural. A future project could be devoted to turning the 
Memobust handbook into a ‘Mesobust’ handbook (Methodology of Social and Business 
Statistics). 
 
 
6. After the Memobust project 
 
The Memobust project will formally be finished in March 2014, but the handbook should 
be essentially finished (within the project) by November 2013. After that, the Memobust 



handbook is supposed to live on. This will not happen by itself; some things have to be 
organized. It is important that the handbook is considered valuable by the European 
statistical community, i.c. the ESS. In this section, we consider issues for after the 
Memobust project, related to the content of the handbook. 
To make sure that the Memobust handbook will be able to continue after the Memobust 
project, its maintenance has to be organized. Since the Memobust project group harbours 
only a limited number of people and their expertise, it would be attractive if others, who 
were not involved in the project, would also contribute to the handbook. In fact, after the 
Memobust project will be finished, the handbook has to be updated in some way or 
another. Otherwise, it runs the risk of very soon becoming outdated. 
If the Memobust handbook is to be open for new contributions after the end of the 
Memobust project, then some form of supervision is needed to guard the quality of what 
is written, for instance in the use of the templates in order to integrate with the structure 
of the existing modules. This could be done, for instance, by setting up a center of 
expertise and involving moderators for the various topics. If this turns out to be 
impossible, the handbook would have to be updated periodically through dedicated 
projects, especially aimed at this task. 
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Abstract 
 
Traditional theories look at a tourism destination as a geographical area but new approaches 
consider tourism destinations as constantly changing socially constructed units. The objective 
of current presentation is to propose a methodology for determination of tourism destinations 
by using behavioural data from mobile telephone positioning. This enables to use daily 
mobility patterns of visitors and statistical tools for determination of destinations. The 
opportunity to differentiate destinations with spatially and temporally flexible frames helps us 
to manage and market tourism destinations more effectively. We use passive mobile 
positioning data in Estonia for case study in Estonian island of Saaremaa. 
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1. Theoretical overview 

 
The World Tourism Organization defines a local tourism destination as a physical space, 
where the tourist spends at least one night. This includes various services and attractions and 
is defined by physical or administrative borders, which are important in destination 
management (UNWTO 2007). According to the UNWTO, the main destination of a journey is 
the place which was a decisive factor in making the decision to travel. If such place cannot be 
determined, the place where the visitor spent most of the trip is considered the tourism 
destination. If such place cannot be determined either, the place which is the furthest away 
from the regular place of residence of the visitor is deemed the main destination (UNWTO 
2010). 
 
Traditionally, destination has been observed on several different geographical levels (Hall 
2000, UNWTO 2007). Continents, countries, regions, local government units, resorts, or even 
individual attractions designed for tourists can be regarded as destinations (Saarinen 2004). 
For example, the whole Europe can be the destination of a Japanese holiday tourist who visits 
six different cities within two weeks, while only London is the destination of a German 
business tourist. For some people, a cruise ship can be the destination, while for other 
passengers on the same ship the visited ports function as the destinations (Buhalis 2000). In 
many cases, a larger destination comprises several smaller attractions or places. For instance, 



the Blue Mountains in Eastern Australia can be seen as a separate destination or as a part of 
Sydney as a tourism destination (Lew, McKercher 2006). 
 
Destinations are often artificially separated with geographical or administrative borders. They 
are often of no importance for tourists and remain unnoticed. This is evidenced by the case of 
the Alps, which are divided between several countries but are perceived as a unitary area by 
skiers (Buhalis 2000). An integral and concretely defined destination is important above all 
for development and planning activities. This helps local tourism companies and 
organizations to define and plan their activities better (Saarinen 2004).  
 
Saraniemi and Kylänen (2011) have divided traditional approaches towards defining a 
destination into three larger areas. The first is formed by the perspectives that are based on 
economy. This approach is based on Butler’s Tourism Life Cycle Model (Butler 1980). 
Marketing- and management-oriented approaches are seen as the second larger traditional 
approach towards defining a destination. In such case, a destination is an area, which offers all 
kinds of services and amenities to tourists (Murphy et al 2000). The third approach towards 
destination includes the approaches which are client-oriented in defining the nature of a 
destination. This means that the preferences of visitors are set in the focal point and the whole 
destination is constructed based on these preferences.  
 
Traditional approaches towards defining a destination fail to show the complexity of the 
nature of destination sufficiently. Based on these approaches, a destination is seen as a static 
geographical area, where tourism activity occurs due to external factors, but the formation, 
development and revolving of the destination is not considered (Saarinen 2004; Saraniemi, 
Kylänen 2011). After the expansion of the concept of space in geography, tourism 
destinations also started to be viewed as socio-cultural structures, which are internally active 
and influence their own future (Saarinen 2004). A sociology-based approach finds that 
destinations are formed in the course of a social practice (communication, activities, 
perception) and contain values and meanings rather than physical attractions (Framke 2002; 
Saraniemi, Kylänen 2011). The idea that destination is a perceptible concept, which can be 
interpreted differently by each consumer depending on their cultural background, level of 
education, the aim of the visit, the programme of the journey and previous experiences, finds 
more and more support (Buhalis 2000). The opinions of economy-based authors, studied by 
the Danish professor Wolfgang Framke (2002), mainly match with what was discussed under 
traditional approaches – destination is seen as a place where everything required by tourists is 
produced in the cooperation of different participants. Sociologists, however, claim that each 
tourist creates his or her own place or space of tourism by behaving and acting, and 
destination as a physical collection of attractions and services does not exist. Based on the 
above-mentioned study and discussion, Framke (2002) concludes that the identity of a 
destination is formed in the concurrence of different services, attractions, infrastructure, 
interests and activities. The static dimension of a destination is its physical place and the 
dynamic dimension consists of the requirement-based collection of products and services 
designed for the tourist (Framke 2002). 
 
Saarinen (2001), however, approaches destination as a historical and dynamic region, which is 
developing in time and space through certain discourses. The first is the discourse of the 
region consisting of knowledge and meanings, which is formed on the basis of various texts. 
According to Kuusik (2011), the meaning of a destination depends on the aim of the visit. 
This enables to conclude that if one wishes to visit a certain country or city, for example, 
Paris, the geographical area is the destination. However, if the Disneyland in Paris is the aim 



of the visit, a man-made tourism attraction is the destination. The same applies to sights of 
nature. In the third case, however, attending a concert or sports event taking place in Paris 
may be the aim of the visit. In the latter case, the event itself is the tourism destination. 
 
 
2. Data Methods 

 
The study is conducted in Saaremaa, which is the largest island in Estonia (2673km², 32729 
residents) and an important tourism attraction in the Baltic Sea area with its historical milieus, 
buildings and landscapes. Saaremaa is also a famous Spa and conference tourism area. Many 
people from Nordic countries have holiday homes or land ownerships in Saaremaa. 
 
Passive mobile positioning data is used in the research (Ahas et al 2008). Locations, times and 
countries of origin of the call activities of foreign visitors have been recorded by the mobile 
operator in the Call Detail Record (CDR) database with the accuracy of a network cell since 
2004. The foreign visitors who were in Saaremaa in the period from 1 January 2011 to 31 
December 2011 are included in this study. According to the data received through passive 
mobile positioning, there was the total of 32221 of them. The largest share was formed by 
Finnish people, who formed a third of the foreign tourists who visited Saaremaa, and by 
Latvians, who formed one fourth of the total number of tourists (Table 1). Swedes held the 
third place with 8%. They were followed by tourists from Germany, Lithuania and Russia. 
Representatives of the total of 68 different nations visited Saaremaa in the period included in 
the study. 
 
 
Table 1. Foreign tourists who visited Saaremaa and the division of visits based on countries 
of origin (mobile positioning data). 
 

 
Tourists Visits 

Country of origin 
Number 

of 
tourists 

Percentage 
share of 
tourists 

Number 
of visits 

Percentage 
share of 

visits 

Finland 11009 34% 14028 38% 
Latvia 7701 24% 8413 23% 

Sweden 2438 8% 2771 7% 
Germany 2176 7% 2322 6% 
Lithuania 2082 6% 2193 6% 

Russia 1617 5% 1759 5% 
United Kingdom 826 3% 907 2% 

Poland 720 2% 778 2% 
France 476 1% 489 1% 
Italy 369 1% 374 1% 
Other 2807 9% 3049 8% 
Total 32221 100% 37083 100% 

 



93% of the foreign tourists visited Saaremaa once in 2011. 2223 tourists visited Saaremaa on 
more than one occasion in the course of the year. More than a half (52%) of the repeat visitors 
were Finnish and 19% Latvian. Foreign tourists made the total of 37083 visits to Saaremaa in 
2011. The data used in this study is similar to the general accommodation statistics in Saare 
County in 2011. According to both sources, the percentages of Finnish and Latvian tourists 
are the highest (Table 2). According to the positioning data, the percentage of Finnish people 
reaches 47%, but according to the data of Statistics Estonia, even 57%. The percentage of 
Latvians is, however, 6% higher in the positioning data, reaching 18%.  
 
 
Table 2. The number of call days in the Saare County by countries of origin based on passive 
mobile positioning, compared to the accommodation data in the Saare County according to 
Statistics Estonia (Statistics Estonia 2012). 
 

  
Call days 

(data of Positium, EMT) 
Nights spent (Statistics 

Estonia) 

Country 

Number of 
call days 

Percentage 
share of call 

days 

Number of 
nights spent 

Percentage 
share of nights 

spent 
Finland 36383 47.1% 89368 57.1% 
Latvia 13801 17.9% 19130 12.2% 
Sweden 5826 7.5% 9346 6.0% 
Germany 4260 5.5% 10563 6.7% 
Russia 3488 4.5% 8074 5.2% 
Lithuania 3253 4.2% 4850 3.1% 
United Kingdom 1630 2.1% 2011 1.3% 
Poland 1526 2.0% 938 0.6% 
France 757 1.0% 1182 0.8% 
Italy 614 0.8% 968 0.6% 
Other 5658 7.3% 10158 6.5% 
Total 77196 100% 156588 100% 

 
The tourists with call days only in the Saare County and those who performed call activities in 
other counties as well are observed separately in this study. The former are counted as tourists 
who visited only Saaremaa, the latter as those who spent a part of their time in Saaremaa, 
visiting other counties as well. If only Saaremaa was visited, it is presumed that Saaremaa was 
the main destination of the foreign visitors, because they did not spend any time in other 
counties. In case of the tourists who visited Saaremaa several times during the year, only 
those who did not perform any call activities outside of Saaremaa in the course of any of their 
visits are counted as those who only visited Saaremaa. The repeat visitors who performed call 
activities in other counties as well are counted as tourists who spent a part of their visit in 
Saaremaa. The ethnic composition of the tourists, the length of the visits, and the temporal 
and geographical distribution of the visits have been analyzed in this study. The number of 
call days in Saare County is observed as the length of a visit. For seasonal distribution of the 
visits, the classical division into spring, summer, autumn and winter months has been used. 
 
 



3. Results and Discussion 
 
3.1 The geography of visits 
 
According to the spatial distribution of visits, the analysis showed that 42% of foreign tourists 
visited only Saaremaa and the rest of the visitors spent time also in other counties of Estonia. 
If we are looking at the geographical distribution of visits, the majority of visiting Saaremaa 
as part of a larger trip is even bigger, reaching 62% of total visits (Table 3). 
 
 
Table 3. The geographical distribution of tourists and their visits based on passive mobile 
positioning data. 
 

 Tourists Visits Call days 

  
Number of 

tourists 
Percentage 
of tourists 

Number 
of visits 

Percentage 
of visits 

Number of 
call days 

Persentage of 
call days 

Visiting only 
Saaremaa 

13503 42% 14260 38% 23200 30% 

Partly visiting 
Saaremaa 

18718 58% 22823 62% 539961 70% 

Total 32221 100% 37083 100% 77196 100% 
1Days spent in Saaremaa 
 
The geographical distribution of visits from top ten nations refers that tourists from 
neighbouring countries of Estonia are most probably visiting only Saaremaa. 64% of Swedes 
and 57% of Latvians visited only Saaremaa (Figure 1). Regarding to other nations, visiting 
Saaremaa is mostly a part of a bigger trip, where other counties of Estonia or even other 
countries (Baltic States, Northern Europe) are also visited. For example 66% of Finns visited 
also other counties in Estonia, which is mostly because of the relative location of Saaremaa 
for Finns. Finnish tourists need to travel through other counties in order to visit Saaremaa. 
Visiting Saaremaa as a part of a bigger destination is very high among French and Italian 
tourists what may be associated with the long distances between these countries and Estonia. 
More than half of the tourists who spent time in other counties in Estonia besides Saaremaa 
visited also Tallinn, the capital of Estonia. Tallinn can be considered as the main gate through 
which tourists come to Estonia.  
 



 
Figure 1. The distribution of tourists according to their travel geography by countries of 
origin. 
 
 
3.2 The duration and seasonality of visits 
 
The duration of visits is greater among tourists who visit Saaremaa beside other places in 
Estonia. Predominant are one day visits (43.5%), but the percentage of 2–3 day visits are 
almost the same. The majority of one day visits is even bigger among tourists who are visiting 
only Saaremaa (66.3%). Trips longer than 3 days constitute only 6.5% of total visits (Table 4). 
 
 
Table 4. The duration of visits 
 

  Visiting only Saaremaa Partly visiting Saaremaa 

Duration of visits 
Number of 

visits 
Percentage 

of visits 
Number of 

visits 
Percentage 

of visits 
1 day 9458 66.3% 9928 43.5% 

2 day 2873 20.1% 6344 27.8% 

3 day 1035 7.3% 3093 13.6% 

4 day 408 2.9% 1484 6.5% 

5 day 195 1.4% 681 3.0% 

6 day 116 0.8% 432 1.9% 

7 day 74 0.5% 242 1.1% 

8 day 52 0.4% 167 0.7% 

9 day 13 0.1% 103 0.5% 

10 and more days 36 0.3% 349 1.5% 

Total 14260 100% 22823 100% 



The average length of stay among tourists who visit only Saaremaa is 1.63 days. Longer visits 
are made by Finnish and Polish tourists Time spent in Saaremaa among tourists who visit also 
other places is Estonia is 0.7 days longer. The longest visits are made by Finns who stay in 
Saaremaa approximately 2.8 days (Figure 2). They are followed by Swedish and Russian 
tourists who also stay more than two days on the island. Among tourists who visit also other 
places in Estonia the time spent in Saaremaa constitutes in average 51% of total visit. Finns, 
Swedes and Latvians spend more than half of their total visitation time in Saaremaa. Among 
other nations the time spent on the island is less than 50% and Saaremaa cannot be considered 
as an individual destination. 
 

 

Figure 2. The average duration of trips made to Saaremaa among top 10 countries. 
 
 
Seasonality is one of the main problems concerning the tourism in Saaremaa because half of 
the visits are made during summertime. The concern is bigger among tourists who visit 
Saaremaa as one of many destinations during their trip. Almost 56% of visits are made during 
summertime. It seems that seasonality grows with the distance, because approximately 80% 
of French, German and Italian visits are made from June to August, while the same number 
for neighbouring countries’ tourists like Russia, Latvia and Sweden stays between 40-50% 
(Figure 3). Seasonality is smaller among tourists who are visiting only Saaremaa, where 49% 
of the visits are made during summertime. The visits are distributed over the year most 
equally among Russian tourists. It is notable that the length of stay is longer in off-seasonal 
times. 
 



 

Figure 3. The seasonality of visits made by tourists who partly visit Saaremaa by countries of 
origin. 
 
 
According to the analysis Saaremaa can be considered as a tourism destination for Finns, 
Latvians and Swedes because they spent more than half of their visitation time in Saaremaa. 
For other distance countries (e.g. Italy, France) Saaremaa is just one place to visit in Baltic 
States or in Estonia. 
 
The quantitative criterions which can be used in defining the tourism destinations can be very 
different. The 50% criterion used here is just one of them. Behavioural data collected with 
passive mobile positioning allows us to use different margins according to the spatial and 
temporal distribution of visits. For example we can differentiate tourists by their entrance or 
leaving places or by visited places during the trip. 
 
Using behavioural indicators for determining the tourism destination can be useful in 
destination management, development and marketing. Knowing the temporal and spatial 
distribution of visits helps to avoid duplication in destination management and marketing. 
Differentiation in tourism destination marketing is good for attracting new markets and target 
groups and creating new marketing strategies. 
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Abstract  
 
The ESSnet Data Collection in Social Surveys has been initiated by Eurostat based on the 
fact that several NSIs have started projects to develop web-based data collection for 
social surveys. Eurostat’s goal is to support early collaboration between countries. Apart 
from facilitating the introduction of web-based data collection for social surveys, the 
project takes mixed mode data collection into account. The exchange of experience and 
knowledge, sharing tools and identifying best practices are of major interest. The ESSnet 
is shared by a consortium of several countries: Partners are Statistical Offices of the 
Netherlands, United Kingdom, Finland and Germany. Three NSIs are acting as support-
group-members: Denmark, Sweden and Italy. Destatis (Germany) acts as co-ordinator. 
Two external consultants are also involved in the project. The duration of the project is 
two years. A final public workshop on the results of the project is scheduled at the end of 
2014.  
 
Keywords: web questionnaires, CAWI, Labour Force Survey  
 

 
1. Introduction  
 
Appropriate and effective data collection methods are the basis for high quality data in 
the European Statistical System (ESS). However, there is much discussion at ESS 
concerning cost and time constraints which could potentially hinder quality aspects. 
Consequently, many countries are reconsidering their modes of data collection. Web-
based data collection is cost-efficient and may counterbalance low response rates: 
specific groups of respondents may favour this form of data collection and modern 
technology provides various solutions for collecting data via Internet.  
 
Therefore, Eurostat has initiated the ESSnet project “Data Collection in Social Surveys 
Using Mixed Modes” (DCSS) to support Member States in their development and 
implementation efforts. Eurostat is encouraging National Statistical Institutes (NSIs) to 
interact with and learn from each other in this consortium. Additionally, the findings of 
the project shall be disseminated to a broader audience.  
 
The main objective of ESSnet is to stimulate early collaboration among countries, to 
harmonise and standardise national practices, to transfer knowledge, and to support 
countries that are less experienced with web data collection. To facilitate the introduction 
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of web-based data collection for social surveys, the project places specific emphasis on 
the impact of mixed mode aspects.  These areas of interest are the two main work 
packages.     
 
The ESSnet DCSS started in October 2012. The Consortium consists of five Statistical 
Offices: the Netherlands, Norway, United Kingdom, Finland and Germany. These 
partners will perform the main tasks and research. Three additional NSIs will act as 
support group members: Denmark, Sweden and Italy. These members shall participate at 
Consortium meetings when findings are discussed and further actions are defined. They 
will represent the perspectives of Member States and are highly interested in the issues. 
Two external experts, representing the European research community on mixed-mode 
methods, will assist as sounding boards. Within the Consortium, Destatis (Germany) acts 
as overall co-ordinator and project leader for the development of the web tool. CBS 
(Netherlands) leads the project on mixed mode data collection. The project will run for 
two years.  
 
The project focuses on the Labour Force Survey (LFS). The LFS has been conducted in 
several modes throughout the ESS for a long time. The modes and their combinations 
differ among Member States. Most NSIs have adopted computer-assisted data collection 
modes for LFS (mainly CATI and CAPI). Until now, only the Netherlands applies a 
computer-assisted web questionnaire (CAWI) for regular data collection. However, 
several countries have started projects exploring the possibilities of using web-based data 
collection for social surveys as an additional mode. Consequently, there is a broad 
diversity of more or less experienced countries with regard to CAWI instruments. 
Against this background, this ESSnet project is an adequate starting point to harmonise 
and standardise a new instrument and share common features.  
 
Important aims of this project are to identify the requirements of an appropriate web data 
collection tool (CAWI) for LFS and to examine the impact of introducing CAWI in a 
mixed mode LFS design. Although the focus is on LFS, the project is also of relevance 
for modernising the system of social statistics in ESS. The action addresses a number of 
important objectives set out in the “Wiesbaden Memorandum” endorsed by the Directors 
General Conference of the National Statistical Institutes (DGINS) held in September 
2011: In the future, it will provide sound methodological data collection design of social 
statistics in order to maintain high quality standards while improving efficiency. Thus, it 
will contribute to a common European architecture for social statistics, and will lay the 
foundations for a higher degree of standardisation in the implementation of social surveys 
in the ESS.  
 

2. The development of the web-based data collection tool  
 
Whereas CAWI is quite common for business surveys, only a few countries have 
implemented CAWI for social surveys. Web questionnaires for social surveys require a 
different design in comparison to business surveys because respondents and topics differ. 
In addition, some business questionnaires are similar to forms or templates, rather than 
questionnaires. Respondents expect electronic questionnaires to use features they are 
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used to in market research or Internet programmes. Consequently, standardised CAWI 
applications used for business surveys cannot be applied directly as prototypes for social 
surveys. The CAWI instrument must be able to deal with error checks, have an automatic 
navigation feature, and collect data for all household members, among other 
requirements. Furthermore, it is paramount that the intent of every single question in each 
mode remains the same as in the basic mode applied (assurance of functional 
equivalence). Apart from the design and presentation of the questions itself, CAWI 
instruments have additional challenges to solve: Even though the functionality might be 
perfect, people do not necessarily know how to use the system. Therefore, the usability 
needs to be tested so that the quality of collected data is safeguarded. Finally, with regard 
to IT technology, the applications must be executable on the most important browsers and 
platforms.  
 
In order to reach these objectives, several activities are planned:  
 
(a) At the beginning, a review of existing CAWI instruments in social statistics will be 
made by launching a small survey of NSIs, with special focus on LFS. The review will 
consider issues like unimode versus specific mode questions, type of mixed mode 
combinations (e.g. CATI and CAWI, or PAP and CAWI), paging or screening designs, 
complexity of the questionnaires, offline or online technologies, software packages, or 
standardisation requirements which have to be adhered to by every NSI.  
 
(b) Subsequently, all partners will conduct qualitative pretesting of their LFS CAWI 
applications. Partners will implement their pretests at different points in time; there will 
be a sequence of single pretests. The advantage of this approach is obvious: It is possible 
to share experience and define follow-up research questions, which might be covered and 
tested within the scope of another partner’s pretest. Qualitative pretesting will be 
executed by cognitive interviews; three partners will also use eye-trackers. Features to be 
tested include login and password, navigation strategies, error checks, several household 
members in one CAWI instrument, presentation of instructions, error placement, error 
message design, prefilled questionnaires, don’t know and empty options, functional 
equivalence of questions (unimode versus specific mode questions), mode-sensitive 
questions, and satisfying issues. Partners will have their specific emphases and country-
specific challenges, but will also have areas of common interest.  
 
 
3. Mixed mode data collection  
 
Based on the Data Collection in Social Surveys Using Mixed Modes Workshop held 
September 22 - 23, 2011 in Luxembourg as well as Eurostat information and further 
discussion, the scope of the project has been extended to mixed mode data collection 
rather than focusing on web-data collection alone, since there will be several modes for 
data collection at the same time within countries and within the ESS. Web-based data 
collection (CAWI) is not (yet) suitable to be used as the only mode for official social 
statistics and will be used in combination with more traditional data collection modes, 
such as face-to-face or telephone modes. It is apparent that implementing mixed-mode 
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data collection in different combinations can be challenging and may impact technical 
issues, data collection procedures, fieldwork, weighting and estimation issues.  
 
The second work package for mixed-mode data collection includes (a) a review of 
current surveying methods in ESS countries with specific emphasis on the LFS and (b) 
three major areas of research: organisation and case management systems for mixed-
mode collection, measurement effects, and impacts on data processing and estimation.  
 
The review shall comprehensively cover partially documented information regarding LFS 
in Member States: Based on a literature review and a small survey among all ESS 
countries, the combinations of data collection modes currently used in the ESS, as well as 
the sequences and order in which the different modes are implemented (e.g. concurrent 
vs. sequential), will be focused upon. The review will take into account quality 
requirements in the LFS and other pertinent issues which are covered by revision of the 
LFS’s legal basis, expected to be adopted and introduced in 2016.  
 
Based on the review on mixed mode data collection in the ESS, the partners will analyse 
the preconditions, advantages and pitfalls of mixed mode data collection use for LFS in 
their specific countries, with special emphasis on web-based data collection. Some 
partners in the project have access to large-scale databases, whereas others will introduce 
small-scale experiments. The research on mixed mode data collection will be conducted 
from three perspectives:  
 
A. Organisation of mixed mode data collection  
 The implementation of mixed mode data collection, and in particular of web-based data 
collection, will have important implications for various aspects of data collection 
organisation. It is of particular interest to understand which requirements the applied 
software package has to fulfil in a mixed mode environment. Using one single software 
package for several modes, at least at the national level, can reduce costs for IT 
development while at the same time reduce the problems associated with consolidating 
data collected via different modes into one uniform data model. The ESSnet partners will 
use at least two different software packages in their settings. Thereby, the consortium will 
have the opportunity to discuss drawbacks and determine the advantages of one or the 
other package.  
 
In addition, under tight time constraints, as is the case for LFS, it is important to keep 
control of which respondent is contacted with which mode. If no response is received 
using one mode, no time should be lost assigning a different mode to this respondent. 
This is the responsibility of fieldwork management, for instance the coordination of field 
interviewers, the telephone studio, and the registration of incoming web responses (case 
management systems). Accordingly, it is not only essential that data sets to be collected 
are of the same format, but also that countries have suitable software to organise their 
data collection in an appropriate and efficient way.  
 



 5

B. Measurement issues  
Data collection mode can have a substantial impact on statistical measurement, and hence 
the accuracy of the estimates. Although studies on mode effects have a long tradition in 
survey methodology, the definition, analysis and assessment of mode effects is far from 
being straightforward. First, mode effects differ with regard to the type of questions. For 
example, questions on opinions or attitudes are more sensitive with regard to mode 
effects than factual demographic variables, such as age or sex. Consequently, based on 
relevant literature and studies, mode effects will be studied in terms of core employment 
variables as well as different communication channels (e.g. visual, audible, oral / face-to-
face, audio-visual) and the availability of an interviewer. Second, selection effects and 
how to distinguish between mode and selection effects are of major interest. Finally, the 
basic questions of which approach to implement for date collection, the unimode or the 
generalised approach,(mode -specific questions) in a mixed-mode environment for the 
LFS (unimode vs. functional equivalence) will be discussed. There are certainly pros and 
cons to both approaches. The key is to determine which approach best serves ESS and 
LFS conditions.  
 
C. Data processing and estimation in mixed mode data collection  
In addition to fieldwork organisation in general, as well as interviewer organisation and 
recruitment, response rates and panel attrition are affected. Different mixed mode designs 
will have different impacts on these aspects. Moreover, estimation and weighting 
procedures under mixed mode designs can evaluate mode effects, for example by 
adjusting for mode effects and selection biases in the data collection mode. Based on the 
research and experiences of partners, different approaches will be compared.  
 
In contrast to the work package on web data collection tools, where all partners carry out 
qualitative pretests, partners in this work package focus on different aspects in order to 
cover the topics as broadly as possible, although main emphasis is on the assessment of 
mode and selection effects.  
 
 
4. Dissemination  

 
Dissemination of knowledge is considered to be one of the main tasks to support the ESS. 
It encompasses sharing knowledge acquired in ESSnet, reporting results, and discussing 
recommendations with a broader audience beyond the consortium. This will be achieved 
by means of holding presentations at several workshops, conferences and working groups 
as well as establishing an ESSnet Portal on the Eurostat homepage. A final workshop on 
the main findings, which will be open for the research community, shall be scheduled at 
the end of the project.  
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In order to achieve broad sharing of knowledge and dissemination of findings, three main 
channels for dissemination shall be pursued:  
 
A. ESSnet Portal  
The project description, objectives, reviews, intermediate and final reports of the project 
will be presented on the ESSnet portal http://www.essnet-portal.eu. The project website 
will have various functions: It will serve as a dissemination platform and feedback forum, 
and will also provide contact to the experts working on ESSnet. Other non-participating 
countries will be invited to provide feedback and comments on the project, for example 
on projects with similar research questions. An invitation e-mail with the link to this 
website will be sent to the responsible institutions in all member states of the EU. The e-
mail will inform about the project and welcome them to contribute their input regarding 
contents and proceedings.  
 
B. Presentations at international conferences  
The findings and results of this ESSnet will be presented at several workshops and/or 
conferences. The following conferences and workshops have already taken place and are 
scheduled for the respective presentations:  
 

(a) ISM (2012): At the Internet Survey Methodology Workshop (in Slovenia), basic 
design questions on CAWI instruments were discussed. Since the ISM is not limited 
to statisticians of NSIs, but also includes international researchers from universities 
and research institutes, the project was introduced with peers early on.  
 
(b) UN/ECE (2012): The two work package leaders were invited to present their 
plans at the UN/ECE seminar 'New Frontiers for Statistical Data Collection' in 
Geneva, Switzerland, 31 October-2 November.  
 
(c) Eurostat: Eurostat workshops, task forces and working groups related to LFS as 
well as the modernisation of social statistics will serve as a platform to present work 
in progress.  
 
(d) ESRA (2013): The next biennial conference of the European Survey Research 
Association will be carried out in 2013. By 2013, initial results of ESSnet can be 
presented and discussed.  
 
(e) Q2014: At the end of the project period, the European Conference on Quality in 
Official Statistics will take place. An overview of the results and possible 
recommendations of the nearly completed ESSnet project will be presented. This 
conference also provides the opportunity to discuss strategic issues of mixed mode 
data collections, such as the impact of ESSnet on the social survey system in a 
broader sense.  

 
C. Workshop on ESSnet DCSS  
At the end of the ESSnet period, the findings of the project will be presented at a final 
workshop, organised and hosted by Destatis. ESSnet results and preliminary 
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recommendations will be presented. Non-participating Member States, other NSIs, and 
the international research community will be invited to attend the workshop and to 
discuss the topics covered by ESSnet.  
 
 
5. Summary  
 
The ESSnet project DCSS, is scheduled to cover two years and will last until September 
2014. Coordinated by Destatis, a consortium of five partners (NL, NO, FI, UK, DE) and 
three support-group members (SE, DK, IT) will investigate a broad range of topics with 
regard to web questionnaires in particular and mixed mode data collection in general. The 
LFS will be used to analyse challenges and potential pitfalls. However, the project should 
also deliver results that will be applicable to the system of social statistics and to official 
statistics as a whole.  
 
During the project, five qualitative pretests on CAWI instruments for LFS will be 
conducted by the different partners. Additionally, within the scope of mixed-mode data 
collection design, each partner will perform research on the organisation of mixed mode 
data collection, measurement issues (e.g. mode effects), data processing, and estimation 
by implementing mixed-mode surveys. In order to disseminate the project details and 
results, several presentations will be held at conferences, the ESSnet Portal will be 
established, and a final workshop will be scheduled. The project not only aims at offering 
guidance, but also investigates possible opportunities for sharing tools and knowledge, 
and identifying areas for common development. Moreover, it is of common interest for 
ESS to provide recommendations for web questionnaires and the survey design for 
implementing mixed-mode data collection. Since follow-up projects might be required in 
some areas, the project also serves to identify potential further actions.  
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