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NEW TECHNIQUES AND TECHNOLOGIES FOR STATISTICS 2015 - RELIABLE EVIDENCE FOR A SOCIETY IN TRANSITION

Monday 9 March 2015

SATELLITE WORKSHOP ON BIG DATA

Workshop organisers: Piet Daas, Statistics Netherlands; Matjaz Jug, CBS; Pilar Rey del Castillo, Eurostat; Marina Signore, Istat;
Peter Struijs, Statistics Netherlands; Carlo Vaccari, Istat; Steven Vale, UNECE; Antonino Viraillito, Istat
Workshop chair: Steven Vale, UNECE

Tuesday 10 March 2015
CWelcome coffee q
| casp

/Session 1A - OPENING SESSION

Chair: Walter Radermacher, Eurostat
Moderators: Roberto Barcellan & Martin Karlberg, Eurostat

Opening address by Walter Radermacher, Director-General, Eurostat

Research and statistics - the JRC perspective.
Keynote address by Professor Vladimir Sucha, Director-General, Joint Research Centre, European Commission

Official Statistics in the Next Decade, Some QOutstanding Issues.
Keynote address by Professor Danny Pfeffermann, University of Southampton and Central Bureau of Statistics in Israel

Data Journalism and Visualization: A Truthful Art.
\Keynote address by Alberto Cairo, Knight Chair in Journalism at the School of Communication of the University of Miami Y,

“\_ 12:00-13:30 G.unch break “

/Session 2P - POSTER PRESENTATION

Big Data: Google searches predict unemployment in Finland
Joonas Tuhkuri, The Research Institute of the Finnish Economy and the University of Helsinki

Collecting, storing and managing fuzzy data in statistical relational databases
Miroslav Hudec, Dusan Prazenka, University of Economics in Bratislava, Faculty of Economic Informatics, Bratislava, Slovakia

Self-employment — a complementary solution for full use of EU labour potential
Cristescu Amalia, Dorel Ailenei, Bucharest University of Economic Studies

Using a Poisson Regression Model to analyze woman’s Labor Force data
Reem Ismail Mohamed Elsybaey, Central Agency for Public Mobilization and Statistics, Cairo, Egypt

Non-Extensive Entropy Econometrics and CES production Model: Some EU Country Case Study
Second Bwanakare, University of information Technology and Management of Rzeszow, Poland

The evolution of the disparities among the EU member states regarding FDI - the case of the former communist countries
\Vasile Alecsandru Strat, Bucharest University of Economic Studies, Department of Statistics and Econometrics

J
~ 13:30-14:15 /Session 3A - CALIBRATED BAYES: AN ATTRACTIVE FRAMEWORK FOR OFFICIAL m

STATISTICS IN THE 215" CENTURY
Keynote address by Roderick J. Little, Professor of Biostatistics,
University of Michigan

13:00-18:00

08:30-09:30

09:30-12:00

Chair: Caterina Giusti, University of Pisa
Moderator: Dario Buono, Eurostat

N

J
~_ 14:30-15:30 /Session 4A - CORPORATE, INTERNATIONAL AND CROSS-SECTOR m

BIG DATA INITIATIVES
Chair: Albrecht Wirthmann, Eurostat
Moderator: Christophe Demunter, Eurostat

Guidelines for statistical organisations when forming Big Data partnerships
Task Team on Big Data Partnerships

A Shared Computation Environment for International Cooperation on Big Data
Matjaz Jug, UNECE; Carlo Vaccari, Istat; Antonino Virgillito, UNECE, Istat

The Office for National Statistics - Big Data Project
Jane Naylor, Nigel Swier, Susan Williams, ONS

J

Gpecial 4B - NON-PROBABILITY SAMPLING m
Session

Session organiser/chair: Silvia Biffignandi, University of Bergamo
Panel: Roderick J. Little, University of Michigan; Dan Hedlin, Stockholm University; Beat Hulliger, University of Northwestern
Switzerland (FHNW)

On Model-Representativeness
Beat Hulliger, University of Northwestern Switzerland (FHNW), Switzerland

Is random sampling necessary?
Dan Hedlin, Stockholm University
Round table discussion : What is the role of data from non-probability samples in official statistics in the future?
Qoderick J. Little, University of Michigan; Dan Hedlin, Stockholm University; Beat Hulliger, University of Northwestern Switzerland (FHNW)J




PROGRAMME

/Session 4C - DISCLOSURE CONTROL, SYNTHETIC DATA AND RECORD LINKAGE m

Chair: Michael Carlson, Stockholm University

Disclosure Risk Measurement with Entropy in Sample Based Frequency Tables
|Laszlo Antal, Natalie Shlomo, Mark Elliot, University of Manchester, UK

Privacy Preserving Probabilistic Record Linkage
Duncan Smith, Natalie Shlomo, University of Manchester, UK

Development of pseudonymised matching methods for linking multiple administrative datasets
Pete Jones, ONS

Generating synthetic geocoding information for public release
Monika Jingchen Hu, Duke University; Jorg Drechsler, Institute for Employment Research

Automated methods for providing bespoke synthetic data for the UK Longitudinal Studies

KBeata Nowok, Gillian M. Raab, Chris Dibben, Administrative Data Research Centre — Scotland (ADRC-S), University of Edinburgh

/

\ 15:30-16:00 Goﬂ"ee break “
(s | Gasp |

\ 16:00-17:00

~ 17:15-18:15

Special 5A - THE ROLE OF VISUALISATION IN DATA DISSEMINATION
Session
Session organiser: Marina Signore, Istat

Chair: Emanuele Baldacci, Istat
Moderator: Britta Gauckler, Eurostat

Assembling information: dynamic dashboards for actionable data analytics
Cesare Furlanello, Fondazione Bruno Kessler

A more visual dissemination to attract new users
Philippe Bautier, Bernard Le Goff, Eurostat

Uncharted Territories — Data driven graphics beyond the basics
Michael Neutze, Destatis

An enhanced visualization service based on geospatial and statistical linked open data
QAonica Scannapieco, Pina Grazia Ticca, Istat /

(‘Session 5B — SURVEY AND QUESTIONNAIRE DESIGN; m
MANAGEMENT OF NON-RESPONSE

Chair: Jan Bjgrnstad, Statistics Norway

Targeted designs in surveys and longitudinal studies
Annamaria Bianchi, Silvia Biffignandi, University of Bergamo, Italy

Improving the response rates in business surveys. The case of LCS 2012
Ciro Baldi, Marilena Angela Ciarallo, Stefano De Santis, Rossana Renzi, Graziella Spera,Istat

Imputation under edit restrictions and known totals
Ton de Waal, Statistics Netherlands and Tilburg University; Wieger Coutinho, Loket Aangepast-Lezen; Natalie Shlomo, University
of Manchester

Calibration for Nonresponse Treatment: in One or Two Steps?

Per Gosta Andersson, Stockholm University; Carl-Erik Sarndal, Professor Emeritus at Statistics Sweden
\_ J
/Special 5C - INFORMATION STANDARDS FOR STATISTICS: THE 2020 VISION m
Session

Session organiser: Marco Pellegrino, Eurostat
Chair: Roberto Barcellan, Eurostat

Progress in sharing statistical data and metadata using international standards
Francesco Rizzo, Istat

A new international standard for data validation and processing
Marco Pellegrino, Eurostat

A metadata-driven process for handling statistical data end-to-end
Q)enis Grofils, Eurostat /

(‘session 6A - BIG DATA SOURCES: WEB SCRAPING AND SMART METERS m

Chair: Pilar Rey del Castillo, Eurostat
Moderator: Fernando Reis, Eurostat

Using Internet as a Data Source for Official Statistics: a Comparative Analysis of Web Scraping Technologies
Giulio Barcaroli, Monica Scannapieco, Donato Summa, Istat; Marco Scarno, Cineca

Automatic price collection on the Internet (web scraping)
Ingolf Boettcher, Statistics Austria

Using web scraped data to construct consumer prices indices
Robert Breton, Nigel Swier, Robert O’Neill, ONS

Modelling sample data from smart-type meter electricity usage

\Susan Williams, ONS /



surveys.The
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Gpecial 6B - PROGRESS IN THE PRODUCTION AND POLICY USE OF GDP m
Session AND BEYOND INDICATORS

Session organisers: Marianne Paasi, Directorate-General Research and Innovation, European Commission & Marina Signore, Istat
Chair: Marianne Paasi, Directorate-General Research and Innovation, European Commission

From the construction to the usage of statistics beyond GDP

Marina Signore, Donatella Fazio, Istat

The potential of Web2.0 communities for statistics

Donatella Fazio,Istat; Katherine Scrivens, OECD; Maria Grazia Calza, Istat
Recent Advances in the measurement of Intangible assets

Mary 0’'Mahony, King’s College London; Carol Corrado, The Conference Board; Jonathan Haskel, Imperial College London;
KCecilia Jonan Lasinio, LUISS and Istat

Ek

Gession 6C - ENTERPRISE ARCHITECTURE AND INTEGRATION

Chair: Jean-Marc Museux, Eurostat

A European Statistical System Enterprise Architecture Reference Framework
Task Force on ESS Enterprise Architecture

CORE: a concrete implementation of the CSPA architecture
Mauro Bruno, Rolando Duma, Monica Scannapieco, Marco Silipo, Giulia Vaste, Istat

On the Development of a CSPA Error Correction Service: Design and Implementation Issues
Donato Summa, Marco Silipo, Monica Scannapieco, Diego Zardetto, Mauro Bruno, Istat

Reversing the flow: from an integrated system of administrative microdata to an infrastructure for the users
Simone Ambroselli, Giuseppe Garofalo, Istat

Dealing with measurement and integration errors in administrative data: the case of the Italian multi-source system on small
and medium enterprises
\Orietta Luzi, Marco Di Zio, Ugo Guarnera, Roberta Varriale, Istat

J
\_ 18:30-21:00 CWelcome dinner in the “Piazza” restaurant in the Berlaymont Building J
Wednesday 11 March 2015

Session 7A - HUMAN BEHAVIOR MODELING FROM (BIG) MOBILE DATA
Keynote address by Nuria Oliver, Scientific Director,
Telefonica Research, Spain

09:00-09:45

Chair: Michail Skaliotis, Eurostat
Moderator: Fernando Reis, Eurostat

\ 09:45-10:15 (Coﬂ"ee break
\ 10:15-11:15 /Special 8A - MOBILE PHONE DATA AS A SOURCE FOR OFFICIAL STATISTICS

Session

Session organiser: Rein Ahas, University of Tartu
Moderator: Bogomil Kovachev, Eurostat
Defining usual environment with mobile positioning data
Rein Ahas, Janika Raun, University of Tartu; Margus Tiru, Positium LBS, Estonia
Using mobile positioning data for official statistics: daydream nation or promised land?
Demunter Christophe, Reis Fernando, Eurostat
Using Passive Mobile Positioning Data in Tourism and Population Statistics
Qaura Altin, Positium, University of Tartu; Margus Tiru, Erki Saluveer, Positium; Anniki Puura, University of Tartu

Ek

/Session 8B - RECORD LINKAGE AND STATISTICAL MATCHING

Chair: Natalie Shlomo, University of Manchester
Indicator for the representativeness of linked sources
Dingeman Jan van der Laan, Bart F. M. Bakker, Statistics Netherlands

New proposals for linkage error estimation
Tiziana Tuoto, Niki Stylianidou, Istat

The use of uncertainty to choose the matching variables in statistical matching

Marcello D’Orazio, Marco Di Zio, Mauro Scanu, Istat

Environmental conditions / behaviour and income - statistical matching of EU-SILC and micro-census Environment
Alexandra Wegscheider-Pichler, Statistics Austria

The role of the auxiliary information in Statistical Matching Income and Consumption

Gabriella Donatiello, Marcello D’Orazio, Doriana Frattarola, Antony Rizzi, Mauro Scanu, Mattia Spaziani, Istat

\_




PROGRAMME

/Session 8C - SEASONAL ADJUSTMENT, TEMPORAL DISAGGREGATION m
AND FORECASTING

Chair: Dario Buono, Eurostat

Improved Time-varying Day Adjustment in SEASABS
Jonathan Campbell, Lujuan Chen, Australian Bureau of Statistics

1 out of 20 possible scenarios: how to perform temporal disaggregation of annual sector accounts data
Filippo Gregorini, Dario Buono, Enrico Infante, Eurostat

Forecasting Evaluation with JDemetra+
De Antonio Liedo, Jean Palate, National Bank of Belgium

Simple forecasting techniques can reduce forward-series bias and keep revisions low for benchmarked Quarterly National
Accounts estimates
Geoffrey Brent, Alex Stuckey, Australian Bureau of Statistics

Does web anticipate stocks? Analysis for a subset of systemically important banks
Michela Nardo, Erik van der Goot, Joint Research Centre, European Commission

- J

“\\_ 11:30-12:30 (‘Session 9A — LUNCHTIME SPEED DATING PART I: m

LIGHTNING BOLT PRESENTATIONS

Chair: Marina Signore, Istat

Building a Cross Border Data Access System for Improved Scholarship and Policy: The Case of the German IAB Network of RDCs
Jorg Heining, 1AB; William C. Block, Warren A. Brown, Cornell Institute for Social and Economic Research; Stefan Bender, IAB

Microaggregation for the masses: non-confidential enterprise-level data for analytical and research purposes
Sebastien Perez-Duarte, Pierre Lamarche, European Central Bank

Showing Uncertainty of Official Statistics
Edwin de Jonge, D. Jan van der Laan, Jessica Solcer, Statistics Netherlands

Bayesian estimation approach in frameworks, integration of compilation and analysis
Jan W. van Tongeren, previously statistics UN division; Ruud Picavet, previously Tilburg University

From Hombar to Ear. Evolution of data processing in Hungary
Eva Laczka, Hungarian Central Statistical Office

Robust Variable Estimation by Combining Administrative data sources
Guy Vekeman, Statistics Belgium

Constructing Structural Earnings Statistics from Administrative Datasets
Kevin McCormack, Mary Smyth, Central Statistics Office Ireland

The sensitivity of job reallocation measures to longitudinal linkage problems
Karen Geurts, University of Leuven

Occupational mismatch impact on earnings
Monica-Mihaela Maer Matei, Bucharest University

New Approach to Gross Domestic Product Decomposition
Ante Rozga, Elza Jurun, University of Split; lvan Sualto, Zagreb School of Economics and Management

Backward recalculation of labor force indicators: a case of Turkey
Necmettin Alpay Kocak, Ozlem Yigit, Enes Ertad Uslu, Turkstat

Backcalculating MIP (Macroeconomic Imbalances Procedure) indicators to improve data coverage: an empirical approach
Rosa Ruggeri Cannata, Ferdinando Biscosi, Dario Buono, Eurostat

Use of register data for prior waves of EU-SILC in Austria: the case of “back-calculation”
Richard Heuberger, Thomas Glaser, Statistics Austria

Pitfalls of regression modelling with complex survey data
\Florian Ertz, Ralf Thomas Munnich, University of Trier /

(‘Session 9B - PRIVACY AND ACCESS TO BIG DATA AS WELL m
AS OTHER CONFIDENTIAL DATA

Chair: Aleksandra Bujnowska, Eurostat

A Suggested Framework for National Statistical Offices for Assessing and Managing Privacy Risks Related to the Use of Big Data
Task Team on Big Data Privacy

Using Research Data Centres (RDCs) to access Big Data
David Schiller, Anja Burghardt, Research Data Centre (FDZ) of the German Federal Employment Agency (BA) at the Institute of
Employment Research (IAB)

CASD-Teralab, a secure remote access system to confidential Big Data: description, demonstration and use cases
Alexandre Marty, GENES; Frank Cotton, INSEE; Kamel Gadouche, Nawres Guédria, GENES

A gateway to European Research Services
\Anja Burghardt, David Schiller, IAB /
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\ 12:30-14:00
\ 12:30-14:00

“~_ 13:00-13:55

\ 14:00-14:45
\ 15:00-16:00

/
Special 9C - PRINCIPAL EUROPEAN ECONOMIC INDICATORS (PEEIs)
Session

Session organiser: Gian Luigi Mazzi, Eurostat
Chair: Roberto Barcellan, Eurostat

An integrated system for euro area and member states turning point detection
Gian Luigl Mazzi, Eurostat; Monica Billio, University of Venice; Laurent Ferrara, Banque de France

A new graphical tool for business cycle monitoring
Jacques Anas, Analysing Cycles in Economies; Ludovic Cales, Hendyplan; Gian Luigi Mazzi, Eurostat

Towards a daily indicatort of economic conditions
Massimiliano Marcellini, Bocconi University Milan; Claudia Foroni, Norges Bank; Gian Luigi Mazzi, Eurostat;
Fabrizio Venditti, Bank of Italy

N
CLunch break

Gession 10P - LUNCHTIME SPEED-DATING PART Il: POSTER PRESENTATIONS

\For a list of posters presented please refer to session 9A

AR

/Special 10B - REMOTE ACCESS
Session

Session organiser/chair: Roxane Silberman, Reseau Quetelet

Remote Access to European Microdata
Q/Iaurice Brandt, Destatis

/Session 11A - RECENT ADVANCES IN SURVEY SAMPLING
Keynote address by Yves Tillé, Professor, University of Neuchatel

Chair: Beat Hulliger, University of Northwestern Switzerland (FHNW)
\Moderator: Jean-Marc Museux, Eurostat

E\ Ek

/Special 12A - THE WORLDWIDE MODERNISATION OF POPULATION CENSUSES
Session

Session organisers: Fritz Scheuren, NORC at the University of Chicago & Anders Holmberg, Statistics New Zealand
Chair: Fritz Scheuren, NORC at the University of Chicago
Moderator: Britta Gauckler, Eurostat

Use of Adminstrative Sources for Censuses — Merits and Challenges
Lars Thygesen, Statistics Denmark

The Irish Statistical System and the emerging Census Opportunity
John Dunne, Central Statistics Office Ireland

How to change a traditional census? Options and progress on the use of administrative data in New Zealand’s census
transformation programme
\Christine Bycroft, Statistics New Zealand

E\

/Session 12B - ESTIMATION
Chair: Didier Dupré, Eurostat

Variance Estimation in Complex Sampling Designs: The Finite Population Bootstrap Using Pseudo-Populations
Quatember Andreas, Johannes Kepler, University Linz

An R Library to construct empirical likelihood confidence intervals for complex estimators
Yves Berger, University of Southampton

Design-based confidence intervals and significance test for regression parameters using an empirical likelihood approach
Melike Oguz Alper, Yves G. Berger, University of Southampton

A multivariate Regression Estimator for Rotating Surveys
Karen Caruana, Yves.G Berger, University of Southampton

Estimation from Contaminated Multi-Source Data Based on Latent Class Models
kUgo Guarnera, Roberta Varriale, Istat j




PROGRAMME

/Session 12C - NATIONAL ACCOUNTS AND INDICATORS m

Chair: John Verrinder, Eurostat

A web-semantic data-warehouse approach to the compilation of national accounts: a test case on European National Accounts
Francois Libeau, Hendyplan; Roberto Barcellan, Eurostat; Bo Sundgren, Stockholm University; Dominique Ladiray, INSEE;
Boris Motik, Oxford University

An Analysis of Household Debt using the Linkage between Micro and Macro Balance Sheet data
Juha Honkkila, Ilja Kristian Kavonius, Statistics Finland

Households in Europe in years of economic crisis
Leonidas Akritidis, Filippo Gregorini, Eurostat

Summarizing Data using Partially Ordered Set Theory: An Application to Fiscal Frameworks in 97 Countries
Julia Bachtrogler*; Harald Badinger* **; Aurélien Fichet de Clairfontaine, Wolf Heinrich Reuter*
*Vienna University of Economics and Business, **Austrian Institute of Economic Research

A step towards communicating with indicators
Justyna Gustyn, Central Statistical Office of Poland

L

J
\ 16:00-16:30 (Coﬂ"ee break “
\\_ 16:30-17:45 (Session 13A - BIG AND GEOSPATIAL DATA m

Chair: Piet J.H. Daas, Statistics Netherlands
Moderator: Albrecht Wirthmann, Eurostat

Geostatistics Portal — a platform for statistical data geovisualization
Mirostaw Migacz, Central Statistical Office of Poland

Experiences using LUCAS data in Finnish Land Cover monitoring — Current activities and future plans
Markus Torma, Elise Jarvenpad, Pekka Harmd, Lena Hallin-Pihlatie, Suvi Hatunen, Minna Kallio, Finnish Environment Institute
SYKE

Forecasting skyrocketing unemployment with big data
Maria Rosalia Vicente, Ana JesUs Ldpez, Rigoberto Pérez, University of Oviedo

High frequency road sensor data for official statisitics
Marco Puts, Piet Daas, Martijn Tennekes, Statistics Netherlands

Projection of road sensors to the Dutch road network
Martijn Tennekes, Marco Puts, Statistics Netherlands

An exercise in producing flows statistics from big data sources
Cilar Rey del Castillo, Vidal Miguel Lazaro Toribio, Eurostat

J
(‘session 13B - CENSUS APPLICATIONS m

Chair: Michael Neutze, Destatis

Weighting classes versus Dual System Estimation for population estimates using a census or administrative sources
Owen Abbott, Helen Ross, ONS

Population size estimation with different imputation techniques for incomplete covariates
Susanna Gerritse, Utrecht University; Bart FM. Bakker, Statistics Netherlands, VU University Amsterdam; Peter G.M. van der
Heijden, Utrecht University, University of Southampton

Measuring Uncertainty in ONS population estimates: capturing variability in statistics from combinations of census,
administrative and survey sources
Katy Stokes, ONS

Creating a new framework for census workplace data
David Martin, Samantha Cockings, Andrew Harfoot, University of Southampton; Bruce Mitchell, lan Coady, ONS

Uncertain population forecasting: A case for practical uses
Jakub Bijak, Isabel Alberts, Juha Alho, John Bryant, Thomas Buettner, Jane Falkingham, Jonathan J. Forster, Patrick Gerland,
Thomas King, Luca Onorante, Nico Keilman, Anthony 0’Hagan, Darragh Owens, Adrian Raftery, Hana Sevcikovd, Peter W.F. Smith

Mass appraisal at the Census Level-Israeli Case
Qarisa Fleishman, Yury Gubman, Central Bureau of Statistics in Israel /

/Session 13C - SURVEY INTEGRATION, COORDINATION AND ALIGNMENT m
Chair: Martin Axelson, Statistics Sweden

A European toolbox for a modular design and pooled analysis of social survey programmes
Martin Karlberg, Fernando Reis, Cristina Calizzani, Fabrice Gras, Eurostat

Sampling coordination of business surveys: a new method implemented at INSEE
Emmanuel Gros, INSEE

Avoiding duplicate collection of flow data: estimating intra-EU inbound tourism using partner data
Christophe Demunter, Krista Dimitrakopoulou, Eurostat

The harmonisation of mirror data using simultaneously estimated accuracies
Arie ten Cate

Aligning estimates from different surveys using Empirical Likelihood methods
Ewa Kabzinska, Yves G. Berger, University of Southampton
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“~_ 18:00-20:00

“~_ 18:30-20:00

/Session 14A - HORIZON 2020 NETWORKING SESSION m
Chair: Martin Karlberg, Eurostat

Receptivity and knowledge transfer in statistical governance issues in international context
Marika Pohjola, University of Tampere

Webdatanet & Master in Webdatametrics Web based Data Collection and Analyses
Pablo de Pedraza, University of Amsterdam (UVA)

MINTSE-NET (Minimize Total Survey Error Network)
Marc Plate, Statistics Austria

Linked Open Statistics Infrastructure
Efthimios Tambouris, University of Macedonia and ITI-CERTH

Linking spatial monitors: Geospatial indicators as Linked Open Data
Anuja Dangol, SADL (KU Leuven)

Cohesion Policy, Regions, and the Perception of Europe
Maria Rosalia Vicente, University of Oviedo

The unit problem in official economic statistics
Boris Lorenc, The unit problem in official business statistics

Tailored motivation of business respondents (Improving data collection by soft computing)
Miroslav Hudec, University of Economics in Bratislava

Estimation of Behavioral Parameters of CGE Models For the 28 EU Countries
\Second Bwanakare, University of Information Technology and Management in Rzeszow

/Session 14P - POSTER NETWORKING SESSION “

Informal settlements in Eqypt, 2011-The case of Al-Duwika Zone
Dalia Galal ElAbady, Central Agency for Public Mobilization and Statisitics

Visualisation of macroeconomic indicators in maps with R
Jan-Philipp Kolb, Gesis — Leibniz Institute for the Social Sciences

Towards better communication channels
Agnieszka Mraz, Central Statistical Office Poland

On estimation of polish real estate market characteristics using Internet data sources
Maciej Beresewicz, Poznan University of Economics, Statistical Office in Poznan

EMIR data from trade repositories as a new source of OTC CDS data
Grzegorz Skrzypczynski, Linda Fache-Rousova, Matgorzata Osiewicz, European Central Bank

Data Integration: an Application of a Spatially-Adjusted Regression Tree Model
Lisa Borsi, University of Trier; Rebecca C. Steorts, Carnegie Mellon University; Ralf Minnich, University of Trier

Quality, analytic potential and accessibility of linked administrative, survey and publicly available data
Manfred Antoni, Alexandra Schmucker, Research Data Centre (FDZ) of the German Federal Employment Agency (BA) at the
Institute for Employment Research (IAB)

Challenges of linking statistical data and phonetic pronunciation software. Case study: problem of regular statistics
establishments’ frames in Egypt
Nehall Ahmed Farouk Mohamed, CAPMAS, Egypt

Estimation of Economic Performance Indicators for the Agricultural-Food Sector Through Integration of Surveys and
Administrative Sources
Gismondi Roberto, Alfredo Cirianni, Paolo Righi, Istat

Early material deprivation statistics
Sigita Grundiza, Eurostat

Weighting procedure in SILC and its effect on variance estimation
Emanuela Di-Falco, Emilio Di Meglio, Eurostat

Use of new technique to measure wellbeing index for North Africa countries (A comparison study)
Mahmoud Mohamed Elsarawy, Central Agency for Public Mobilization and Statistics

Estimation of the at-risk-of-poverty rate from interval data
Simon Lenau, Ralf Munnich, University of Trier

Optimum allocation of variables in a modular survey architecture
Evangelos loannidis, Athens University of Economics and Business; Fernando Reis, Cristina Calizzani, Fabrice Gras, Martin
Karlberg, Eurostat; Takis Merkouris, Athens University of Economics and Business; Michalis Petrakos, Photis Stavropo, Agilis SA;
Li-Chun Zhang, University of Southampton and Statistics Norway

Unit non-response in household wealth surveys: experience from the Eurosystem’s Household Finance and Consumption Survey
\Guillaume Osier, European Central Bank )

(Networking Cocktail q




Thursday 12 March 2015

Session 15A - THE IMPACT OF THE DATA REVOLUTION ON OFFICIAL STATISTICS
Keynote address by Rob Kitchin, Professor at the National Institute
of Regional and Spatial Analysis, National University Ireland Maynooth

09:00-09:45

Chair: Evelyn Ruppert, Goldsmiths University of London
Moderator: Albrecht Wirthmann, Eurostat

\ 09:45-10:15 (Coﬂ"ee break
\ 10:15-11:15 /Special 16A - LEVERAGING THE POTENTIAL OF LINKED (OPEN) DATA

Session IN STATISTICS

Session organiser/chair: Carola Carstens, Directorate-General CONNECT, European Commission
Moderator: Bogomil Kovachev, Eurostat

ICT Tools for statistical linked open data: The OpenCube toolkit
Efthimios Tambouris, Evangelos Kalampokis, Konstantinos Tarabanis, University of Macedonia and ITI-CERTH, Thessaloniki,
Greece

Official Statistics meets the Semantic Web: how SDMX and RDF can live together
@aﬁaella Maria Aracri, Stefano De Francisci, Andrea Pagano, Monica Scannapieco, Istat /

/Special 16B - ADVANCES IN SMALL AREA ESTIMATION WITH APPLICATIONS - m
Session PART |

Session organiser/chair: Risto Lehtonen, University of Helsinki

Poverty mapping at a local level with suitable modelling of income
Isabel Molina, Universidad Carolos Il de Madrid

Small area estimates of income: means, medians and percentiles
Alison Whitworth, Kieran Martin, ONS; Nikos Tzavidis, University of Southampton; Marie Cruddas, Christine Sexton, Alan Taylor,
ONS

Comparing small area estimation methods for poverty indicators in the municipalities of Minars Gerais State
Solange Correa, University of Southampton; Debora Souza, Nicia Brandolin, Viviane Quintaes, Djalma Pessoa, Brazilian Institute

of Geography and Statistics
N J
/Session 16C - QUALITY OF ADMINISTRATIVE AND MULTISOURCE DATA m

Chair: Jean-Pierre Poncelet, Eurostat

Analysing whether sample survey data can be replaced by administrative data
Arnout van Delden, Reinder Banning, Arjen de Boer and Jeroen Pannekoek, Statistics Netherlands

Modelling Measurement Error to Estimate Bias in Administrative and Survey Variables
Sander Scholtus, Bart B M. Bakker, Arnout van Delden, Statistics Netherlands

Measuring the quality of multisource statistics
Sorina Vaju, Mihaela Agafitei, Fabrice Gras, Wim Kloek, Fernando Reis, Eurostat

An ontology-based approach to administrative data sources’ documentation and quality evaluation
\Giovanna D’Angiolini, Pierina De Salvo, Andrea Passacantilli, Edoardo Patruno, Teresa Saccoccio, Istat /

“\\_ 11:30-12:30 (‘Session 17A - ASSESSMENT OF BIG DATA m

Chair: Fernando Reis, Eurostat
Moderator: Christophe Demunter, Eurostat

Profiling big data sources to assess their selectivity
Piet Daas, Joep M.S. Burger, Statistics Netherlands

Analysis of the potential of selected big data repositories as data sources for official statistics
Michalis Petrakos, Anais Santourian, Gregory Farmakis, Photis Stavropoulos, Georgia Oikonomopoulou, Eleni Ntakou, Alexandra
Trampeli, Marina Koumaki, Agilis SA

A suggested framework for national statistical offices for assessing the quality of big data
Task Team on Big Data Quality

Proposal for an accreditiation procedure for big data sources
\Albrecht Wirthmann, Eurostat; Photis Stavropoulos, Michalis Petrakos, George Petrakos, Agilis SA /
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. 12:30-14:00
. 12:30-14:00

. 13:15-13:55

~\_ 14:00-15:00

/Special 17B - ADVANCES IN SMALL AREA ESTIMATION WITH APPLICATIONS - m
Session PART Il

Session organiser: Risto Lehtonen, University of Helsinki
Chair: Monica Pratesi, University of Pisa

Estimating regional ARPRs in a border region
Ralf Munnich, University of Trier

Theoretical and practical aspects of mapping poverty in Poland using SAE methods
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1. INTRODUCTION

There are over 100 billion searches on Google every month. [1] Could data from Google
searches help to predict the unemployment rate in Finland?

Predicting the present and the near future is of interest, as the official records of the state
of the economy are published with a delay. Furthermore, the data are subject to revisions,
sampling variation, and measurement error. It would be helpful to have more timely
information on unemployment, especially during an economic crisis. From a policy
perspective, more accurate knowledge could inform better decisions that might help to
reduce the unemployment.

Data on Google searches are publicly available in real-time. Real-time information might
help to nowcast the present unemployment rate, which is uncertain. Furthermore, Google
search queries might be associated with the future expectations and thus help to forecast
the future unemployment.

To answer these questions, this paper compares a simple univariate autoregressive model
of unemployment to a model that contains a variable, Google Index, formed from Google
data. In addition, cross-correlation analysis and Granger non-causality tests are
performed. Furthermore, to study the robustness of the results, I explore the sensitivity of
the findings to the selected search terms. The Google Index is constructed from the
Google data using approximately 2 million [2] search queries that are related to search
for unemployment benefits. The underlying idea is that Google searches in these topics
might be related to actual filings for unemployment benefits. Moreover, the Internet
plays an important role in the labor market [3—5]. That is why Google searches might be
able to offer information especially on the unemployment rate. To be clear, I do not claim
any clear causality in this paper. However, Google searches might offer a signal on the
future unemployment rate. A new data set could also offer new insights on the
unemployment.

Previous literature suggests that Google searches could be useful in predicting the
unemployment rate in Germany [6], the United Kingdom [7], the United States [8], and
predicting the initial claims for unemployment in the United States [9]. This paper offers
an extensive review of the literature on forecasting with Internet search data. In
summary, the previous studies on Internet searches hint that the variation in volumes of
Internet search terms could reveal intentions or sentiment of the population that uses the
Internet. However, the topic is still relatively little studied. Previous results serve as a
motivation to study further the possibility to use Google searches for predicting the
unemployment rate, in this case in Finland. This is the first paper to use Google data to
study the Finnish economy.

' The Research Institute of the Finnish Economy and the University of Helsinki.
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2. METHODS

The primary data sources for this paper are Google Trends database by Google Inc. and
the Labor Force Survey published by the Statistics Finland. Google Trends measures the
incidence of specific search terms on Google compared to other searches terms. To my
knowledge, this is the first paper that additionally provides statistics on the actual search
volumes on Google. Although there have been efforts to use the data on Google searches
in economic research, the Google data has not been well documented. This paper fills
this gap by offering a careful documentation and a discussion on the Google data.

This paper uses an extended version of the methods initially suggested by Choi and
Varian [9] and Goel et al. [10] to find out whether Google searches predict the
unemployment rate in Finland. In summary, I construct a one single Google Index that
will simultaneously describe the evolution of several search terms that are related to
unemployment, such as “unemployment benefits”. Figure 1 describes the evolution of
Google Index and the unemployment rate 2004—2014. The search terms are selected
based on prior knowledge of the labor market. Google Index is available in real time,
while the unemployment rate is only available after the end of each month. This gives the
Google data a meaningful forecasting lead.

Figure 1. Evolution of Google Index and the unemployment rate in Finland 2004—
2014. Source: Statistics Finland and Google Trends.

I apply standard ARIMA model selection procedures and select seasonal AR(1) model as
a benchmark for predicting the unemployment rate. Then I add the most recent value of
Google Index to the model as an additional predictor. Finally I compare the properties of
the two models. In specific, I study how the out-of-sample forecasts improve, measured
by mean absolute error using a rolling window forecast. For each prediction I compare
dynamic forecasts that contain the most recent information available at the date of
prediction. I study particularly the turning points since they are hardest to forecast. Last |
run Granger non-causality tests and study the cross-correlation function.

One concern would be that the results were very sensitive to the choice of the set of
search terms. I explore this sensitivity by estimating the models with different search
terms.
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3. RESULTS

The results tell that a simple time series model extended with Google data predicts the
unemployment rate better than the same model without data on Google search volumes.

Table 1 summarizes the out-of-sample nowcasting and forecasting accuracy of the
benchmark (0.0) and the extended models. Compared to a simple benchmark, Google
search queries improve the prediction of the present by 10% measured by mean absolute
error. Moreover, predictions using search terms perform 39% better over the benchmark
for near future unemployment 3 months ahead. The paper also suggests that Google
search queries tend to improve the prediction accuracy around turning points.

Table 1. Nowcasting and forecasting accuracy of the benchmark and the extended
models.

The estimation results of the models support the findings. The coefficient of the present
Google Index is statistically significant at 1% level and it has a positive sign, which
means that the searches related to unemployment benefits are positively connected to the
present unemployment rate. More to the point, the coefficient is 0.0056, which means
that 1% increase in current search intensity is associated with 0.5% increase in current
unemployment rate.

Extending the benchmark model with Google Trends data increases the coefficient of
determination by 14.8% and decreases the values of both Akaike and Bayesian
information criteria. These findings suggest that the Google searches offer useful
information in explaining variation of the unemployment rate.

The correlation coefficient between monthly unemployment and Google Index is 0.87. 1
observe that the cross-correlation coefficients between present unemployment volumes
and past Google searches appear to be larger than the coefficient of the opposite case. In
other words, the Google Index presents a classic pattern of a leading indicator. According
to the Granger non-causality test, Google searches offer useful information in predicting
the unemployment rate. In contrast, the lagged values of unemployment rate do not seem

to offer useful information in predicting the Google searches.
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The results indicate that Google searches might offer genuinely new information on the
unemployment that is not already included in the unemployment series itself. Robustness
checks suggest that the results are not sensitive to the selected search terms.

4. CONCLUSIONS

I have found that a simple seasonal first-order autoregressive model, which includes
relevant Google variables, tends to outperform models that exclude these predictors in
predicting the unemployment rate in the short run. Moreover, joint analysis of the series
suggests that the changes in Google searches, which are related to unemployment
benefits, more often than not precede the changes the unemployment rate. The results are
in line with the previous findings on Google searches and the unemployment [6-9].

As a result, the Research Institute of the Finnish Economy has launched a trial for a real-
time forecast model ETLAnow that automatically predicts the unemployment rate for
three months ahead using data from Google Trends and Statistics Finland, publishing the
results every morning. Currently we are building a model that would predict the
unemployment rate for each EU-28 country in real-time using big data.

The results suggest that Google searches could offer useful information for predicting the
Finnish unemployment rate. The results also demonstrate that big data can be utilized to
forecast official statistics.
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1. INTRODUCTION

The values of attributes are not always known with sufficient precision to justify the use
of traditional relational databases to store these data [1]. Many data are fuzzy either by
their nature [2] or caused from the non-ideal measuring [3]. The fuzziness is amplified
when both types appear. Therefore, we should not neglect these facts. The same holds for
collecting information and knowledge. Knowledge collected by experts often contains
elements of uncertainty [4]. This information should be considered in knowledge
management systems and recommender systems.

Our main objective is constructing environment for efficiently storing and re-using fuzzy
data. Full fuzzy databases [5] are sophisticated, but we see the lack of practical
applications and tools. On the other hand, relational database management systems are
well developed and broadly used. Hence, adding fuzziness into statistical relational
databases is a promising way. In our work we have started with analyzing approach
initially suggested in [6] and continued with creation of adjustments and improvements
in order to be useful for official statistics. Keeping integrities of the relational model, we
could be able to store, update, disseminate and delete data by SQL like queries [7].

2. Fuzzy pATA

The fuzzy set theory [8] provides a robust framework for systematically handling
uncertainty based on fuzziness. In the fuzzy set theory belonging to a set is a matter of
degree. A fuzzy set 4 over the universe of discourse X is defined by function w4(x) that
matches each element of the universe of discourse X with its membership degree to the
set A in the following way:

1 () X —> [0,1]

Concepts like medium value or value close to a, where a is a real number are expressed
by triangular or trapezoidal fuzzy sets (Figure 1a and Figure 1b respectively). High value
is expressed by linear gama fuzzy set (Figure 1c) whereas small value is explained by L
fuzzy set (Figure 1d). Finally, we should consider single value of fuzzy data as singleton
fuzzy set (Figure le).

3. FUZZINESS IN THE REAL WORLD

Many data are fuzzy either by their nature, caused from the tolerance level of instruments
for measuring and as a result of respondents’ estimation. For example “environmental
data, quality of life data and measurements of continuous one-dimensional quantities
cannot be adequately expressed by crisp (sharp) numbers.” [2] A good example of the
first type is the flooded level marked on a wall illustrated in Figure 2. Where exactly to

University of Economics in Bratislava, Faculty of Economic Informatics, Bratislava, Slovakia



measure this value in order to ensure that similar entities will be similarly treated? By
fuzzy data (right side in Figure 2) we could avoid this problem.

Alx) Ax)

a) triangular X b) trapeziodal ¢) linear gama

1

=

¢) singleton

Figure 1. Fuzzy sets

wall

definitely dry

[
|

b
flooded level
(cm)

Figure 2. Level of flood as a fuzzy set

We should keep in mind that the measurement made by a measuring instrument is
usually approximate due to the tolerance interval. It means that the precise value is
somewhere in the (small) interval [a, b], i.e. u(x) =1 forx e[a, b].

People measure (guess) values often by estimation. For example someone could declare
that speed was approximately 100 km/h but for sure not lower than 90 km/h and not
higher than 110 km/h. This uncertainty could be managed by triangular fuzzy set (Figure
la). Respondents often estimate answers even for open ended questions. Furthermore, it
could be useful to allow skilled interviewers to remark relevance of answers or the
credibility of surveyed person.

Another example is expressing staff knowledge about solving tasks and how to reveal
appropriate solutions for new tasks. Similarity of task and collected information is under
consideration in the fuzzy recommender systems [9].

The following question arises: Why we should manage fuzzy data? We could just select
one crisp value as a representative of measured value. In could cause some unexpected
results and the differently treatment of similar entities [1], [5], [10].

4. FUZZY DATA IN RELATIONAL DATABASES

Fuzzy meta model keeps all relevant fuzzy data and manages links to relational tables of
real entities [1], [6]. The logical model of a municipal statistics database is shown in
Figure 3. Each fuzzy value or linguistic term is represented by membership function. For
example, the table trapezoidal has the following attributes (fuzzy id, a, b, c, d) in order to
manage storing trapezoidal fuzzy data (Figure 1b). In the same way we construct other



relational tables for storing other types of fuzzy data. In the table territory columns
flooded and pollution do not store real values but foreign keys to the respective tables
where real values are stored as fuzzy. In this way relational database is capable to store
fuzzy data and meet integrity rules.

territory
K id_ter Integer

PG il typeTnteger |

sarne Varchar

i allitude Doybie
FK | floaded Integer | }....-

is_fuzzy [E— L T LR 2
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b Pouble L mbouble | b Double

Fig.3. Fuzzy data of territorial units in relational database [1]

The size of stored data is affected by number of fuzzy attributes (columns) and types of
fuzzy sets. In the extreme situation all » attributes (excluding primary key) for all m
entities are fuzzy of trapezoidal form. Therefore, the size of database is 9(m-n) [1].
Anyway, user should carefully decide which attributes should be stored as fuzzy and in
which form. The validation rules warn users if they want to input values in inappropriate
fuzzy set. Keeping in mind this deduction, we could say that the size of fuzzy relational
database could be significantly lower than this extreme situation.

Possibility and necessity functions [5] allow us to e.g. calculate the possibility that fuzzy
data pollution about 20g belongs to the concept small pollution. It is useful in querying,
disseminating and data processing. In mining summarizing information we could keep in
mind disclosure control [10].

Moreover, relational databases could be straightforwardly extended to manage fuzzy
data. In case of fuzzifying existing attributes having already collected values, they should
be migrated to fuzzy data (of singleton type). New values could be collected as fuzzy.

We are now considering storing and managing fuzzy information expressed by linguistic
terms for knowledge management. Merging this approach and approach discussed in [11]
might be promising but definitely, further research is required.

5. FUZZY DATA IN STANDARDS FOR DATA EXCHANGE

Another interesting question is exchange of uncertain data and information among
statistical organizations if needed. Standards like e.g. SDMX and DDI [12] could be
utilized for this purpose. If we drew analogy between model explained in Figure 3 and
the above standards then it implies that we could add tags on two levels. On the attributes
level we should add tag which informs users that this attribute contains fuzzy
information. For each observation we should add tags explaining type of fuzzy
information (fuzzy set) and parameters of fuzzy set. Currently, these tags does not exist
but they construction could be possible if institutions decide to use fuzzy data.



6. CONCLUSION

It should not be neglected that many real data of statistical interest are fuzzy. Crisp
values cannot be always ideally measured or estimated without lost of relevant
information. Therefore, we need an efficient way for storing them and re-using in variety
of analyses. Account on that, our work was focused on managing fuzzy data in relational
databases.

We have solved the task by additional tables (fuzzy meta model) and have created
validation rules. Each fuzzy data is represented by parameters of respective membership
function. Therefore, mapping data into standards for data and metadata exchange could
be promising. Number of fuzzy attributes and types of fuzzy sets affects size of the
database and search time. Therefore, users should reasonably decide which attributes
should be managed as fuzzy.
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1. INTRODUCTION

The issue of the full use of the labour has been widely debated in economics. From
The General Theory of Employment, Interest and Money ([1]) to the Human Capital
Theory ([2]) and to the modern theories of economic growth ([3], [4]) there has been
built a quasi—consensus regarding the importance of labour force. Following this
dominant trend in the literature, the economic policies made a priority of the full
exploitation of human resources’. However, rarely labour markets in developed countries
were close enough to the goal of full employment. Beyond the multiple nuances and
definitions of the "full employment" objective, the literature raises a multitude of
reasons: wage rigidities, labour market failures, macroeconomic structural imbalances,
conflicting objectives of the economic policy mix, poor labour market regulations and/or
excess/deficit of regulations etc. And yet, there is still one fundamental question that
cannot be avoided: why do some countries manage to record significantly higher
employment rates than others?

The authors analyze a set of data taken from Eurostat on the extent and
characteristics of the self-employment phenomenon in the EU, comparing the
performance of the Member States in this field. In order to validate the results of this
analysis there was designed a logistic regression model based on data from a Euro-
barometer survey. Thus, the key factors that support the development of the self-
employment phenomenon were identified, analyzing a few ways to stimulate them.
Special attention was paid to education, where the EU also records a poor performance
compared to the USA and Japan. The analyses were customized for Romania, as a new
member of the EU, rigorously assessing its chances to achieve the objectives of the
Europe 2020 Strategy in the field of employment.

2. METHODS

The starting point in our analysis is given by the employment gap between the EU
and the U.S.A. and Japan. In Europe 2020 Strategy, the E.U. recognizes that "only two-
thirds of our working-age population is currently employed, compared to over 70% in the
US and Japan." To cover this deficit, the EU sets an ambitious target for employment of
75% by 2020. At the moment, there are significant differences between the Member
States regarding the actual employment rate and the target proposed for 2020. Only three
countries (Denmark, the Netherlands and Sweden) took a target for employment rate of
80%, as they reach this performance at present, too (79.8% - Sweden, 76.5% - the
Netherlands and 75.6% - Denmark). The good part of this picture is that in 2020, 22 of
the 28 EU Member States will exceed the current level of employment rate in the USA

! Bucharest University of Economic Studies
National Scientific Research Institute for Labour and Social Protection
? Bucharest University of Economic Studies

* Europe 2020 Strategy, ,,Europe needs to make full use of its labour potential to face the challenges of an
ageing population and rising global competition.”
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and Japan. Considering that self-employment could be an alternative to improve the
employment rate, the authors analyzed the factors that stimulate this phenomenon.

2.1 Testing incentive factors of self-employment

The analysis is based on data obtained from a survey — the Euro-barometer
"Quality of Life in European Cities" - conducted during November-December 2012. The
survey was conducted on a sample of 22,683 people in 83 cities in the Member States of
the European Union and Croatia, Turkey, Iceland, Norway and Switzerland. In Romania
people were interviewed in Bucharest, Cluj-Napoca and Piatra Neamt. The following
characteristics were selected from the Euro-barometer database: age, gender, residence,
level of education and employment status. The econometric analysis applied to the
sample data was to identify the impact that the variables selected have on the self-
employment option. The professional status was determined based on the variable that
refers to the respondent's occupation — he/she was asked about his/her occupation at the
time of the interview. The original variable was post-coded, yielding only three
categories: employed, self-employed and unemployed. The unemployed respondents
were eliminated, and the econometric estimation was carried out on the employed sample
in terms of labour market. Thus, a new variable was designed — a binary variable that
takes value 1 if the person is self-employed and 0 if the person is employed. Since the
dependent variable is a binary variable, we used a logistic regression model. Basically,
the logistic regression model describes a non-linear relationship between the binary
variable Y and k explanatory variables X;,Xs,...,Xx.

The logit model is described by the relationship:

1

*(ﬂo*thlﬂjxi,j)

p: =

1+e

If a logistic transformation is applied to the equation above the result is the linear
relationship between logit(p;) and the explanatory variables:

logit (p;)= log[%j = fo+ > Bix,,

This last equation is called the logit form of the model where logit(p;) is the
logarithm of the likelihood of an event to happen with respect to the explanatory
variables.

In our analysis we considered the binary variable as a dependent variable
corresponding to the status on the labour market (SE), which takes value 1 if the person
is self-employed and 0 if the person is employed. The chosen explanatory variables are:
age group, area of residence, gender and the last school graduated. All variables are
binary.

3. RESULTS

The binary variables used with the logistic regression were coded as follows:

se = self — employed (dependent variable)

male = masculine gender, compared to the feminine gender

age 15 24, age 35 44, age 45 54, age 55 6, over_age 65 = age groups, compared to
the 25-34 age group

urban = urban area, compared to rural area

isced 1_2,isced 5_6 = education levels, compared to the iscead 3_4 education level.

still = still in school



Table 1. The results of the logistic regression analysis

Logistic regression Number of obs = 22683
LE chi2(10) = 514.2¢

Prob » chi2 = 0.0000

Log likelihood = -10523.812 Eseudo R2 = 0.0372
1= Coef. Std. Err. z Ex|z| [95% Conf. Intervall]

male . 656179 .03557¢ 18.44 0.000 .5864513 . T25%068
age_15_24 -.2123424 .059055 -2.35 0.01% -.38%8171 -.0348¢67Te
cgs_35_44 .3272443 .0516622 6.33  0.000 .2259884 .4285003
age_45_54 .5092524 .0518912 9.81 0.000 .407547¢ .e109573
age_55_64 .6465205 .0587183 11.02 0.000 .531834% L.TB20062
owver_dage_&5 1.599%654 .05942745 16.97 0.000 1.41430% 1.7844¢
urban .15045%4 .07445938 2.02 0.043 .0044543 .2%964 645

isced 1-2 -.0083872 .08e%229 -0.10 0.923 -.178753 .1615785
isced 5-4 .3065565 .039384¢% T.78 0.000 .2293041 .38374%9

still .2532513 .1218862 2.08 0.038 .0143588 .4921437

cons -2.537502 .0882487 -28.75 0.000 -2.71046¢ -2.364537

The logistic regression analysis (table 1) highlighted the following aspects:

- In terms of gender, men are about 65.6% more involved in self-employment than
women. The result is natural since women are more involved in household chores,
raising children or part-time jobs that do not affect the household time.

- In terms of age group it can be observed that the phenomenon of self-employment
is increasing with age. Compared with those in the 25-34 age group those in the 15-
24 age group have less chances of being self-employed because they are less present
on the labour market since they are focused on graduating and they do not have
accumulated enough knowledge to become self- employed. The age groups 45-54
and 55-64 have more than 50% chances of being self-employed, and this could
signal an adaptation to the employers’ behaviour who tend to substitute the
expensive labour force (seniors) with the cheaper one (juniors). This type of
behaviour has increased during the economic crisis and it is perfectly rational
considering the optimization paradigm used by the producer (substitution effect of
the production factors). At the age group of over 65 the chances are even higher
because of the need to supplement income, which is a reaction to the undesirable
tendency to extend the active age (retirement).

- In terms of the area of residence, those in urban areas are more likely to be self-
employed, due to the fact that urban areas offer more opportunities for self-
employment development.

- Depending on the level of education, it is clearly that those with higher education
(ISCED 5-6) are more likely to be self-employed, indicating that self-employment
activities are more often than not intensive in human capital.

4. CONCLUSIONS

The issue of employment is a key strategic goal of the E.U. However, the Europe
2020 objective to reach an employment rate of 75% is rather challenging, since very few
countries have assumed it. Based on the analysis of the Eurostat data on employment the
authors concluded that the starting level in the new period for the E.U. (2013-2020) is
very different in terms of employment rate, since only 9 of the 28 member states exceed
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the level of employment of 70%. As an alternative to increase the employment rate, self-
employment varies greatly by age, gender, field of activity and level of education. Thus,
the complex nature of self-employment causes considerable challenges in developing
economic policy measures and requires a clear understanding of the mechanisms behind
self-employment. This knowledge is essential to allow an accurate definition of a
coherent set of measures in order to induce and support the transition to self-employment
while ensuring an efficient allocation of public resources.

The analysis based on logistic regression performed on the sample of the Euro-
barometer "Quality of Life in European Cities" shows that the most important factors in
the trend towards self-employment are: age (experience), gender (male), education level
(ISCED 5 -6) and area of residence (urban).

The countries are different with respect to the phenomenon of self-employment. We
make an analysis based on data obtained from a survey — the Euro-barometer "Quality of
Life in European Cities" and these types of data not allow us to analyze each country. We
will intent to extend our analyze using other type of data from Eurostat database, to
capture the differences for each country.
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1. INTRODUCTION

This paper applies the non-extensive entropy econometrics approach [1] for estimating
parameters of constant elasticity of substitution (CES) production models of Germany (GER),
France (FR), and the United Kingdom (UK). Conceptually, CES models belong to the class of
stochastic non-linear inverse problems displaying power law (PL) properties. The applied
technique is based upon the g-generalized Kullback-Leibler (K-L) information divergence
under constraining information related to the Bayesian information processing optimal rule.
This work considers PL-related non-extensive entropy to remain valuable even in the case of
low frequency series since the outputs provided by Gaussian law correspond to the limiting
case of Tsallis entropy when the Tsallis g-parameter equals unity. Since a number of complex
phenomena exist involving long-range correlations, still observable when data is time (or
space) scale-aggregated—this may be the case for CES functions—this represents another
argument in favour of applying Tsallis non-extensive entropy formalism. The approach leads
to robust estimates for these nonlinear—analytically intractable—functions in each of the
considered countries. Outputs from some traditional econometric techniques like the nonlinear
least squares(NLLS) or the generalized method of moments(GMM) approaches are also
presented.

2. METHODOLOGY
2.1. Relation between PL and a CES production function

As shown in [1], the connection between a two factor CES production model[2] and PL is
direct. Explaining the gross domestic product (74, ) using two classical factors: labor (L, ) and

capital (K, ) and aggregating components of a classical CES model into one variable without
conserving additivity, one gets a generic case of a PL of the form:

va, :a[/ik;p +1]_;e£’ = Bk, e )

where, in this case, the endogenous variable V4 s the product per capita. Parameter f3

represents a general level of technology. The variable k, stands for a capital coefficient. The
exponent | belongs within the interval (=1, ) and defines a per capita product elasticity

with respect to the capital coefficient. The random term i , itself, is assumed to follow PL
structure. Index ! means time period. As far as relationships between a PL and non-extensive
Tsallis entropy is concerned, see e.g. [3]. The proposed model generalizes the statistical
theory of information [4] approach to non-ergodic systems, i.e. those with dynamically
correlated micro-states, thereby suggesting the Tsallis ¢ -parameter different to unity.
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2.2. The model estimation

We directly present below the model under a reparameterized form. In Tsallis statistics, there
exist a few similar forms of constraint distribution in moments. If we use the one proposed by
Curado-Tsallis[5], the non-extensive cross-entropy (NCEE) econometric model can be stated
as:

Jao, [T -
Mi”Hq(a//ao,p//p",r//r")za[Za/m["fmaofm]

qg-1
s.t.: (2)
g q
J VW, I (32 p0) ! (Y2,0,9) N
VA=Y g,a,") -~ Y eb L A=Y K |+ 5z, G)
j=1 (Zv p D) i=1 i=1 =
,n:I m m
J M
Zj>24..M aj =1 Zm>2mM pm = 1 (4)
1
Zi>2,“1 bi = 1 (5)
ZH w, =1
h>2..0 (6)

For reasons of formal presentation, the criterion function (Eq. 2) does not include probabilities

h, explaining degree of economy changing to scale, and b , the parameter of distribution
between factors. In order to improve the estimated pararneter quality through a convex
solution space and depending on existing economic theory, additional a priori information

should be added to (2)-(6). G.z,1 support spaces are included in the general support space
for all the parameters of the constraining equation system. Here one presents how has been
specified this particular model and not a general rule of specification. Depending on error

distribution, the weights @, B introduced in the above dual objective function may exercise a
significant impact on the model’s optimal outputs through the Lagrange multipliers. Next, the
parameter confidence area related to NCEE is a normalized entropy index with the numerator
representing the present entropy of the system and the denominator displaying its maximum
entropy [1]. Finally, as explained in [4], estimated statistics fulfill the basic Fisher-Rao-
Cramer information index properties, including continuity, symmetry, maximum, and
additivity. In fact, the g-generalization of K-L information divergence (Eq. 2) keeps the basic
estimator properties of the K-L information divergence model [6] unchanged.

3. RESULTS

The observed original statistical data comes from Eurostat. They have been deflated using
value added deflator over a nineteen-year period for three selected countries. We use a GAMS
(General Algebraic Modelling System) code to compute the model. Table 1 presents outputs
from NCEE. The index of error coefficient (EC) presented in abovementioned table varies
from one to zero, in the reverse of the traditional coefficient of determination. For clarity, it is
worth mentioning that the estimator b, is the parameter distribution related to the labor
variable. Surprisingly enough, in all three cases, the optima of the models are reached for the
Tsallis g-parameter around 7/3. In a recent work [1], as shown below in Fig. 1, the same value

1
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was found while estimating the CES production model for the aggregated economies of the 27
EU countries. Likewise, Authors [7] using different time-space scaled data have suggested the
same optimal value of Tsallis g-parameter.

Fig.1. Model error variation as a function of Tsallis q-parameter, for [1<q<2.6]

As shown in Table 2 and Table 3, outputs from classical econometric techniques(NLLS,
GMM) display lower parameter precision than the NCEE approach. Furthermore, error
distribution from the NCEE, not presented in this abstract, suggests efficient and unbiased

estimators.

Table 1. Model outputs from NCEE approach

GERMANY FRANCE UNITED KINGDON
Estimators Values |EC Values |EC values |EC
b, (constant) 2.231 2.439 2.248
b, (parameter distribution) |0.475 0.003 0.550 0.004 0.485 0.009
U (scale parameter) 1.00 1.00 1.00
o 0.005 0.005 0.005
Tsallis g-parameter value is around 7/3 for all three countries.
Table 2. Model outputs from the GMM approach

GERMANY FRANCE UNITED KINGDON
Estimators Values |[p-values |Values [p-values |Values [p-values
b, 3,369 |<0,00001 4,126  ]<0,00001 |2,446 10,47
bl 0,537 [<0,00001 |0,6642 [<0,00001 [1,826 0,808
v 0,947 1<0,00001 ]0,89 <0,00001 [1,059 10,048
o 109,008 10,59935 ]-0,002 0,975 -8,438 10,982
Table 3. Model outputs from the NLS approach

GERMANY FRANCE UNITED KINGDON
Estimators Values  T-stud Values  T-stud Values  T-stud
bo 2,023 14,201 5,222 17,862 1,71 1,521
bl 0,463 31,182 10,685 ]2,588 0,119 14,182
v 1,007 |- 0,943 |- 1,018 |-




o -1,123 |- -26,749 |- -19,347 | -
R™2 0,999 0,999 0,999

4. CONCLUSIONS

The work briefly presents additional applications of NCEE — for the econometric modelling of
instable, nonlinear models. The case study is based on the CES production models of the three
selected EU countries. Outputs from some traditional competitive approaches have been
presented too. One of the points to note is that only outputs produced by Tsallis formalism
reflect higher similitudes among corresponding parameters of the three selected countries,
characterized by relatively comparable economic attributes. Next, following comment of
section Three above, the new insight of the research is that the Tsallis g-parameter steadily
evolving over a convex space towards global minimum point of the model errors corresponds
to g-value around 2.3. Therefore, this Tsallis g-parameter value could stand for a free scale
global transition phase-point for some class of PL-driven complex systems. While potential
applications of the new approach for nonlinear modelling promise to be important, further
theoretical and empirical investigations are needed to better understand its properties and
application scope.
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1. INTRODUCTION

The FDI are regarded as a very important source that can fuel the growth of an economy,
especially by the governments of the developing countries. Moreover, the benefits
brought by FDI are very diverse and they have a significant impact in many fields. They
are regarded as a very important source for new and innovative management skills, an
important source for new jobs and sometimes for higher salaries.

The former communist countries from Eastern Europe (the eleven countries which are
now members of the European Union: Croatia, Bulgaria, Romania, Hungary, Poland,
Slovenia, Slovakia, Czech Republic, Estonia, Latvia and Lithuania) are no exception in
this regard and the FDI were and still are considered by their governments as a very
important source of capital. The level and the typology of the FDI attracted by a country
in a period could be interpreted as a very accurate indicator of the development level of
that particular economy, and sometimes of the entire socio-economic environment of that
country. Following this direction, we will try to analyze and, afterwards, provide a clear
description of the evolution of the attractiveness of the countries mentioned above, in this
regard.

Taking into consideration all the aspects presented above, we state clear that the main
goal of this research paper is to asses if convergence is being achieved in this domain
related to foreign direct investments in this part of Europe (Eastern part of the European
Union). Consequently, we will try to connect the main events which took place during
the last two decades with the evolution of the analyzed phenomena in order to identify a
pattern.

2. LITERATURE REVIEW AND GENERAL ASPECTS

Due to the fact that the FDI are a very important economical phenomena in the nowadays
reality, they receive (and they have received) a great attention in the scholarly literature.
Most of the studies dealing with FDI are concerned with the main determinants that
attract these types of investments in a host country. A large variety of studies identify
market size as a very important determinant of the FDI [1], [2], [3]. Broadman and Sun,
in a paper published in 1997, provide evidence that infrastructure is also an important
determinant of the foreign direct investments [4]. Other studies identify as important
determinants: labour market [5], research and development [6], trade openness [7], [1],
macroeconomic stability, corruption level and taxation policies. When dealing with the
disparities related with different aspects that are identified as determinants of the foreign
direct investments, most of the studies conduct the analysis at regional level [8].

' Affiliation - Bucharest University of Economic Studies, Department of Statistics and Econometrics
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Even though there are many studies which try to rank the attractiveness and the potential
of countries in attracting FDI, the rankings provided by UNCTAD have the biggest
visibility. Also noteworthy are the studies which show that the benefits brought by FDI
in a host country depend heavily on the type of investment and on the characteristics of
that economy. Following this direction, is important to mention that there is a new
current followed by scholars, who suggest that FDI are not improving the convergence
between economies, but they are rather increasing the disparities.

3. METHODS

The magnitude of the disparities registered between these countries (at the level of the
entire area), when discussing their attractiveness in the eyes of foreign investors will be
evaluated with the help of the Gini coefficient.

3.1. Data issues

The time series used in this research paper were gathered from multiple sources, and
therefore, the results need to be regarded with caution and they need to be interpreted in
the framework imposed by this limitation.

The time series for population (expressed in number of inhabitants) were downloaded
from the web site of the EUROSTAT, the GDP (expressed in US $ at constant prices
2005 and constant exchange rates) time series and the time series for FDI stocks
(expressed as % from GDP) were downloaded from the web site of UNCTAD. Due to
comparability reasons, (between economies of different size) along this research paper
we have used indicators expressed as % from GDP or as value per capita.

3.2. Methodology

In order to analyze the evolution of the indicators related with the FDI, (dynamics)
indices were used. They were also used for assessing the convergence level for each
economy. The evolution of the inequalities was analyzed using a time series of Gini
coefficients. The analysis was performed at the level of the entire area and also at the
level of three sub areas. These three sub areas were defined as follows: East-North (Pl,
Ee, Lv and Lt), East-Centre (Cz, Hr and Si) and East-South (Hu, Sk, Bg and Ro).

4. RESULTS

We have decided to conduct the main analysis using the stocks of foreign direct
investments/capita. The main reason behind this decision was to ensure a better
comparability between the analysed economies, which are of very different sizes.

Table 1. The stocks of FDI/capita (US $) for 1993 & 2013; as % from EU15*_avg

St 1993 | St 2013 | 93/2013 (%) | 93/EU15* | 2013/EU15*
Estonia 294.3 10591.0 2.78 9.34 64.97
Latvia 147.2 4421.2 3.33 4.67 27.12
Lithuania 82.9 3899.4 2.13 2.63 23.92
Poland 113.6 52444 2.17 3.61 32.17
Cz Republic 750.6 9671.5 7.76 23.82 59.33
Croatia 126.5 5854.7 2.16 4.01 35.92
Slovenia* 1609.7 5976.2 26.94 51.09 36.66
Hungary 1017.3 9482.1 10.73 32.29 58.17
Slovakia 253.9 7231.6 3.51 8.06 44.36
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Bulgaria 59.8 4687.2 1.28 1.90 28.75
Romania 23.2 2670.8 0.87 0.74 16.38

As it might be expected Romania and Bulgaria possessed the lowest FDI stocks/capita in
1993. At the end of the analysed period Romania is still on the last place with only about
68% from the stocks/capita of Lithuania (10th place) and almost 16.4% from EUI15*
average. Noteworthy is the fact that, at the end of the analysed period, Bulgaria managed
to increase its stock, so that it surpassed Latvia and Lithuania. Another significant aspect
is represented by the evolution registered by Estonia which managed to increase its
stocks /capita so that it leads the hierarchy in 2013 (it reached almost 65% from EU15*
average).

During the entire period Romania registered the highest growth rate, and Slovenia
registered the lowest one (these two economies were also ending and leading the
hierarchy in 1993). Also important to mention is that Slovenia is the only one which
presents a negative convergence index.
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Figure 1. The evolution of the Gini coefficient for the entire area

Noteworthy is the fact that the disparities (concentration) were very important at the
beginning of the studied period, when the coefficient was almost 0.6, and they have
decreased continuously until 2013, when the coefficient reached values little over 0.2.

Another important finding is represented by the fact that the decreasing trend has been
significantly affected by the global crisis and, therefore, after the year 2009 it shows
constantly values around 0.22.

Also notable is the fact that the disparities decreased in all three subareas included in this
analysis, but the rhythm is significantly different.

5. CONCLUSIONS

Before going further with the final remarks, we need to mention that, taking into
consideration the limitations imposed by the quantitative tools employed and by the set
of data used, the findings of the present study should be regarded with caution. They
should be used as basis in more complex research studies and could also be used by the



policymakers as a starting point when trying to optimize or to develop new policies in
order to increase the attractiveness of their economy for foreign investors.

The study revealed that, at the beginning of the period, Romania had the lowest stock,
followed by Bulgaria and that Slovenia was leading the hierarchy. Even though the
growth rhythm registered by Romania was the highest, due to the fact that the initial
stock was very low, it is still the last at the end of the period. On the contrary Bulgaria
had an impressive evolution, surpassing Latvia and Lithuania (the year 2013). Having a
very small growth rhythm, Slovenia is only at the middle of the hierarchy in 2013
(negative convergence index).

Noteworthy is the fact that the disparities decreased during the entire analysed period.
Also very important is the fact that the economic crisis had a significant impact on the
decreasing trend and, since 2009, the value of the Gini coefficient is somehow stable
around 0.22.
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1. INTRODUCTION

The UNECE’s project on The Role of Big Data in the Modernisation of Statistical
Production has an objective to identify, examine and provide guidance for statistical
organisations to act upon the main strategic and methodological issues that Big Data
poses for the official statistics industry.

One area of strategic importance is identified as the need to collaborate with other
organisations as the reality is that no statistical organisation alone can take advantage of
the opportunities, or respond to the challenges, that Big Data brings; even together the
industry would struggle to develop the access to data sources, analytical capability and
technology infrastructure needed to deliver Big Data strategies.

Partnership with data providers and sources is an important and often first step, but in
order to optimise the use of the data, other types of partnerships might be needed.
Statistical organisations might need to collaborate with each other but also to partner
with organisations such as academia, scientific communities, research institutes, and
technology providers, not only to develop Big Data standards, processes and
methodologies, but also to gain access to organisations with analytical capability and
access to the most advanced technology. Relationships with other stakeholders such as
those concerned with ethical and privacy issues may also be key in order to build the
trust and support required for any statistical organisation.

A task team was set up with representatives from statistical organisations across the
world to examine the known issues around partnering with different types of organisation
within a Big Data context. General guidelines were prepared on establishing partnerships
for Big Data.

2. METHODS

Partnership opportunities need careful consideration across various themes to ensure that
an optimal arrangement is agreed, for both statistical organisation(s) and the partner(s)

' The task team was composed by the following members with affiliations: Jenine Borowik, Australian
Bureau of Statistics (ABS); Kenneth Iversen and Markie Muryawan, United Nations Statistical
Division (UNSD); Matjaz Jug, United Nations Economic Commission for Europe (UNECE); Peter
Struijs, Statistics Netherlands; Susan Williams, Office for National Statistics (ONS); and Albrecht
Wirthmann, Eurostat.



involved. In order to better understand the themes to be considered, and the approaches
necessary to set up a successful partnership with respect to Big Data it is necessary to
first obtain information on the current experiences across a range of statistical
organisations.

Two questionnaires were sent to National Statistical Offices and International
Organisations. The first focused on the overall organisation and strategy for Big Data in
the organisation, while the second focused on specific projects on Big Data. The
questionnaire identified a number of different partnerships arrangements that contributed
to the development of a report containing guidelines to consider when partnering on Big
Data projects.

Feedback from the other task teams within the UNECE project was also incorporated
into the report. These teams specifically provided input on the Privacy and Quality
dimensions of partnering on Big Data projects but also the partnering arrangements
experienced within each of the individual pilot projects in the practical Sandbox element
of UNECE’s overall project.

3. RESULTS

The examples from the questionnaire and Sandbox demonstrated how most partnership
arrangements encounter similar forms of issues related to financial/contractual
arrangements, legislative, privacy and confidentiality issues, responsibilities and
ownership issues and other risks to be managed. Of course, the relative importance of
these issues depend on the type of partner, be it partnerships with data providers or
design, technology, IT infrastructure or analysis partners. However, many of the issues
are comparable, and drawing upon the experiences from National Statistical Offices and
international organization, this report highlights some important aspects in each of these
issues in order to facilitate future partnerships on Big Data projects.

The questionnaire indicated that some institutions have been tapping and expanding the
use of administrative data owned by line ministries and agencies (e.g., taxation records,
civil registry, customs records, etc.). Other data providers are from private sector (e.g.,
internet companies, mobile phone operators, etc.) and many of these players are
multinational enterprises. Therefore, it is important to establish good relationships with
both government and private sector partners.

At the national level, a number of projects are already completed, and an even larger
number of projects are in the early stages of implementation or at the idea stage. Most of
these projects involve at least one partner, often from the private sector or academia.
However, the questionnaire has identified that most partnerships are arranged
individually and sometimes ad hoc, with some partnerships more successful than others.
There are therefore important lessons learned and experiences from different
organisations that should be shared in order to facilitate better and more fruitful Big Data
partnerships in the future.

Well-functioning partnerships with data providers are seen as the crucial aspect in the
successful implementation of any Big Data project. In the Sandbox experiments the
largest point of failure was repeatedly timely access to data, often due to concerns of
confidentiality. In many cases a project can only exist if a working partnership can be
forged with a data provider. While the technical issues of data analysis are certainly
challenging, they are often secondary to establishing a reliable data source. Furthermore,

since data providers often aggregate and clean data, a good working relationship ensures
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clear communication of methodology and, at times, allows for much of the data cleaning
to be completed by the provider.

4. CONCLUSIONS

The activity of the task team has made an initial attempt at providing a number of initial
guidelines for partnership in Big Data related projects. By building on experiences and
lessons learned in a number of countries, specific guidelines for financial/contractual
arrangements, legislative, privacy and confidentiality issues, and responsibilities and
ownership have been established. However, further work is needed to provide more
detailed and operational guidelines that could perhaps serve as a framework for
partnership arrangement in Big Data projects. Such a partnership framework could
include templates for different partnership agreements. These templates would provide
standard suggestions for the various issues that need to be defined in each partnership
agreement, such as financial issues, privacy and confidentially, and other issues.
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1. INTRODUCTION

The HLG (High-Level Group for the Modernisation of Statistical Production and
Services) Big Data Project concerns the role of Big Data in the modernisation of official
statistical production. The project is tackling strategic and practical issues that are multi-
national in nature, rather than those that are specific to individual organizations or
national sources. While the project does involve a practical component and a
consideration of methodological issues, its aim is not to focus on the technical details of
analysis of Big Data, which are covered by other national and international projects,
unless these are sufficiently cross-cutting to be of concern internationally. The project is
composed of four task teams:

o Partnership Task Team: identifies and reviews partnership models with data
providers, sources and organisations such as academia, scientific communities, research
institutes, and technology providers, to develop Big Data standards, processes and
methodologies and to gain access to organizations to the most advances technology.

e Privacy Task Team: reviews existing tools for risk management in view of privacy
issues, focusing on Big Data characteristics and their implications for data privacy.

o Quality Task Team: designs a complete quality framework for Big Data, identifying
indicators for different phases of Input, Process, and Output.

o Sandbox Task Team: designs, installs and uses a web-accessible environment where
researchers coming from different institutions can explore tools and methods needed for
statistical production, verifying in practice the feasibility of producing Big Data-derived
statistics.

This paper describes in detail the work of the Sandbox task team.
2. THE SANDBOX

A web-accessible environment for the storage and analysis of large-scale datasets has
been created and used as a platform for collaboration across participating institutions.
The “Sandbox environment has been created, with support from the Central Statistics
office (CSO) of Ireland and the Irish Centre for High-End Computing (ICHEC). It
provides a technical platform to load Big Data sets and tools, with the goal of exploring
the tools and methods needed for statistical production and the feasibility of producing
Big Data-derived statistics and replicating outputs across countries. The Sandbox
infrastructure is a shared distributed computational environment composed of 28
machines running a Linux operating system. The nodes are physically located within the
ICHEC data centre and are connected with each other through a dedicated, high-speed
network. The core software platform for Big Data processing in the Sandbox is
Hortonworks Data Platform (HDP). This is a Hadoop distribution comprising the
distributed file systems (HDFS), the MapReduce core, and several Hadoop side-projects
used for data analysis (Pig and Hive). Besides HDP, other distributed computation tools
are installed on the Sandbox that exploit the Hadoop infrastructure, namely RHadoop and
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Spark. In general, all such tools are high-level interfaces to MapReduce, so they allow to
write programs that translate into MapReduce jobs that are executed by the platform.
Finally, a choice of databases is available (both relational and NoSQL) and a visual
analytics platform (Pentaho) that allows to connect to Big Data sources and easily create
visualizations that can be used for analysis or dissemination.

3. THE SANDBOX TASK TEAM

The Sandbox Task Team is composed of 38 participants from 18 among national
institutes of statistics and international organizations. The team is organized around a set
of “activity teams”, focusing on topics related to different statistical domains. The topics
of interest were identified by project participants during a “sprint” meeting, held in Rome
in March 2014. Then, the general objective of the experimentations were set and the
activity for the acquisition of data sources was started.

3.1. Activity Teams

In the following the activity teams are listed, along with a short description of their
objectives:

e Consumer Price Indexes. Worked on testing performance of Big Data tools by
experimenting the computation of price indexes through the different tools available in
the Sandbox. The data sources are synthetic data sets that model price data recorded by
point of sales in supermarket (“scanner data”), the use of which within price statistics is
currently under study in several NSIs.

e Mobile Phones Data. Worked on exploring the possibility of using data from
telecom providers as a source for computing statistics (tourism, daily commuting etc.).
The team used real data acquired from the French telecom provider Orange.

e Smart Meters. Experimented the computation of statistics on power consumptions
starting from data collected from smart meters reading. Two data sets are available: data
from Ireland and a synthetic data set from Canada.

o Traffic loops. Worked on computing traffic statistics using data traffic loops
installed on roads in Nederland. Methodological challenges for cleaning and aggregating
data were addressed. Moreover, the team will use the Sandbox environment for testing
the possibility of computing production statistics over a huge dataset (6Tb).

e Social data. Explored the possibility of using Twitter data generated from Mexico
and collected along several months for analysing sentiment and detect touristic activity.

o Job portals. Worked on computing statistics on job vacancies starting from job
advertisements published on web portals. Tested the approach by collecting data from
portals in various countries.

o Web scraping. Tested different approaches for collecting data from the web.

3.2. Acquisition of Data Sets

7 different datasets were loaded in the Sandbox environment. Acquisition of the datasets
has been a complex task from which several lessons have been learned. One obvious
outcome was that data sets that are more “interesting” from a statistical point of view,
that is carrying more information and not aggregated, are in general more difficult to
retrieve, since they are limited by privacy constraints. The mobile phones dataset from
Orange was an interesting case in this sense. Despite the fact that the data was already
freely released to researchers in the context of a competition, we had to go through a
2



process of legal review, only because the purpose of utilization was different from the
original one. Smart meters data from Ireland were released under similar conditions. In
order to adhere to the Terms & Conditions of the above mentioned data sets we had to
enforce privacy in the Sandbox environment, implementing access control in order to
authorize access to sensitive data only users in the relevant team. Sources from web and
social medias were also used in the Sandbox experiments, in particular data from Twitter
and from job portals in Slovenia and Italy, as well as price data from e-commerce web
sites. Although this form of data is easily available, we experienced issues with quality,
in terms of coverage and representativeness. We tested different techniques and tools for
scraping data. Finally, we cite the case of some data sets that could not be acquired.
Satellite data from Australia, to be used for agricultural statistics, could not be released
by the providers in time for the first phase of the project and is planned to be loaded in a
possible extension of the project. That would be the occasion of acquiring of other
interesting data sets, such as marine and air transport data.

4. PRELIMINARY FINDINGS

At the time of writing this abstract, the activity teams have not completed their work. In
the following we present some preliminary output from the teams’ work.

4.1. Technology

One of the key questions behind the project was related to testing the use of tools for Big
Data processing for statistical purposes. This is a novel approach for NSIs, whereas these
tools were only used in an industrial context. Project results show that “traditional” tools
such as relational databases and statistical software, especially if well-tuned and running
on servers, still provide better performance when working on a size up to the Gigabyte
order. However, the distributed approach of Hadoop allows to overcome the limits of
memory and computing power of single machines, when datasets grow in the order of
10th to 100th of Gbs. The scalability of Big Data tools comes at the price of complexity
of installation and management. Specialized IT support is required for set up and
maintenance of the infrastructure. Although all the tools are open source, some
professional support can help dealing with problems that can potentially block the
production activity. Moreover, these tools are generally “unstable”. During the project
activity some tools were added and several updates were required even in the short time
frame of the project. Researchers should be aware of this and be prepared of working in
“unfriendly” environments, as well as considering frequent switches from one tool to
another.

When these data sizes are involved, data acquisition itself can be a difficult task. The
traffic loops activity team had to load the full traffic loops dataset, which amounts to
6Gb. This would have taken weeks to load through FTP, so a disk had to be physically
shipped to ICHEC’s data centre.

4.2. Methodology.

A common computation environment enables shared work on methodology, especially
where the data sets have the same form in all countries, so methods can be developed and
tested in the shared environment and then applied to real counterparts within each NSI.
Examples of these data sets are smart meters, scanner data, web sources and social
media. As examples of this approach we tested the application of a methodology for
sentiment analysis developed in the Nederlands on data from Mexico. We also obtained
an R program for treating smart meters data from ONS and applied it to Canadian data
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with easy data manipulation. Although web sources and social media are appropriate for
sharing work, the language difference can represent a problem when cleaning and
classifying text data.

Other work on methodology has been done in the mobile phones team, for computing
movement of people starting from call traces recorded by antennas, and in the traffic
loops team, for calculating the average number of vehicles in transit for each day and for
each road. More details on this will be given in the full paper.

4.3. Skills

The Sandbox environment allowed to test and to build novel competence without direct
economic expenses for organizations on hardware and software licences. The
collaborative approach allowed to gain a technical know-how in a relatively short time
and to create a community of Big Data experts involving both statistical and IT
resources. Training sessions were organized on the Sandbox tools, with training material
that is available for being shared, together with findings on technology that will provide
practical indications for organizations that need to set up Big Data infrastructures.

4.4. Statistics.

The project is showing for the first time, on a practical basis and on a broad scale, the
potential and the limits of the use of Big Data as sources for computing statistics.
Improvements in efficiency and quality are possible by replacing currently used data
sources with novel ones (e.g. smart meter data, scanner data, job vacancies web ads).
New products can be obtained from different sources such as traffic loops, mobile phones
and social data. However, sources can be of low quality so they may require some
serious pre-processing before being used (e.g. web sources). In general, Big Data sources
can be effectively used as additional sources, benchmarks or proxies.

The possibility of relying on a shared environment for production statistics is severely
limited by privacy constraints on data sets, that often pose limits to the personnel
authorized with regards to data treatment and do not allow files to be moved outside the
physical boundaries of a single organization. These limitations can be partly bypassed
through the use of synthetic data sets. A synthetic data set can be obtained by perturbing
a privacy-sensitive data set so that it loses any links with entities of the real world,
maintaining sufficient resemblance with the real thing to be considered statistically
meaningful. Another solution is to generate the data by modelling its behaviour through a
specifically developed software. We used both approaches in the project, respectively for
smart meters data and scanner data.

5. CONCLUSIONS AND FUTURE WORK

The HLG Big Data Sandbox is the first example of shared international statistical Big
Data Research capability. Many statistical organisations have been working on their own
research projects, however the feedback from participating organisations about potential
of global big data sources, shared computation environment, international partnerships
and exchange of expertise and experience has been highly positive. Sandbox therefore
isn't just a set of research projects testing methodology, technology, quality and other
aspects of use of Big Data for Statistics. It is practical test of a new innovative model of
international collaboration and shared capabilities with the aim to leverage potential of
Big Data sources, enabled by technological advances, new methodologies, partnerships
and skills that would be difficult to mobilise by any individual statistical organisation.
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1. INTRODUCTION

Official statistics must deliver information for defined populations like countries or
regions defined by administrative limits or socio-demographic groups or branches of the
economy. The quality of such information is vital for the credibility of official statistics.
Since the debate on the representative method in the first part of 20™ century and the
seminal paper by Neyman [1] the method of official statistics, to establish statistical
information based on representative surveys with probability sample designs, is
acknowledged as a corner stone of the quality and credibility of official statistics.

There are two main threats to the paradigm of representative surveys in official statistics.
The first is increasing and differential non-response. The second is costs. Outside official
statistics representative surveys have been abandoned mainly due to costs. While quota
sampling and variants of it have been used since a long time in market research, the use
of data sources from the internet of persons or things promise now a new move away
from representative surveys simply because of costs. An important argument against
representative surveys in this move is non-response. However, the paradigm of random
sampling has not been replaced by a convincing alternative up to now. The AAPOR has
issued a report where different methods for non-probability samples are discussed [2].
More research and more documentation are certainly needed for all methods proposed.
The basic problem is that non-probability samples are difficult to compare with
probability samples.

This paper gives a discussion of a model based version of representativeness. Such a
definition has been used to establish the representativeness of a branch association
needed to submit a proposal for the ordinance of a special law for the branch [3]. An
example illustrates model-representativeness and the effect on variance.

2. METHOD

Probability sampling is the basis of representative surveys. Randomisation gives a
coherent framework for sampling which allows the application of statistical concepts. In
particular expectation and variance are clearly defined and thus properties of estimators
can be found. The framework has been extended to asymptotic theories and the role of
assisting statistical models has been justified under the randomisation approach. In
particular the use of models to reduce non-response bias is a standard technique today.

A more prominent role has been assigned to models by Royall [4] in the prediction
approach. Finite population characteristics are still the main objective but the role of
random sampling is reduced. In spite of the debate about the value of model assisted and
model based approaches the basic objective, estimation of finite population sampling
characteristics, is the same.

! University of Northwestern Switzerland (FHNW), School of Business, 4600 Olten, Switzerland
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Combinations of model-based and sampling-based estimators are prominent also in
Small Area Estimation.

A radical step toward modelling is quota sampling. The randomisation approach is
abandoned, though randomly filled quota are mimicking stratified random sampling.
Quota sampling is model based in the sense that the quota are based on variables with
predicting power for the key survey characteristics [5].

The condition for model-representativeness for a population variable can be phrased as
follows: Let Y be a variable of interest and let X be a covariate, possibly multivariate. We
have observations from a sample on Y and on X. The purpose is to estimate a population
characteristic G(FU,Y), where Fyy denotes the population distribution of Y. Two

conditions are necessary to establish inference on H(FU‘Y):

1) There is a predictive model for Y based on X : Y; = f(X;) + E; , where f(.) denotes
the structural relationship and E is an error term. The predictive model holds in the
sample (i € S) and in the population (i € U).

2) The distribution of X in the sample Fsy is the same as the population distribution
Fy x. And the population distribution Fy, y is assumed to be known.

The quality of the model is crucial. If the error is large then the explanatory power is low
and if the model is not appropriate instead of bias-reduction an increase in bias may
result. Therefore, representativeness must be restricted to particular variables for which
there is a good model. The model quality can only be examined at the sample. The
condition that the model does hold in the unobserved part of the population U\S cannot
be checked with the data at hand.

What can we say about H(FU,y) under these conditions? We may estimate f from the
sample, i.e. f. Based on the assumption that the model holds for the non-sampled
observations, too, we can simulate predicted values ¥; = f ()?l) by random draws from
the known distribution Fy x for all i € U since we assume Fy x 1s known. Actually the
last condition, that we know the distribution Fy x may be often relaxed. We get an
estimate of the distribution Fy y , say F'U,y = Fy ¢ and we can calculate 0 (F'U'y). If in the

sample instead of the predicted values ¥; we take the original observation Y then this is
well aligned with the prediction approach from Royall [4].

The second condition above, that the sample is distributed like the population, i.e.
Fsx = Fy x , adds robustness and simplicity to the approach. The assumption Fgyx =
Fy xwill get rid of the exact form of the model, i.e. we do not have to estimate f . What is
needed is that there is a predictive model involving the variables in X.Under the
assumption that Fg x = Fy x the distribution Fy y can be estimated by Fgy directly since
the realisations ¥; = f ()? l-),i € U \ S follow the distribution of the sampled Y, apart
from the model error. Thus § = H(FS,Y). If Fs x # Fy x we may calibrate the sample such
that the approximation is enhanced and then we may use a weighted version of Fsy to
estimate Fy; y . Alternatively we may use a regression estimator.

3. ANILLUSTRATIVE EXAMPLE

We use the data set MU284 from [6] for an illustration of the principle with a simple
linear model. The data set contains data on 284 municipalities in Sweden. We delete the
three largest Municipalities to avoid problems with outliers. We use the per capita
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revenue from taxes 1985 (pcrmt85=RMT85/P85), the real estate value in 1984
(pcrev84=REV84/P85), the per capita number of municipal employees
(pcme84=MES84/P85) and the proportion of the social democrat seats in the municipal
council (ssp=SS82/S82). Variable pcme84 is our covariate while pcrmt85 and pcrev84
are examples of well modelled and bad modelled target variables.

The sample is established by the 28 municipalities in MU281 which have the lowest
proportion of social democrat seats (ssp). This can be considered a convenience sample
and it will obviously be biased for the proportion of social democrat seats. The estimators
considered are the sample mean, a GREG estimator [7] and a pure prediction under the
simple linear regression model using pcme84 as explanatory variable. Table 1 shows that
the initial deviation of the sample estimate from the population target is reduced for both
variables pcrmt85 and pcrev84 when using a regression estimator. However, the bias
reduction for pcrmt85 is moderate due to a model that is biased for the population.
Actually in the population a quadratic form would be more appropriate. The standard
error of the GREG of 0.135 seems to be biased downward when compared with the
standard error of the predictor of 0.165. The downward bias of the GREG standard error
seems even worse for variable pcrev84. Using pcme84 as auxiliary information is useless
for the variable SSP as can be seen in the last column of Table 1. The bias of the GREG
and Predictor are worse than of the sample mean.

Table 1: Targets and estimates for a convenience sample

Estimator pcrmt85 pcrev8d pcme84 ssp
Population mean 7.177 118.896 52.043 0.466
Sample mean 6.59 116.619 45.828 0.278
SEM 0.180 4.554 0.959 0.007
GREG 7.561 117.451 52.043 0.261
SE(GREG) 0.135 4.970 0 0.013
Prediction 7.561 117.451 52.043 0.261
SE(Prediction) 0.163 7.418 0 0.011
adjusted R-squared 0.680 -0.038 0.100
vinf=SE(Pred)"2/SEMA2 0.816 2.653 2.300

If the model for the population can be estimated from the sample, as for pcrmt85, then
the prediction estimator is unbiased. However, the deviation of the sample distribution of
the covariates (in our example pcme84) from the population will inflate the variance and
this may outset the variance gain due to the using a regression estimator. In our example
the standard error of the prediction estimator is 0.163 compared with the standard error
of the mean of 0.180. Now the adjusted R-squared of the regression of pcrmt85 on
pcme84 is R2 = 0.680 and we would expect a much larger reduction of the standard
error due to the regression. Comparing the standard error of the prediction estimator with
the standard error of the mean we obtain the variance inflation

o 22
vinf = {1 +— i T (XU62XS) }(1 —R2)

X

The relative difference between the population mean and the sample mean is injected into
the variance inflation of the prediction estimator. Furthermore the goodness of fit of the
model plays an essential role due to the second factor in the variance inflation.



4. CONCLUSIONS

In view of the pressure on using data from many sources where official statistics cannot
ensure proper random sampling or where the non-response is so large that it is
questionable whether the sample should be used at all it is necessary to think of models
and how they can support estimation. Provided that the covariates have a similar
distribution in the sample as in the rest of the population it is not necessary to find the
correct form of the model to make calibration or regression estimation work even for
non-random samples or when the response mechanisms are unknown. However, the
quality of the inference relies on the model and must be restricted to variables that are
predictable by covariates. The additional uncertainty due to deviations of the sample
model from the population model cannot be assessed. In any case, the usual practice to
check whether the distributions of the covariates in the sample and in the population are
similar is not sufficient. Model-representativeness comes mainly through the model
between the target variable and the covariates and this should be the main aspect to be
verified. The similarity of the distributions of the covariates in the sample and in the
population yields some robustness against miss-specification of the model form but not
against a poor predictive power of the covariates. If the model in the population can be
estimated from the sample then the bias of the prediction estimate may vanish. However
the variance of the prediction estimator may suffer considerably when the sample
distribution of the covariates is far from the covariate distribution of the population.
Nevertheless, model-representativeness may become the basis for inference in situations
where random sampling and a high response rates cannot be ensured. More research into
this approach is necessary to establish procedures to evaluate the conditions and to
establish procedures to estimate variances.
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1. INTRODUCTION

Statistical agencies measure the disclosure risk before releasing statistical outputs, for
example frequency tables. This work discusses how information theoretical definitions,
such as entropy and conditional entropy, can be employed to measure the disclosure risk
in sample based frequency tables. A similar approach has been followed and a disclosure
risk measure has been introduced in [1] for population based frequency tables. The above
mentioned disclosure risk measure is modified and applied to sample based tables in this
paper. The properties around which the disclosure risk measure for population based
tables is built are in [1] and can be seen below.

1. If only one cell is populated in the table, then the disclosure risk is high.

2. Uniformly distributed frequencies imply low risk.

3. Small cell values (i.e. ones and twos) are more disclosive than higher values. In
general, the greater the cells, the lower the disclosure risk.

4. Assume that two tables are given and there is only one cell populated in each
table. The frequencies of the non-zero cells are equal. In this case we deem the
table that has more cells (and therefore more zeroes) to be of higher disclosure
risk.

5. We would like the disclosure risk measure to be bounded by 0 and 1.

Below we compare the disclosure risk measurement of population based tables to sample
based ones.

2. METHODS
2.1. Information theoretical definitions

In order to define the disclosure risk measure below, we need to introduce the entropy
and the conditional entropy. The entropy of an X random variable is defined as

K
H(X) = —Z Pr(X =c¢;) " logPr(X = ¢;)
i=1

where C = {cy, ¢y, ..., cx} is the range of X. Entropy is zero if the distribution of X is
degenerate, and it is maximal if the distribution is uniform.

Assume that X and Y are two random variables with a common range C = {cy, ¢y, ..., Ck }.
(The domain of the variables must also be common.) The H(X|Y) conditional entropy is
defined as follows.
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K K
HX|Y) = —Z Pr(Y =¢) -ZPr(X =¢lY =¢) " logPr(X = ¢;|Y = ¢)
j=1 i=1

It is known that the conditional entropy cannot exceed the entropy, H(X|Y) < H(X).
2.2. The disclosure risk measure

In this work we focus mainly on attribute disclosure. Attribute disclosure occurs if
confidential information about an individual or more individuals can be retrieved from
the released data. Attribute disclosure is likely to happen if the individuals are
concentrated in one cell of the frequency table, i.e., the distribution of the table is
degenerate, while the chance of attribute disclosure is low if the frequencies are

distributed uniformly. This fact is in line with properties 1 and 2 listed above and is
_H®)
reflected exactly by 1 log k-

The disclosure risk measure for population based tables

Denote the population based frequency table by F = (Fy, F,, ..., Fg). It implies that the
size of the frequency table is K. Assume that the distribution of X is (%,%, ...,FWK),
where N =YX | F;. The disclosure risk for a population based frequency table is a
weighted average defined as follows.

W (1

Here D denotes the set of zeroes in the table, therefore |D| provides the number of
zeroes. W = (wq, Wy, w3) is the vector of weights, while e is the base of the natural
logarithm. The disclosure risk measure reflects the properties listed in section 1.

H(X)) 1 1 1
— — W B — 0
log K ge-\/ﬁ

D
Rl(F,W)=W1'|I<_|+W2'<1

If a statistical agency deem that a population based frequency table is of high disclosure
risk, then a statistical disclosure control (SDC) method must be applied to the table.
Denote the perturbed frequency table by G = (G, G5, ..., Gg). The disclosure risk of the
perturbed table also must be assessed. However, the previously defined disclosure risk
measure cannot be applied to the perturbed table since the perturbed table has more
uncertainty. We define the disclosure risk after perturbation below.

\D[\IBrE! H(X) H(X|Y)
RZ(F,G,W)=W1'<7> +W2'<1_logK>.<1_ H(X) ) ()
_W3-\/—N-loge_m

Here E is the set of zeroes in the perturbed frequency table. The disclosure risk of a
perturbed table is expected to be lower than that of the original table. R,(F,G,w)
satisfies this requirement.

2.2.1. The disclosure risk measure for sample based tables

While population based tables include every individual, only selected individuals
contribute to sample based frequency tables. The R;(F,w) and R,(F,G,w) disclosure



risk measures are developed for population based tables and cannot be applied directly to
sample based ones.

Sampling can be considered as a special SDC method. The smaller number of individuals
in sample based tables ensures protection against attribute disclosure to a certain extent.
An intruder faces more uncertainty in a sample based table than in a population based
table. Zeroes in the sample based table seemingly increase the chance of attribute
disclosure. However, a zero in the sample based table is not necessarily zero in the
population based table. If we consider the sample based table as the result of an SDC
method, then R,(F,G,w) should be applied in order to evaluate the disclosure risk,
where F is the population based table and G is the sample based table.

Our assumption is that only a sample based table and N are known, therefore our aim is
to estimate H(X), H(X|Y) and |D| for the population based table. In this paper this aim
is achieved by estimating population frequencies. From the estimated population
frequencies the above mentioned quantities can be calculated as for ‘true’ population
based tables. The table cell probabilities may be estimated from the sample by models.

3. RESULTS

Our preliminary results are given below. More detailed results will be available in the
full paper.

The data we used is an extract from the 2001 UK census tables. We applied the
disclosure risk measures to two-dimensional tables. The population of 10 selected output
areas consists of 2449 individuals. Three sampling fractions are considered here, they are
0.1, 0.05 and 0.01. Both the population based and sample based tables were generated. A
log-linear model, applied to the sample based table, provided the estimated cell
probabilities. Denote these probabilities by P = (pq, P2, ..., Px). The sample based table,
denoted by f = (fi, f2, ..., fx), and the population based table are assumed to follow the
multinomial distribution,

f~Multinom(n; py, P2, -, Px),
F~Multinom(N; py, P2, -, Px)-
It implies that the distribution of F — f is also multinomial,
F — f~Multinom(N — n; py,p2, -, Px) 3)

Therefore we drew N —n ‘new individuals’ from (3) and added them to the sample
based table, thereby estimating the population frequencies. (The full paper will discuss
more models to estimate the population frequencies.) R{(F,w) and R,(F, f,w) can be
calculated and compared on both the known and estimated population frequencies. For
each sampling fraction the sampling was carried out 1,000 times, for each sample based
table the population frequencies were estimated 1,000 times and the average disclosure
risk measures were calculated. The results are shown below for the output area (10
output areas) * religion table, which has a size of K = 90. The weights we used are
w = (0.1, 0.8, 0.1) for both (1) and (2). More numerical results will be available in the
full paper.



Sampling fraction
0.1 0.05 0.01
From true population frequencies 0.2315 | 0.2315 | 0.2315
Rl (F! W)
From estimated population frequencies | 0.2299 | 0.2417 | 0.3106
From true population frequencies 0.1695 0.1533 | 0.0955
RZ (F , f 4 W) R R R
From estimated population frequencies | 0.1720 | 0.1711 | 0.1881

Table 1. Disclosure risk measures of output areas X religion table from true population
frequencies and from estimated population frequencies for three sampling fractions

4. CONCLUSIONS

The preliminary results indicate reasonable estimates for Ry (F,w) and R,(F, f,w) for a
two-dimensional table. These disclosure risk measures were applied to population
frequency tables previously. The paper demonstrates that the disclosure measures can be
applied to sample based frequency tables. The estimations are less precise for lower
sampling fractions but it may be attributed to the small number of individuals (and
therefore more zero frequencies) in sample based tables. Investigation of more estimation
methods, especially for low sampling fractions, needs to be accomplished.

In the literature disclosure risk measures have been applied to cells. In this paper
R,(F,w) and R,(F, f,w) quantify the disclosure risk of the entire frequency table. The
relatively easy computation of R;(F,w) and R,(F,f,w) makes the disclosure risk
assessment quick and they can be estimated ‘on-the-fly’. The properties of R, (F,w) and
R, (F, f,w) will be further investigated.
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1. INTRODUCTION

Probabilistic record linkage as set out in the seminal paper [1] is an important area of
research in official statistics. This is especially true as more and more administrative
sources are being used to improve the quality of surveys or to replace traditional
censuses. Traditionally, all datasets are held within one organization, eg. the National
Statistics Institute, and record linkage is carried out on original variables, such as first
name, last name, ID number, etc. without the need to anonymise these strings.
Probabilistic record linkage joins all possible pairs on a set of matching variables
(typically within blocks) and the pairs are classified to matches, non-matches and clerical
review according to a test statistic based on the likelihood ratio under a Bayesian
framework. The matching parameters for the linkage are estimated using an EM
algorithm under the Binomial distribution for an agree/disagree (0,1) indicator function.
String comparators are used to scale the likelihood ratios to improve the classification.

Data on individuals however can be contained in distinct databases held by different
organisations and there may be a variety of data sharing agreements. A common practice
is to suppress information that might directly identify an individual which inhibits the
possibility of record linkage. For this reason, techniques have been developed to
anonymize data in such a way that they can still be used for linkage. Exact matching can
be carried out on anonymised strings and methods of classification based on ‘fuzzy’
matching have been introduced in the privacy preserving record linkage literature. A
similarity score is calculated to measure the distance between two anonymised strings.
One drawback is that when strings are anonymised for record linkage, it is not possible to
carry out a clerical review of potential matches for the ambiguous cases and the possible
linkages must be dichotomised into true matches and non- matches.

In this paper, we present a new method for classifying pairs into matches and non-
matches using an EM algorithm under the Multinomial distribution where string
comparators in the non-private setting or similarity scores in the private setting can be
used to define classes within which matching parameters can be estimated. In this way,
the string comparator/similarity score is included directly into the models for estimating
matching parameters instead of through the ad-hoc method of scaling the likelihood
ratios and classification into matches/non-matches is much improved. In addition, we
examine methods for string anonymisation and propose a new method which provides
protection against ‘attack’ scenarios on anonymised strings.

' The Cathie Marsh Institute of Social Research, University of Manchester

Social Statistics, School of Social Sciences, University of Manchester
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2. METHODS
2.1. Probabilistic Record Linkage

From two datasets A and B we produce the set of all possible matches:
Ax B ={(a,b);a € A,b € B} typically within a block defined by an exact match on an
error free variable, such as geographical area, to reduce the number of pairs that need to
be investigated. We aim to classify the pairs into sets: Matches
M ={(a,b)|a=b,ac A,b e B} and non-matches U ={(a,b)|a#b,ac A,be B}. [1]
define a decision rule based on the likelihood ratio of agreement m(y)/u(y) or
disagreement /1 —m(y)] /[ 1—u(y )] where m(y ) is the probability of agreement for the
comparison vector y given a match and u(y) is the probability of agreement for the
comparison vector y given not a match. In the simplest form, the comparison vector will
be a vector of 1’s or 0’s where 1 denotes an agreement in matching variable ¢ (g=1,..,0)
and 0 otherwise. Under conditional independence, we can treat each matching variable
separately and define m_ = P(y/ =1|(a,b), e M) and u, = P(y] =1|(a,b), eU). The
two probabilities for each matching variable and the overall number of correct matches
P(M)=P((a,b);, € M )isestimated using the EM algorithm under the Binomial

distribution. Further details will be provided in the paper.

String comparators are used to scale the likelihood ratios. The Jaro string comparator is
commonly used for official statistics and defined as:

® (X,,X,)=1/3x(#common /str_lenl+#common /str_len2 +

(1-0.5x(#half transposition /#common)))

where str_lenl and str_len2 length of strings, #common is number of common letters and
#half transposition where a letter can move one position left or right. The Jaro-Winkler
string comparator is based on the Jaro string comparator but provides different weights
depending on the position in the string. The string comparator is used to down-weight the
agreement likelihood ratio so that if there is little difference in the string, the pair will not
be regarded as a disagreement rather will receive a value at a proportional distance from
the agreement likelthood ratio. The new likelihood ratio is defined as:

m 1-
O (X, ,X,)—+(1-D (X ,X,)) " L. Alternately, the /log-likelihood can be
u —u
qu(Xanb) (lfd)q(Xa’Xb))
. m 1-m
adjusted as follows: (—”’] ( E J .
u, l-u,

2.2. String Anonymisation

Hash functions are used to anonymise strings. These hash functions convert strings to
integers where equal strings produce equal hash values so linkage can be carried out on
the equality or inequality of hash values. Strings are converted to tokens, typically
bigrams, and each bigram is hashed [2]. For example, for the names John and Jon we
obtain:

john' — {'jo', 'oh', 'hn'} — {21299418, 21496024, 20971735}

Yon' — {'jo', 'on'} — {21299418, 21889246}

_ 2x(#common) _ 2
Total hashes 5

A similarity score such as the Dice Coefficient can be used: D,



[3] propose the use of Bloom filters (an array of 0 and 1) which can be represented as an
integer in its binary form. m bits (all initially set to 0) and k hash functions are used to
map an element to one of the m array positions. To add an element, produce k hash
functions to get k array positions and set these positions to 1. To query whether an
element is in the set, feed it to each of the k hash functions to get k array positions and
check whether there is a zero. If there’s a zero, the element is not in the set, otherwise if
all 1’s it might be in the set since there may be false positives. The Dice coefficient can
be estimated from a pair of Bloom filters. These methods may be open to attacks where
intruders can learn the length of strings or identify tokens, eg. bigrams.

[4] proposed a technique called minwise hashing where many hash values are calculated

for a set of tokens and the minimum hash values returned. The probability of a hash

collision on the minimum hash value is the Jaccard Similarity Score defined as
#common hashes

B . Using the minwise hashing, the estimate of the Jaccard

~total discrete hashes
Similarity Score is the number of collisions on the minimum hash value where m is the

. . . ~ n .
number of hash functions: n ~ Bin(m,J,,) and the estimate is J,, = — . The variance

m
J (1 - JA,B)
m

is: Var(jA!B) == . [5] propose to return only b-bits of the minimum hash

value. In [6], we propose to return only 1-bit of the minimum hash value to produce a
concatenated 1-bit minwise hashing. In this case, the estimate of the Jaccard Similarity

1-J3,

LA n . . s
score is J,, =2— —1 with a variance of: Var(J,,) =
: " :

In the example in Table 1, we show the first 5 of the minwise hash values and the 1-bit
minwise hash values. From table 1, for minwise hashing with 5 hash functions, the
estimate of the Jaccard similarity score is 2/5 and for the concatenated 1-bit hashing 3/5,
the true value is 1/4. More on string anonymisation will be covered in the paper.

Table 1. Minwise hashes and 1-bit minwise hashes under a binary representation
for S1={‘jo’,’oh’,’hn’} and S2={‘jo’,’on’}

HI H2 H3 H4 HS5 ... Hm

S1 451153726 | 1123790273 | 2501120381 | 2030682762 | 965995804

S2 797504823 | 1123790273 | 262296169 1744666338 | 965995804

Sn

H1 H2 H3 H4 H5 Hm
S1 0 1 1 0 0
S2 1 1 1 0 0
Sn

2.3. Multinomial EM Algorithm

We extend the EM algorithm where instead of two categories agree/disagree for each
matching variable and then scaling the likelihood ratios with string comparators, we
define k categories, k=1,...K where each category represents a class based on an interval
of string comparators (or similarity scores in the private setting). For example, 8 classes
with (inclusive) upper bounds based on the string comparator/similarity score:
[0.2,0.4,0.6,0.8,0.9,0.95,0.999,1].




If there is an agreement for variable ¢ in class & of the string comparator/similarity score
for a pair j, then: y/, =1, otherwise it is zero. The EM algorithm under the multinomial

distribution is now used to estimate the match parameters for each variable ¢ in class &k
(not shown here). Further details about the method will be in the paper.

3. EXPERIMENT

From a 1995 Israel Census Sample file, we select 700 records as a test file. From this file,
400 records were selected and  varying levels of perturbation applied. We show in
Figure 1 the low and high levels of perturbation. No blocking was carried out. Since we
know the match status, we can evaluate the linkage using precision/ recall plots where:

Precision = P and Recall = L , Where tp are the true positive, fn the false
p+ fp p+ fn

negatives and fp the false positives under varying levels of thresholds. The best

approaches produce curves in the upper right sector of the plot. The results of the

experiment are shown in Figure 1.

Low Perturbation High Perturbation

Figure 1. Precision/Recall plots for low and high level of perturbation for: Binary
EM algorithm (no use of similarity score); down-weighted likelihood ratio (LR);
down-weighted log-likelihood ratio (Log LR); 8-bin EM algorithm with estimated
Jaccard Score; 15-bin EM Algorithm with estimated Jaccard Score; 8-bin EM
algorithm with Jaro String comparator; 8-bin EM algorithm with Jaro-winkler
String comparator

4. CONCLUSIONS

From Figure 1, all approaches perform better with low levels of perturbation. The Binary
EM without similarity scores performs the worst. Down-weighting log likelihood ratios
outperforms down-weighting of likelihood ratios. Multinomial EM outperforms Binary
EM with no clear difference between 8 classes and 15 classes Jaccard score schemes. The
non-private setting with Jaro and Jaro-Winkler string comparators provide the best
performance, although these are not privacy preserving.

Given that in the private setting, there is no possibility to carry out clerical review it is
important that we improve the classification of pairs into matches and non-matches. The
multinomial EM Algorithm approach shows an improvement over the traditional method
of the Binomial EM algorithm and down-weighting of likelihood ratios.
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1. Introduction

This paper discusses research to develop methods to link record level administrative datasets
that have been pseudonymised at source. Matching multiple administrative sources is both
resource intensive and elevates risks relating to the privacy of data about people and
households. This paper outlines new approaches that have been developed to accurately link
datasets that have been pseudonymised with a secure hashing algorithm.

It is well known that pseudonymising data prior to linkage inhibits the use of probabilistic
matching algorithms and clerical resolution. Critical to the research has been the development
of techniques that can identify similarity between pseudonymised matching fields and the use
of statistical techniques to accurately designate candidate pairs into matches and non-
matches. A quality assurance exercise has been undertaken to test these methods in a
comparison of match results between the NHS Patient Register and the 2011 Census. Results
so far are highly promising showing relatively low levels of false positives (less than 1%) and
false negatives (around 2%). The paper will also discuss further ideas for improving the
quality still further.

2. Methods
2.1 Deterministic Matching

The matching algorithm comprises three stages. The first is deterministic linkage based on a
sequence of /ink-keys that are derived on each dataset prior to importing data into the linkage
environment. Link-keys are based on concatenations of selected components of identifiers
(i.e. names, dates of birth and addresses), resulting in unique identifiers for the majority of
records on any dataset. These identifiers are then pseudonymised with the hashing algorithm
and used to match records between datasets in the linkage environment.

The algorithm runs a sequence of pseudonymised link-keys, each of which attempts to
resolve particular types of inconsistency that occur across match fields. Records linked
uniquely are designated as matches, with the remaining residuals moved to the second stage
of the algorithm.

2.2 Similarity Tables

Link keys are successful in identifying true matches between records that have relatively low
levels of disagreement between match fields. For more complex cases involving
disagreement across multiple match fields, measures of similarity between match fields are



required. A method for achieving this has been developed through the construction of
similarity tables which are also constructed during pre-processing and before
pseudonymisation.

Two de-duplicated lists of forenames and surnames occurring across the two datasets are
compiled prior to pseudonymisation process. String comparison algorithms are undertaken
between all names in the list to develop a thesaurus of names that are similar, with a
comparison metric indicating the level of similarity. These tables are then pseudonymised
and imported into the linkage environment and used to identify candidate match pairs
between the two datasets.

2.3 Score based matching

From the records identified as possible matches from the similarity tables, a small sample of
candidate pairs are made available for clerical matching (approx. 1000 pairs). A decision is
made whether to designate each pair as a match or non-match. This clerically matched dataset
now serves as training data to classify the match status of all other candidate pairs identified
by the similarity tables. The current method relies on a logistic regression model, where the
dependent variable is the binary outcome (yes or no) regarding match status. The predictors
include the following: name similarity scores, date of birth similarity score, name
commonality, sex agreement, postcode agreement and geographic distances between
locations. Candidate pairs with a match likelihood >=0.5 are designated as matches, those
below as non-matches.

2.4 Comparison Study

The pseudonymised matching algorithm has been tested and compared with the results of a
previously undertaken linkage exercise, where links were identified using a combination of
exact matching, probabilistic automatching, clerical resolution and clerical searching. In both
cases a sample of NHS Patient Register records have been linked to the 2011 Census of
England and Wales. The results of this matching exercise have been used as a measure of
quality for the pseudonymisation algorithm on the basis that it is close to a ‘gold standard’ in
identifying all of the true matches between the two datasets.

The pseudonymisation process and the methods developed are described in detail in
ONS(2013).

3 Results

Table 1 shows the results of the comparison exercise. The match rates achieved by the
pseudonymisation method are slightly lower than those achieved by the Census matching
team. Eight local authorities were used as the basis for comparison, five of which were in
cities (London and Birmingham), and three were in more rural areas. Matching scenarios are
generally more complex in city areas owing to high rates of population migration and greater
ethnic diversity in naming conventions. The table shows that the false positive rate is only
slightly higher in city areas than more rural areas, however the increase in false negatives is
more evident.



Table 1 — Match rate comparison and errors for pseudonymised matching method

Pseudonymised | Pseudonymised
Census Pseudonymised | false positive false negative
Local Authority Type match rate | match rate rate rate
City Local Authorities 71.3% 70.3% 0.5% 2.0%
Rural Local Authorities 91.2% 90.7% 0.3% 0.8%
Total 72.7% 71.7% 0.5% 1.9%

4 Conclusions

The results of this comparison study indicate potential for a quality pseudonymised linkage
approach. The method described has been implemented to produce trial outputs on the size
and characteristics of the population from 2015 onwards. It may not be possible that
pseudonymisation methods will meet the very high quality levels achieved through more
conventional approaches. However research continues in this area, with a provisional target
of lowering the false negative rate to less than 1 per cent.

The motivation for researching a pseudonymisation approach is critical to the development of
future Census taking in the UK. Exploring administrative data as the basis for improving the
quality of census outputs will be a major focus in preparations for the 2021 Census and
research continues to investigate the potential of an administrative data based census to
replace the traditional ten yearly census in England and Wales after 2021. In undertaking this
research, linkages between administrative datasets will be made on a large scale (most
datasets have tens of millions of records) and consideration for the associated risks to privacy
need to be taken into account. This necessitates a different and more automated approach to
be taken. There may be other solutions to alleviate the privacy risks in due course, but the
scale of the matching in this context prohibits anything other than a highly automated
approach.
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1. INTRODUCTION

In recent years more and more statistical agencies started collecting detailed geocoding
information for some of their surveys or administrative databases. This information
enables researchers to define their own geographical levels when investigating spatial
effects. Furthermore, detailed geocoding information can be used to link data from
different sources. However, these additional research opportunities come at the price of
increased risks of re-identification. For this reason external researchers usually cannot get
access to the detailed geocodes.

Generating synthetic data is an innovative approach for disseminating data to the public
with high utility and low risks [1]. In our paper we compare three different strategies for
generating synthetic geocodes: The first approach (denoted DPMPM in the results
section) uses Dirichlet process mixture of products of multinomials for the synthesis,
treating the geocoding information as categorical with combined information of its
latitude and longitude. The second approach (denoted as CART1) is based on CART
models [2], also treating the geocoding information as one categorical variable The final
approach (CART2 and CART3), originally suggested by [3], treats the information on
the latitude and longitude as two separate continuous variables and generates synthetic
values by using CART models for both variables. CART2 and CART3 differ in the
ordering of the two variables to be synthesized.

Our evaluations are based on a subset of the Integrated Employment Biographies (IEB), a
rich administrative data source at the Institute for Employment Research (IAB). We refer
to [4] for a detailed description of the database. We selected all 3,537,556 complete-case
observations from the state of Bavaria and for 6 variables shown in Table 1.

2. THE CART AND DPMPM SYNTHESIZER

As noted in [1], CART models are a flexible tool for estimating the conditional
distribution of a univariate outcome given multivariate predictors. CART models can
also be used to generate partially synthetic data ([2]).
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Table 1: Variables included in the dataset
variable characteristics

exact geocoding info  recorded as distance in meters from the point
52 northern latitude (Y), 10 eastern longitude (X)

sex male/female

foreign yes/no

skills low/medium/high

wage low/medium/high

distance to work 5 categories (<=1, 1-5, 5-10, 1-20, >20 km)

The DPMPM wuses a Dirichlet process mixture of products of multinomial
distributions, which is a Bayesian version of a latent class model for unordered
categorical data. A full description of the models will be included in the final paper.

3. RESULTS

For our evaluations we only synthesized the geocoding information for the place of
living. To run the DPMPM model on the entire dataset is very expensive, so we cluster
all the complete-case observations based on their geographic locations into clusters
containing 20,000 records (for computational reasons, each of the last two clusters
contains roughly 19,000 records). All synthesis models are run separately on each
cluster.

3.1. Analytical validity

For our utility evaluations we assume that potential users of the data would be interested
in relative frequencies for various cross tabulations of the variables contained in the
dataset on a detailed geographical. Thus, we compute these frequencies on a specific
geographical level (zip code). Table 2 presents the distribution of the absolute differences
of the frequencies between the original and the synthetic data across all possible cells
with a minimum cell sizes of 50 records for the different synthesizers.

The DPMPM provides slightly better results than the CART models for all cross
tabulations. However, the differences are relatively small and all methods perform
relatively similar in terms of analytical validity. There are hardly any differences between
the CART models but it should be noted that CART2 and CART3 can produce
implausible geocodes, such as places of living in the middle of a lake or in industrial
areas. This cannot happen with CART1 since the geocodes are modelled as categorical
and thus only geocodes that were observed in the original data could appear in the
synthetic data.



Table 2: Summary of the DPMPM model and the CART model results
Min. 1stQu. Median Mean 3rd Qu. Max. # ofcells

one-way
DPMPM -46.26 -2.43 -0.16 -0.54 2.14 3747 27117
CARTI1 -52.58 -2.56 -0.18  -0.56 2.29 40.36 27116
CART2 -55.39 -2.63 -0.21  -0.56 2.30 58.39 27113
CART3 -52.65 -2.66 -0.21  -0.56 2.28 59.51 27112
two-way

DPMPM -45.60 -2.23 -0.25  -0.80 1.28 3531 102802
CARTI1 -52.29 -2.36 -0.28 -0.83 1.37 38.59 102802
CART2 -53.46 -2.41 -0.28 -0.82 1.39 53.90 102732
CART3 -52.33 -2.40 -0.28 -0.82 1.38 39.31 102712
three-way

DPMPM -35.87 -1.82 -0.30 -0.85 0.67 22.15 149528
CARTI1 -40.50 -1.91 -0.33  -0.88 0.72 25.28 149525
CART2 -42.22 -1.93 -0.32  -0.86 0.74 3543 149309
CART3 -40.66 -1.93 -0.32  -0.87 0.73 36.74 149297

3.2. Disclosure Risk Evaluations

To evaluate disclosure risks, we compute probabilities of identification using methods
developed in [5]. The details are omitted for brevity and a full description will be
included in the final paper. For our evaluations we assume that the intruder knows the
exact geocode, sex, and the information whether the individual is a foreigner or not and
uses this information to try to identify the individuals in the database. We sample 100
records from each cluster and assume that these J=17,700 records are the target records
that the intruder tries to find in the data. For the geocode we assume that the intruder
constructs grids of different size and considers all records that fall in the same grid as
matches. We evaluate the risks for three different grids: 50x50, 500x500, and 2000x2000
square meter grids. We also compute the risk measures if the intruder would match on
the exact geocodes. Details on the two risk measures presented in Table 3 will be
included in the final paper. To compare the synthesizers it suffices at this point to note
that larger values mean higher risks for both measures.

The risks are very small in all scenarios. The fraction of correctly identified single
matches (the true rate) is far below 0.1% in all cases. The expected match risk can be
interpreted as the expected number of correct guesses if the intruder would pick one
record at random from the records with the highest matching probability for each of his
or her target records. Given that the intruder tries to identify almost 18,000 records,
expected numbers that are always less than 10 indicate very low risks of disclosure. A
detailed discussion on the trade-off between utility and risk will be included in the full

paper.
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Table 3: Expected match risk und true match rate for various grid sizes

Grid Measures DPMPM CART1 CART2 CART3
exact Exp. risk 3.83 1.06 0.88 0.88
True rate (in %) 0.018 0 0 0

50x50 Exp. risk 4.43 2.03 1.28 1.11
True rate (in %) 0.053 0 0 0

500x500 Exp. risk 5.62 0.42 2.71 3.90
True rate (in %) 0.040 0 0.012 0.024

2000x2000 Exp. risk 1.00 0.7 5.52 3.56
True rate (in %) 0 0 0.039 0.020

4. CONCLUSIONS

The study indicates that all synthesizers provide almost similar trade-offs between
disclosure risk and analytical validity. The DPMPM synthesizer seems to perform
slightly better in terms of validity but at the price of an increased disclosure risk. Still, the
risk is very low for all synthesizers implying that the synthetic data could be released for
all synthesizers under the given intruder assumptions. Given that the continuous CART
synthesizer performs similar to the categorical CART synthesizer in terms of validity and
arguably slightly worse in terms of disclosure risk the former should be preferred in
practice. Especially, since treating the geocode as categorical will ensure that no
implausible geocodes are generated.

We note that the number of variables included in the dataset is very small. It is likely that
the quality of the CART synthesizer would only improve if more variables were
available that could be used when building the tree. Comparing the two approaches for a
larger set of variables is an interesting area for future research.
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1. INTRODUCTION

Synthetic data methods were designed to address the conflicting demands placed on data
holders to unlock the research and policy potential of microdata while at the same time
preserving the confidentiality of individuals [1]. These methods, detailed in a monograph
[2], have been recently recognized by the UK National Statistical Agencies (NSAs)
which plan to use bespoke synthetic data to expand the use of the UK Longitudinal
Studies (LSs). The generation of useful synthetic data often involves, however, a
substantial investment of research time. Automated synthesising methods are therefore
essential when the process has to be conducted rapidly and on a regular basis. This paper
describes the application of synthetic data to the LSs, presents method implemented in an
R [3] package synthpop® for producing non-disclosive entirely synthetic data and
evaluates automated synthesising approaches.

1.1. The UK Longitudinal Studies

The England and Wales Longitudinal Study (ONS LS) [4], the Scottish Longitudinal
Study (SLS) [5] and the Northern Ireland Longitudinal Study (NILS) [6] are rich
microdata sets linking samples from the national Census in each country to
administrative data (births, deaths, marriages, cancer registrations and other sources) for
individuals and their immediate families across several decades. The sensitive nature of
the information they contain, and the legal restrictions that apply to Census data, mean
that access to the microdata is restricted to approved researchers and LSs support staff,
who can only view and work with the data in safe settings controlled by the NSAs. The
fairly restrictive access regime has a detrimental impact on usage and limits potential
impact of the three LSs.

1.2. Application of synthetic data

Synthetic data with no real individuals, but which mimic the original observed data and
preserve the relationships between variables and transitions of individuals over time
could be made available to accredited researchers to analyse on their own computers. As
no user of the LSs has access to all of the variables, researchers would be provided with a
synthetic version of an extract with just the data they require for the population relevant
to their research. Synthetic data would be created for each extract separately and would
thus be project-specific. They need to resemble the actual data as closely as possible, but
would never be used in any final analyses. The users carry out exploratory analyses and
test models on the synthetic data, but they or LSs support staff use the code developed on
the synthetic data to run their final analyses on the original data. This approach
recognises the limitations of synthetic data produced by these methods. A similar
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approach is currently being used for synthetic products made available by the U.S.
Census Bureau”.

2. METHOD AND SOFTWARE

The synthpop package for R has been developed as part of the ESRC funded SYLLS
project (Synthetic Data Estimation for UK Longitudinal Studies) to facilitate production
of synthetic versions of LS data extracts requested by users. Via the function syn()
synthetic data are produced using a single command and to run default synthesis only the
data to be synthesised have to be provided as a function argument, e.g. syn(data). The
package offers a variety of options to customize synthesis [7-8] which can be used to
influence the disclosure risk and the utility of the synthesised data. The essential features
of the synthesis procedure remain, however, unchanged. Variables are synthesised one-
by-one using sequential regression modelling. It means that conditional distributions,
from which synthetic values are drawn, are defined for each variable separately. Note
that the fitted regression models are conditioned on the original variables that are earlier
in the synthesis sequence. Similar conditional specification approaches are used in most
implementations of synthetic data generation. They are preferred to joint modelling not
only because of the ease of implementation but also because of their flexibility to apply
methods that take into account structural features of the data such as logical constraints
or missing data patterns. To reproduce any such restrictions in the synthesised data they
have to be specified in optional parameters of the syn() function.

With practicality and flexibility in mind, classification and regression trees (CART) are
used as the default conditional models for synthesis but various parametric alternatives
are also available. CART [9] are an algorithmic modelling approach that can be applied
to any type of data. The basic idea is to recursively split a data set into groups with
increasingly homogeneous outcome. The splits are specified as yes-no questions
referring to the predictor space. The values in each final group approximate the
conditional distribution of the predicted variable for units with predictors meeting the
criteria that define that group. The synthetic values are generated by sampling from an
appropriate group. CART models were suggested for generation of synthetic data by
Reiter [10] and then evaluated as performing well by Drechsler and Reiter [11]. The key
advantage of CART models is the ability to capture, in an automatic manner, non-linear
relationships and interaction effects in the data that can be difficult to model using
parametric approach.

3. EXAMPLE

The characteristics and quality of synthetic data depend on the models used to generate
them. Specifying appropriate models that capture all essential features of the original data
is therefore crucial but it requires expertise in both the data to be synthesised and
statistical methods. Moreover, it can be cumbersome (if at all possible) and pose a major
obstacle for data custodians with limited resources. With this in mind, we use the
synthpop package and its syn() function to synthesise data with default settings for CART
and parametric models and we evaluate and compare the quality of the results. In general,
we aim to reproduce the logical structure of the data, univariate distributions and
multivariate relations among the variables so that an analysis based on the synthetic data

* see http://www.census.gov/programs-surveys/sipp/methodology/sipp-synthetic-beta-data-product.html

and https://www.census.gov/ces/dataproducts/synlbd/
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leads to the similar statistical inference as an analysis based on the observed data. We
focus here on the final aspect and compare model estimates with and without interaction.

We have extracted data on age, sex, marital status and long-term illness from the SLS
database for the 1991 Census and the acronyms AGE9, SEX9, MSTAT9 and ILL9 are
used to describe them. Multiple synthetic data sets were produced for both non-
parametric (CART) and parametric (Parametric) synthesis. In the latter case default
polychotomous or logistic regression was used depending on variable type. In terms of
exploratory analyses (details not shown here) the CART method gave more satisfactory
results than parametric methods, e.g. it was much better at retaining a constraint that was
obeyed by the original observed data (marital status ‘single’ for under 16s) when it was
not forced by the customized parameters of the syn() function. Note that before
regression analysis data syntheses were rerun with this constraint imposed.

Optimally an analysis based on the synthesised data should lead to the same statistical
inferences as an analysis based on the observed data. For illustration we investigate here
results of a logistic regression to absence of long-term illness in 1991 as a model from
age, marital status and sex, a model that was part of the parametric syntheses. Figure 1
compares the estimates from the real data with the averages from the 50 syntheses from
Parametric and CART models respectively. The estimates from the Parametric models
are very close to the real estimates but the estimates from the CART syntheses are also
similar to the real estimates and the same conclusions are drawn in all three cases. We
can see that freedom from long-term illness decreases sharply with age and is higher for
females than males. Adjusting for age and sex, those married, remarried or widowed are
more likely to be free from long-term illness than those who are single, whereas the
opposite is true for the divorced.

LTS

AGE9 Age per 10 years

t

SEX9 Female
Male (base)
———
= MSTAT9 Married
e — Remarried
= Divorced
- — Widowed

Single (base)

T T T T 1 —— synthesised CART

T T
06 0.4 0.2 0.0 0.2 0.4 0.6 —*— synthesised Parametric
—=— real
Coefficient

Figure 1. Coefficients of fit to ILL9=“No” from AGE9, SEX9 and MSTATY for real
and synthetic data.

Despite very good performance of Parametric methods in the above example where a
model of interest was part of the parametric syntheses the methods possess some major
disadvantages. They preclude an analyst, with access only to the synthetic data, from
checking departures from an assumed model, such as lack of linearity or the absence of
interactions. This is illustrated here by fitting a further model which includes a sex by
marital status interaction. Results are shown in Figure 2. For the observed data there is
evidence of an interaction. The association of being married with lack of illness is
stronger for men than for women. The CART syntheses do a reasonable job of
reproducing this, whereas the Parametric syntheses show no evidence of this interaction
since they are generated from an interaction-free model. As illustrated, with the CART
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method it is possible to capture various features of the underlying original data without
any tuning of the synthesis. The CART method would be therefore preferred over the
parametric methods.

Figure 2. Coefficients of fit to ILL9=“No” from AGE9, SEX9 and MSTAT9*SEX9
interaction for real and synthetic data.

4. DISCUSSION

Synthetic data offer a way to expand the use of confidential microdata such as the UK
LSs. The synthpop package for R with its default CART method has been developed to
facilitate generation of such data. It is not, however, a final product and feedback from
package and synthetic data users is absolutely invaluable for further improvements and
development of best practices. Next to facing the challenge of producing synthetic data,
we also need to address the concerns of data custodians responsible for protecting
confidentiality. Finally, weaknesses and limitations of synthetic data have to be clearly
communicated.
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A MORE VISUAL DISSEMINATION FOR ATTRACTING NEW USERS
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1. Introduction

Today, each national statistical office is confronted with the same challenge: how to build a
dissemination and communication strategy in a world where users have easy access to a
deluge of data and information from various origins and where IT tools and design standards
change so quickly that users behaviour and their expectations are continuously modified?

The first issue is clearly to know what users want: we know our different types of users
(decision makers, media, researchers, businesses, students, public at large...) but we have to
identify how they get our data, what they do with our data, how they react to our outputs and
which sort of new services they would like us to propose. In our changing world, this
information cannot be obtained only through an annual user survey, but requires continuous
and "real time" feedback from our users.

The second issue is to develop a range of dissemination products or services which allows to
reply to the different needs identified. The objective of this paper is to present Eurostat's
experience in proposing new and more visual dissemination tools which aim at making our
statistics more understandable to less experienced users and also attracting new users of
European statistics.

2. Finding our way in the labyrinth of user needs

Since a few years, Eurostat has been developing a number of different and complementary
tools which give an interesting and up-to date representation of our user needs. Each of them
helps to assemble a more global picture of what modern users expect from suppliers of
statistical data.

2.1. Measuring satisfaction

To get an overview of the general level of satisfaction of users, Eurostat conducts an annual
on-line user satisfaction survey. This classical method still provides valuable information and
feedback on the most consulted statistical domains, the purpose and the frequency of the
consultation, as well as an assessment of the quality of our data, publications, and
dissemination practices. It also gives a crucial information on the level of confidence that
users have in our data. In the 2014 satisfaction survey, trust remained overwhelmingly
positive with 95% of the respondents stating they greatly trust European statistics or tend to
trust them.

1 . . . .
Eurostat, Commission européenne, philippe.bautier@ec.europa.ecu
* Eurostat, Commission européenne, bernard.le-goff@ec.europa.eu
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2.2. Detecting user behaviour

Website log files provide a wealth of information which is exploited through a detailed and
extensive web analytics effort. Each month a 30 page monitoring report on Eurostat
electronic dissemination is published on the intranet, which contains a long list of information
such as the number of consultations for each page, the navigation and origin of the
consultation (Eurostat website, Google, apps,...) or the average time spent on each
visualisation tool.

2.3. Getting feedback in real time

Successful dissemination cannot be measured by means of web analytics and usage figures
alone, but it needs to take into account new ways of information. For instance, the monitoring
of social media brings further insight into who is using our information, how they use it, what
they say and think about it and how Eurostat is perceived on the internet in general. To
measure the impact of its dissemination, Eurostat uses a tool to analyse its e-reputation in real
time. The tool provides a better knowledge of our users and of our daily impact in the media,
social networks or blogs and gives a quantitative but also qualitative feedback on our work.

2.4. Communicating with users

Apart from measuring usage, Eurostat also communicates with users via a permanent user
support network, ad-hoc focus groups and benchmarking exercises. For ten years, Eurostat
has managed a system of national user support centres offering assistance in nearly all EU
languages. The valuable feedback collected via this permanent structure enables Eurostat to
identify concrete user requirements and helps us to improve the quality of our services.

Eurostat organised ad-hoc internal and external focus groups to allow an exchange of views
on the current website's strengths and weaknesses.

The benchmarking exercises measure the overall quality of the Eurostat website against
current best practices and in particular against the websites of other statistical institutes
and/or international organisations.

3. Translating the needs for attracting new visitors

One of the most frequent remarks made by different groups of users when we consulted them
in the preparatory phase of the new website, was that Eurostat's website was judged as too
complex for non-specialists, which is the case for most of European citizens. In order to
attract a larger public of less experienced users, we decided to strengthen the user-orientation
of our website and to propose a set of new visualisation tools, infographics and apps that are
meant to be informative and easy to use.

3.1 A more attractive website, less statistical jargon and a more powerful search

The launch of the new Eurostat website mid-December 2014 has been perceived as a good
opportunity to better reply to user needs (see http://www.ec.europa.eu/eurostat). The layout
and the design of the web site have undergone a major overhaul to make it more appealing
and attractive, with for example, a more colourful design, the possibility to insert photos or
videos and a daily management of the editorial content of the homepage to make it more
lively.

A new search engine has also been developed which provides, on the basis of keywords, the
most relevant datasets and articles/publications available, in a similar way to how Google
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works. To facilitate the search, bridges have been created to enlarge the search terms written
in common vocabulary (such as profits, apartment or family for example) to the associated
statistical terminology (gross operating surplus, dwelling or household).

3.2 Simple infographics and visualisation tools

Data visualisation tools are another possibility to help users to better understand our statistics.
Their aim is to communicate clear information or a story through graphs, maps or charts. In
recent years, several tools have been implemented by Eurostat, such as country profiles,
inflation dashboard, statistical atlas, regional statistics illustrated and widgets. However, the
use of these tools sometimes requires the user to have already a good understanding of
statistics.

For that reason, Eurostat decided to complement its offer by presenting regular infographics
on the homepage of its new website, in order to arouse the interest and provide assistance to
less experienced users.

"Economic Trends"

A new infograph is associated with the publication of a selection of euro-indicator news
releases, where non-specialists can get a better understanding of the most recent economic
trends in the EU, the euro-area and the Member States:
http://ec.europa.eu/eurostat/cache/infographs/economy/desktop/index.html

"Young Europeans'
“Young Europeans” is a new tool released In connection with a new Eurostat publication on
youth. It provides the possibility to compare the way of living of a young people aged 15-29
with those of any other young Europeans of the same age and sex. This tool is also intended
for parents, decision-makers, politicians or teachers who want to know more about the young
generation in Europe.

"Young Europeans" is an interactive tool constructed around a number of questions about the
life of young Europeans on 4 different themes: family, work, free time and studies, and
internet. Before starting, users have to define their profile: gender, country and age.


http://ec.europa.eu/eurostat/cache/infographs/economy/desktop/index.html

"Quality of life”

Linked to the release of a Eurostat publication on quality of life, this infograph shows both
objective and subjective indicators covering 9 quality of life themes. It proposes a
combination of photos and graphics to display the information in an attractive and innovative
way. A new easy recognizable logo for quality of life statistics has also been created.

"My country in a bubble"

This simple visualization tool allows users to see in one image the situation in Europe for
more than 140 statistical indicators covering all economic, social and environmental domains.
This tool is not done to provide some precise numbers to users but to allow them to
immediately perceive the situation of a given country compared with other EU countries and

to encourage them to discover more.

4. Conclusion

All these actions are part of Eurostat's efforts to better respond to user needs and to
continuously adapt its visualization dissemination with the latest IT development. Today,
statistical institutes are confronted with the same challenge. In a period where human and
budgetary resources are limited, this challenge can only be faced if a reinforced cooperation
among ESS members is put in place in particular in sharing best practices and tools.
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1. INTRODUCTION

The concept of representativity is rather complex and refers to the aim that sample data
gain external validity in relationship to the target population they are meant to represent.
The definition of representativity is even more complex in the longitudinal context,
where one wants to make inference both with respect to the initial population
(longitudinal estimates) and the population at different time points (cross-sectional
estimates). The definition depends here on the target population for a specific inference.

To improve the representativity of surveys, recently, researchers have explored the idea
of treating sample subgroups differently and intervening in the data collection process in
order to achieve a “better” response set. Different terms are used to identify these
methods, such as targeted design, responsive design, adaptive design, tailored design
(Grooves and Heeringa, 2006; Wagner, 2008). They refer to slightly different versions of
the method.

This technique is important both for cross-sectional and longitudinal studies, because it
allows to optimize data quality, costs, and time during data collection and it could be
implemented in real time using data from administrative records and also variables
generated during the collection process (like server side paradata).

Experiments have been performed by National Statistical Institutes (NSIs), mainly in the
cross-sectional context (Luiten and Schouten, 2013; Lundquist and S&rndal, 2013;
Shlomo et al., 2013). This is currently a topic of research at NSlIs. The method proved to
be useful. However, it is not standard practice yet.

In longitudinal studies, targeted designs could take advantage of the wealth of
information on panel members, collected during recruitment and over time. This
information could be exploited to improve the data collection process. Such strategies are
not used in longitudinal surveys on a standard basis as well. A few experiments have
been performed (e.g., Lynn, 2014).

In this paper, we analyse at first main requirements for the application of targeted survey
designs in general and in the specific context of longitudinal studies, giving a theoretical
systematization of what can be done and the necessary information. Afterword, we
provide an overview of research going on in the official statistics, mostly in the cross-
section context. Finally, we present some experiments we made in the panel context and
discuss potentialities and problems of the approach.

2. METHODS
The application of targeted designs includes several components:

1. Definition of subgroups to be targeted, depending on covariates and /or available
paradata;
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2. Identification of the survey strategies, that is, the survey design features to be
applied to different units;
3. Allocation of sample units to subgroups.

The application of such designs take advantage of the use of indicators of the quality of
the response (such as response rates, subgroup response rates, balance indicators
(Séarndal, 2011), and R-indicators (Schouten et al., 2009; 2011)) and cost functions.

Depending on a number of features, several forms of this technique may be identified in
the literature. We discuss them, highlighting pros and cons for the application in cross-
sectional and longitudinal studies and providing some new evidence. We also discuss
different measures of the quality of response, with special reference to the longitudinal
context and taking into account that response rates are in some sense more important for
longitudinal surveys than for other surveys, as the utility of a longitudinal survey relies
on the continued participation of a high proportion of the sample members (Lynn, 2014).
Indeed, in order to remain representative of their target population and to support
longitudinal analysis, it is important for longitudinal studies to maintain high response
rates over time.

3. APPLICATION

The application of targeted designs is still at the beginning and it is not standard practice.
We briefly revise applications of this technique, also at NSIs, and then focus on
applications in the framework of longitudinal studies.

Longitudinal surveys provide researchers with a large number of auxiliary variables that
could be used to identify alternative subgroups with different responding behaviours, at
which different strategies may be targeted. Further, longitudinal studies offer more
features for manipulation than cross-sectional studies, e.g. between-wave interventions.
Hence, the application of targeted designs in the longitudinal context is envisaged and is
of interest for Official Statistics since in this context one can gain deeper insights thanks
to the large availability of information on panel members. Conclusions in this context
may be useful in supporting ideas, experiments and decisions in Official Statistics.

Up to now only a few examples and experiments have been performed. The authors are
aware of the studies by Lynn (2014) on Undestanding Society, Calderwood et al. (2012)
on the UK Millennium Cohort Study, and Bianchi and Biffignandi (2014) on the Paadel
panel.

Examples of some in-depth analyzes are reviewed with reference to the different panels.
The results are promising. Table 1 shows, as an example, some of the results that will be
described in the study. A new application is also presented, which demonstrates the
usefulness of the method. The application makes reference to the Understanding Society
Innovation Panel (Uhrig, 2011). Understanding Society is a longitudinal household panel
in the UK, which is so much related to issues of interest for Official Statistics since it
provides an accepted and trusted set of National Statistics which helps people understand
and monitor well-being.



Table 1. Comparison of the estimates obtained applying different types of
responsive design for the variable firm legal status in the Paadel panel

Average Relative

Data set Difference
Full data set 0.259
Responsive design 1 0.200
Responsive design 2 0.182

4, CONCLUSIONS

Targeted survey designs seem to be very promising both in the context of cross-sectional
and longitudinal studies. They allow to monitor representativeness and optimize
fieldwork efforts with the saving of resources. In the longitudinal context, they can take
advantage of the richness of information that these datasets provide.

Not much guidance is given in the literature on the application of such methods. More
experimentations are needed to increase knowledge in this field of application.

This paper, after reviewing both theory and practice, provides a contribution in the
direction of setting up guidances. A new experiment in the longitudinal context is
presented as well.
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1. INTRODUCTION

The Labour Cost Survey (LCS) is a 4-yearly business survey, based on Regulation (EC)
N. 503/1999 that aimed at producing harmonized estimates on a number of variables
concerning employment, the number of hours worked and paid and a very detailed
structure of labour costs of enterprises and institutions both in public and in private
sector.

All the structural business surveys are plagued in Italy by quite low response rates,
frequently below 50% and among them, LCS was no exception. Moreover, in the general
context of budget cuts, retired staff between 2008 and 2012 has not been completely
substituted and the number of human resources dedicated to the survey has been reduced.

To maintain the data quality in the 2012 edition and avoid a further depletion of response
rates (which, in addition to worsen the sampling error, carries the risk of higher non
response bias) it has been implemented a work reorganization and introduced several
innovations especially in the data collection The final result of these innovations has
been a considerable increase in the response rate.

2. METHODS

The innovations introduced to increase the response rates pertain three areas: the
questionnaire redesign, the contact strategy and the data collection strategy.

2.1. The questionnaire redesign

The LCS regulation requires a considerable number of items and sub-items on
quantitative variables at the enterprise level. Moreover, in addition to the variables
needed to respond the Regulation, the past editions of the survey questionnaire carried
questions needed to gain insights on how wages were differentiated by occupation. The
result was one of the most burdensome questionnaire in the field of economic statistics.
In recent times a new source of administrative data, the individual level social security
declarations, have been made available to Istat. Although not adequate to satisfy the EU
Regulation on LCS this availability has triggered the possibility of modifying the survey
questionnaire, eliminating part of the questions. Moreover the remaining questions have
been restructured making explicit reference to the concepts and the measures to which
the enterprises are more used to, that is those used to perform the contained in the payroll
system, or needed to satisfy the obligations on social security. See [1] for more details on
this issue.

As some studies have shown (see e.g. [2]) the simplification of the questionnaire has
likely contributed to increase the response rate by easing the burden of the enterprises.
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2.2. The contact strategy

The contact strategy has been completely changed and innovated using three main tools.
The first tool has been the use of Certified Emails (here after PEC) system. A recent
change in legislation has imposed that the official communications between public
administrations and enterprises should be carried out only through electronic systems and
not any longer through postal service. In this context the PEC technology allows to send
and receive official communications with safe protocols and certainty of delivery, with
the same legal value of letters sent by recorded delivery and receipt return. Virtually all
the official communications towards the enterprises (the cover letter aimed at informing
the enterprises of the survey and three subsequent reminders) have been sent through this
system. The second pillar of the contact strategy has been the use of a dedicated contact
service to perform part of the front office operations. The main task performed was to
receive the incoming calls from the enterprises in order to answer common answers on
deadlines, obligations, and helping the enterprises to solve the most common issues
regarding registration on the web site or to understand the errors of the consistency
checks built in the electronic questionnaire.... In the past editions of the survey these
tasks were performed internally with a large portion of the staff being occupied in these
activities. With the reduction of the resources dedicated to the survey the old strategy
was no longer feasible so that a portion of the budget savings has been used to contract
out these services. The second task performed by the contractor were outgoing calls, after
the cover letter, aimed at gaining survey cooperation, and to identify the person, within
the enterprise, capable of responding the survey and her direct contact references
(telephone, mail, etc..). These persons were subsequently contacted through mass-
emailing (ordinary email, not PEC) to solicit the sending of the questionnaire in more
informal reminders. Thanks to the activities performed by the external agency, the
internal staff work (the third pillar) could concentrate in answering the emails (those with
more official communications sent through PEC and the rest through ordinary emails)
and answering the telephone calls on more technical issues or on particular cases. In
paragraph 3 some measures of the pervasiveness of these contact operations are reported.

2.3. The data collection strategy

To increase the response rate the data collection strategy has used several modes, to reach
enterprises with different preferences/necessities. The main mode is a web questionnaire
with built in checks. In the first stage of the survey, together with it, a standard file was
offered to enterprise groups to provide data for the all units of the group at once. In the
ending stages of data collection a CAT] was performed trying to collect data through
direct phone interviews in order to get the responses of hard-to-convince enterprises.
Furthermore, it was offered to small enterprises the possibility to fill an offline electronic
questionnaire (developed with a pdf Form and Javascript technology), sent by PEC and
identical to the web one. Since multi-mode data collection methods, while effective in
reducing nonresponses, may involve measurement differences between modes, the data
collected either through the standard file or through the offline questionnaire after being
checked for formal errors and loaded into the data base were further screened by the
reference persons of the respondents. In the case of standard file the reference person for
each group was asked to correct/integrate the data on the web form, while in the case of
PDF forms, the CATI service recalled the enterprises to solve inconsistencies and errors.
In the past editions, while the major channel was a structured datasheet file, there was a
large portion of the questionnaires sent by fax which needed to be printed out and sent to
an external data entry service. The method was either time and money expensive or prone
to more errors.



3. RESULTS

The strategy of several reminders is apparent in figure 1. The shaded area goes from the
sending of the cover letter/reminder to the fixed deadline. One can see how the number
of responses increased steadily in proximity of the deadlines. A second feature notable
from the figure is the necessity of soliciting the enterprises a number of times in order to
get the answer. The maximum number of questionnaires was collected with the first
reminder, but also the second and the third have had a considerable effect. The very low
cost of the PEC system together with the relative easiness of the procedure, compared to
the costs and complexity of the postal sending used in the past, has allowed a greater
degree of flexibility in the course of the data collection in deciding the number and the
timing of the reminders.

Figure 1. Number of responses per week

The impact of the second pillar of the data collection, that is a dedicated contact center, is
suggested in figure 2. The total number of incoming telephone calls received by the
contact center has been just below 10000, in the period in which the service was active,
with peaks (up to 1000 per week and almost 400 per day) in the days soon after the
sending of a reminder or close to the deadlines. Given resource constraints, in the past
the internal staff was not able to manage such a workload of calls with the results that
possibly a large quantity of calls went unprocessed and the likely outcome of lowering
the response rate. The outsourcing of the telephone activities has in turn allowed to
concentrate the reduced number of internal personnel on the processing of the email. The
chart shows that the internal staff had to manage peaks of up to 500 emails (ordinary and
PEC) per week.



Figure 2. Number of incoming calls and emails received per week

The total number of emails received was over 6000 of which about 70% has required an
answer (the residual was represented by notices from enterprises to Istat not requiring
answering) (table 1).

Table 1. Number of emails managed by internal staff

Received Answered Total
Ordinary 4792 3779 8571
PEC 1290 627 1917
Total 6082 4406 10488

4. CONCLUSIONS

The paper has illustrated the complex strategy set up to improve the response rate in the
LCS 2012, notwithstanding budget cuts and staff reduction. The role of contact strategy,
with the big innovations of PEC mailing that has allowed a more flexible and intensive
use of the reminders and an organization ready to respond to large quantities of incoming
requests from the enterprises, and a pervasive multi-mode collection strategy are the
drivers of the steep increase in survey response rate to 69%.
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1. INTRODUCTION

Missing data form a well-known problem that has to be faced by basically everyone who
collects survey data. Missing data can arise due to two kinds of non-response
mechanisms: unit non-response and item-nonresponse. Unit non-response occurs, for
instance, when units that are selected for data collection cannot be contacted or refuse to
respond altogether. Unit non-response is usually corrected by weighting the responding
units. Item non-response occurs when data on only some of the items in a record, i.e. the
data of an individual respondent, are missing. The most common solution to handle item
non-response is imputation, where missing values are estimated and filled in. In this
paper we focus on item non-response for numerical data, and whenever we refer to
missing data in this paper we will mean missing data due to item non-response.

In many cases data have to satisfy constraints in the form of edit restrictions, or edits for
short. For numerical data such edits are given by

A1Xip + o+ AppXip + b =0 (1a)
or
A1 Xip + 0+ ApXip + b = 0. (1b)

Here the x;; denote the value of variable j (j = 1, ...,p) intecord i (i = 1,...,7), and the
aji and the bj, are certain constants, which define edit k (k = 1, ..., K). Records that do
not satisfy edits are inconsistent, and are hence considered incorrect. Numerical data
sometimes also have to sum up to known totals, for instance because these totals are
known or have already been estimated from other sources. This leads to sum constraints
of the form ¥R, w;x; =X ]POP, with X ]POP the known total and w; the survey weight of
record i.

In [1] imputation methods have been developed that ensure that edits are satistied and at
the same time known totals are preserved. A drawback of these methods is that they are
quite complex and hard to implement. In this paper we propose a simpler method that
achieves the same goals. A novel element of our method is that unequal survey weights
can be taken into account. The rest of this paper is organized as follows. Section 2
sketches our new imputation method. Section 3 describes some results. Section 4
concludes with a brief discussion.

2. METHODS

Our proposed imputation method is based on a hot deck approach. When hot deck
imputation is used, for each record containing missing values, the so-called recipient
record, one uses the values of one or more other records where these values are observed,
the so-called donor record(s), to impute the missing values. Usually, hot deck imputation
is applied multivariately, i.e. several missing values in a recipient record are imputed
simultaneously, using the same donor record. For our situation, where we have edits and
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known totals, that approach is often not feasible as it is unlikely that a single donor
record will lead to satisfied edits for the recipient record and to preserved totals. We
therefore apply sequential univariate hot deck imputation, where for each missing value
in a record in principle a different donor record may be selected. The variables with
missing values are imputed sequentially. The univariate hot deck imputation method is
used to order the potential imputation values for a certain missing field. Only values of
donor records that can result in a record that satisfies all edits and preserves the total of
the variable under consideration may be used for imputation. How we ensure that edits
and sum constraints can be satisfied is explained below.

2.1. Using a Sequential Approach

In order to be able to use a sequential approach, we apply Fourier-Motzkin (FM)
elimination (see [2]). FM elimination projects a set of linear constraints involving g
variables onto a set of linear constraints involving q — 1 variables. The essence of FM
elimination is that two constraints, say L(X;y, ..., X;j—1,X; j+1, s Xiq) < X5 and x;; <
U(Xi1, oer Xij—1,Xi j41, s Xiq), Where x;; is the variable to be eliminated and
L(xiq, wees Xi j—1, Xi j41s -+ » Xig) @D U Xy, oy Xjj—1, Xi j41, -+ Xig) are linear expressions,
lead to a constraint L(X;q, ..., X j—1, Xj j41s » Xig) < U(xil’ e X j—1, Xi 41 ...,xl-q).

The main property of FM elimination is that the original set of constraints involving ¢
variables can be satisfied if and only if the corresponding projected set of constraints
involving ¢-1 variables can be satisfied. By repeated application of FM elimination we
can derive an admissible interval for one of the values to be imputed. The main property
of FM elimination guarantees that if we impute a value within this admissible interval,
the other variables can be imputed such that all constraints are satisfied.

We illustrate our method by means of an example where we have r records with four
variables T (turnover), P (profit), C (costs), and N (number of employees in fulltime
equivalents). The edits for record i (i = 1, ...,7) are given by

Ti—C—P=0 2)
P, < 0.5T; )
—0.1T, < P, 4)
T, < 550N, (5)
T, >0 ©6)
N; >0 )
;>0 ®)

We want to impute the variables in the following order: N, T, C and P. We assume that
variable N has already been imputed in all records in which its value was missing, and
we are now ready to impute variable T. Suppose that in a certain record i, we have

N =5 (either observed or imputed), and the values of T, P and C are missing. We fill in
the value for N into the edits and obtain (2), (3), (4), (6), (8) and

T, <2750. 9)

In order to eliminate variable P, we use equation (2) to express P in terms of T and C.
After elimination, we obtain constraints (6), (8), (9),

T, — Ci, < 0.5T: (equivalently: 0.5T; < Ci,) (10)

lop — lgp» lp —
and

—0.1T;, <T;, — C;, (equivalently: Ciozs 1.1T;)) (11)



To eliminate variable ¢ from (6) and (8) to (11), we first copy the constraints not
involving C, i.e. (6) and (9). Eliminating ¢ from (8), (10) and (11) leads to constraints that
are equivalent to (6). The admissible interval for T for record i, is hence given by

0<T, <2750.

In a similar way we can derive admissible intervals for T; for all records i (i = 1,...,7)
for which the value of T; is missing. After we have done this, we impute T; in these
records (see Sections 2.2 and 2.3). After variable T has been imputed in all records in
which its value was missing, we can derive admissible intervals for variable C, and later
variable P, in a similar manner. The main property of FM elimination guarantees that the
original edits will be satisfied, if we select donor values lying in these admissible
intervals.

2.2. Nearest-neighbour hot deck imputation

If we want to impute a certain variable x; in a record iy, we calculate for each other
record i for which the value of x; is not missing the distance to record iy. Before we
calculate this distance, we first scale the values by subtracting the median observed value
and dividing by the interquartile distance. We then calculate the distance between records
i and i, by means of the Euclidean metric. Based on these distances we make an ordered
list of potential donor values for variable x; in record i.

2.3. The imputation algorithm

We first examine the case where all survey weights are equal. When we want to impute a
missing value for the variable x; under consideration in a certain record i, we basically
apply the following procedure.

Sett = 1.
Select the t-th value on the list of potential donor values for variable x; in record i.
2. We check whether this value lies in the admissible interval for x; ;. If so, we continue

with Step 3. Otherwise, we set t := t + 1 and return to Step 1.
3. We check whether the potential donor value would enable us to preserve the total for
variable x;. If so, we use this potential donor value to impute the missing value.

Otherwise, we set t :== t + 1 and return to Step 1.

— O

We can efficiently combine the checks in Steps 2 and 3. The check in Step 2 is simply
whether l; ; < x; ; < u; ;, where x; ; is the potential donor value drawn in Step 1,
l;,j the lower bound of the admissible interval for variable x; in record iy and u; ; the
corresponding upper bound (see Section 2.1). The check in Step 3 amounts to checking

whether
Yiem() lij < Xjimp — Ziem() Xij — Xi,; < iem() Wij»
i>ig i<io i>io
where M (j) is the set of records with missing values for variable x;, X;; (i € M(j),i <
[p) are the already imputed values, and X; ;,,,,, is the total to be imputed for variable x;.
This total to be imputed equals the total X7°” minus the sum of the observed values for
variable x;. The checks in Steps 2 and 3 can be combined into a single check:

. . : .
max | Xj mp — E Xy = E Uij, ligj | = Xipj < min | Xjimp — E Xij = E Lij s i)
ieM(j) ieM(j) ieM(j) ieM(j)
i<ip i>ip i<ip i>ig



We can easily extend this check to the case of unequal sampling weights w; for each
record i.

3. RESULTS

For our evaluation study we have used two data sets. For each of these data sets we have
a version with missing data and a corresponding complete version available. We have
imputed the versions with missing data and compared that, for a number of evaluation
measures, to the complete versions. The results of 3 evaluation measures for one of the
evaluation data sets having 8 variables R; to Rg are given in Table 1, which is just an
excerpt of our evaluation results. MI-SAS in Table 1 refers to the multiple imputation
routine in SAS; CHDI refers to the calibrated hot deck imputation method we propose in
this paper. The results are in terms of the percent relative difference to the true values.

Table 1. Evaluation results (percent relative difference)

Mean
Ry R, R; R, Rs Rg R, Rg
MI-SAS 0.00 -2.81 0.33 1.24 0.15 -0.90 -0.03 -2.84
CHDI 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Standard Deviation

Ry R, R; R, Rs Rg R, Rg
MI-SAS 0.00 -4.07 -0.11 -3.28 -0.14 -0.01 0.00 -0.10
CHDI 0.00 -1.61 0.02 -0.43 -2.53 -0.02 0.00 0.00
Median
Ry R, R; R, Rs Rg R, Rg
MI-SAS 0.00 -1.86 0.00 0.03 0.00 0.41 -0.13 0.00
CHDI -0.02 1.8 -0.04 0.52 1.41 431 0.28 0.00

As we calibrate to totals in our CHDI method, means are automatically preserved. In this
respect CHDI naturally performs better than MI-SAS where the imputations are not
calibrated to totals. Much more interesting is that for most variables CHDI also preserves
the standard deviation better than MI-SAS. Apparently, satisfying edits rules and
calibrating to totals improves imputation in this respect. Unfortunately, CHDI is not
better than MI-SAS in all aspects as the median is better preserved by MI-SAS than by
CHDL

4. CONCLUSIONS

In this paper we have proposed an imputation method that can simultaneously satisfy
specified edit rules and preserve known. The proposed method is much simpler than
previous methods known from the literature. The first results of the new method are
encouraging.
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1. INTRODUCTION

Since 2010, Istat started a multiannual programme, named Stat2015, aligned with the
ESS 2020 vision, whose main aim is to modernize its information system and the way to
produce statistics for responding efficiently to the new challenges. An important
prerequisite for the realization of Stat2015 is the standardization and industrialization of
the statistical processes through the adoption and implementation of statistical and
technical standards, such as SDMX.

In this context, Istat has been developing and putting in production a set of cross-cutting
building blocks (SDMX Istat Framework) allowing to move from the simple use of the
standard for reporting data and metadata to International Organizations towards a more
strategic perspective, namely for streamlining internal business processes through the
harmonization of content, the management of metadata, and the dissemination of data
and metadata in several formats and for several platforms.

The main aim of this paper is to illustrate the SDMX Istat Framework and how it
responds to the different business needs identified within the Stat2015 multi-annual
program.

1.1. Background

Istat has been working on SDMX since 2004. At the beginning, in order to get
experience, Istat participated to pilot projects launched by Eurostat within the European
Statistical System: SDMX Open Data Interchange (SODI), Demography Rapid
Questionnaire, EuroGroups Register, Census Hub. During those pilots, Istat developed a
set of software SDMX 2.0 compliant.

From 2009 to 2012, Istat has participated to ESSnets [4][S] on SDMX (phase 1 and 2),
contributing to the development of software and guidelines shared with ESS members.
Furthermore, Istat actively participated in the design of the SDMX Reference
Infrastructure developed by Eurostat.

Starting from 2010, SDMX became part of the strategic multi-annual Istat program,
named Stat2015. In this context, Istat has defined an SDMX implementation strategy that
can be summarized in Figure 1:
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Figure 1. The seven dimensions of the SDMX Istat strategy

Collaborations: it i1s a fundamental part of the strategy, allowing a reduction of
development costs through the sharing of SDMX software and know-how with other
organizations. Currently, Istat is part of several communities that, besides other topics,
are also focusing on SDMX aspects (OECD SIS — Collaboration Community, Statistical
Network, Eurostat SDMX-RI User Group). Furthermore, Istat is running a bilateral
collaboration with INEGI-Mexico and is part of the SDMX Technical and Statistical
Working Groups.

Dissemination and Reporting: the SDMX Single Exit Point (SEP) [3] is already in
production. The SEP is used for reporting to International Organization (e.g. Census data
and National accounts data to Eurostat; Short Term Economic Statistical data to OECD,
SDDS Plus data to IMF), and to disseminate data/metadata from the dissemination data
warehouse (I.Stat) in machine-to-machine modality.

Metadata: the Istat Unified Metadata System is aimed at managing structural and
reference metadata in an integrated way. Structural metadata are handled in an SDMX
registry and synchronized with the dissemination/reporting metadata repository, while
the reference metadata system (SIDI/Siqual) has been extended in order to be compliant
with the Euro SDMX Metadata Structure (ESMS) and the ESS Standard for Quality
Report Structure (ESQRS).

Other formats: in order to speed up data interoperability, the SDMX SEP web service
has been extended to generate other formats, starting from the SDMX-IM: Resource
Description Framework (RDF), Google dataset publishing language (DSPL), CSV and
JSON.

End users: the interaction with the SDMX SEP is facilitated by a series of guidelines,
tools and web GUI, accessible from the Istat website [3]. In particular the web GUI
connected to the metadata repository allows browsing structural metadata needed to
interpret correctly all of the SDMX datasets that can be extracted from the SEP, while the
SDMX MS-Excel plug-in can be used to extract SDMX datasets from the SEP.

National Statistical System: Istat has been implementing a “distributed data warehouse”
accessible through a hub web application. End users can browse the hub to define a
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dataset of interest via SDMX structural metadata and retrieve the data directly from the
data providers' databases. The whole architecture will be based on an SDMX hub
architecture where the central application communicates with remote web services
through SDMX messages.

2. METHODS

One of the main constraints in developing the SDMX Istat Framework has been the
optimization of the development costs and searching the suitable funds. Istat decided two
strategic lines:

e harness the opportunity of Eurostat grants;
e reuse and extend the SDMX Reference Infrastructure (SDMX-RI) [2] developed by
Eurostat.

The SDMX-RI “ultimate version” is based on the SDMX Common APIs, an open source
project fostered by the SDMX Secretariat and implemented (SdmxSource) by Eurostat
and Metadata Technology Ltd.

2.1. Financing the development

In December 2013, Istat signed with Eurostat a grant agreement on “Horizontal and
vertical integration: implementing technical and statistical standards in ESS”, with a
duration of 24 months (extended till August 2015).

The grant foresees 24 deliverables split into 4 working packages:
WP1: coordination;

WP2: enhancement of the SDMX Reference Infrastructure, and its integration within the
Istat information system;

WP3: enhancement of the Istat metadata management system;

WP4: contribution to the development of the SDMX standard and implementation of
capacity building action.

7 units from 2 different Directorates are involved in the grant, for a total of 778
man/days. Furthermore, the grant is used to support over 1000 man/days from a
subcontractor.

2.2. The overall SDMX architecture in Istat

Within Istat, an SDMX architecture based on SDMX-RI and complemented by the
SDMX Istat Framework building blocks is already in place.

The main aim of this architecture is to allow end-user applications to browse and query
data stored in the dissemination data warehouse [.Stat. To this purpose, the suitable
SDMX structural metadata (Data Structure Definitions, Code lists, Concept schemes,
Category schemes, etc.) have been developed and mapped against the data stored in
L.stat.

The SEP web service gives access to end-user applications in machine-to-machine
modality, using SOAP and/or REST protocols, and sending and receiving SDMX
messages. From the SEP web service, it is possible to extract data in other formats (RDF,
Google/DSPL, JSON).

The same architecture is used for reporting to International Organizations in both push
and pull mode. For example, datasets from National Accounts, Job Vacancy Survey and
Labour Cost Indicator are extracted by domain managers and sent to Eurostat through the
eDamis channel (Eurostat's Single Entry Point). At the contrary, census data and
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economic indicators are collected in pull mode by Eurostat (Census Hub), OECD (STES)
and IMF (SDDS Plus).
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Figure 2. SDMX overall architecture in Istat

2.3. The SDMX Istat Framework building blocks

The SDMX Istat Framework is a set of pick-and-choose building blocks allowing a
statistical office to handle data and metadata that has to be shared with other
organizations or end users. It acts as a series of add-ons of the SDMX-RI in order to
cover most of the aspects identified within the Istat SDMX strategy.

The following component diagram depicts the view of the SDMX Istat Framework:



The SDMX Istat Framework building blocks are the ones with brown colour, while the
orange blocks identify extensions of the SDMX-RI components developed by Istat;

Builder - it allows creating an SDMX compliant database.
Loader - it allows loading into the SDMX compliant database csv or SDMX files.

On-the-fly Web Service - it is responsible for exposing the data and structural metadata
using a Web Service interface that follows the guidelines of the SDMX v2.0 standard for
Web Services and the Web Service Guidelines for SDMX v2.1 standard [6]. Data can be
extracted directly from the SDMX compliant database created through the Builder or
from any dissemination database mapped using the Mapping Assistant. Furthermore a
Data Collector Application can negotiate other format beyond SDMX-ML such as RDF,
Google/DSPL and JSON.

Metadata Web GUI — it provides a Web graphical user interface that helps domain
managers in designing SDMX artefacts, and end-users to browse and query the structural
metadata repository (extended Mapping Store database).

RSS Generator — it is responsible for generating a feed entry on the event of new data
arriving from the Loader. The generated feed is able to trigger Data Collector
Applications providing them the suitable SDMX queries.

3. CONCLUSIONS

International standards, such as SDMX, can help the modernization processes within the
statistical Organizations, but efficient tools should be available in order to speed the
implementations. The SDMX Reference Infrastructure could be considered a very good
starting point that can be easily integrated with existing information systems and
extended using the SDMX Common APIs: in this context the SDMX Istat Framework
represents a real use case.
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1. INTRODUCTION

In the European Statistical System (ESS), Data validation is a critical issue which faces a
number of problems due to the specificities of the production process. Data collection,
processing and compilation are done by Member States (MS), while more processing
steps and final dissemination at European level are performed by Eurostat. The role of
Eurostat is critical for spotting any error in the figures transmitted, but in many cases
Eurostat and MS perform similar validation checks, while in other cases it may happen
that some quality checks are performed neither by MS nor Eurostat.

The process suffers from a series of inefficiencies: lack of coordination, but also lack of
documentation, lack of formalisation of validation procedures and rules, low
harmonisation of software solutions. Even when they are properly documented,
validation rules are described using specific languages developed by individual process
managers independently from each other, instead of using a common harmonised syntax.
This situation raises several issues related to quality assessment (data completeness,
accuracy, timeliness and punctuality,...) while hampering the integration of validation
solutions and, as a consequence, the perspectives of a large-scale reduction of IT
development and maintenance costs at European level.

These issues require the elaboration of a comprehensive solution, which calls for a
portfolio of actions. At European level, a comprehensive project on data validation has
been launched in the framework of the ESS Vision 2020 [1]. The scope of this document
is to present an international activity, which is coordinated with the ESS action
mentioned above, and is specifically addressing the issue of the lack of a standard syntax
for expressing validation and editing rules.

2. THE NEW VALIDATION AND TRANSFORMATION LANGUAGE (VTL)

Building on the SDMX [2] ISO standard for data and metadata exchange, a task-force
was formed in 2013 with the purpose of elaborating a formal and standard framework for
the description of logical algorithms to validate statistical data and calculate derived data.

SDMX already has, in its information model, a module for "transformations and
expressions", although a specific language did not exist. To make this framework
operational, a standard “language” for defining validation and transformation rules (set of
operators, their syntax and semantics) is needed, together with appropriate IT formats for
exchanging rules and related metadata, and web services to store and retrieve them.

The intention is to provide a language which is usable by statisticians to express logical
validation rules and transformations on data, whether described as dimensional tables or
as unit-level data. The assumption is that this logical formalization of validation and

Eurostat, Unit B1: Methodology and corporate architecture — Standards Team
1


mailto:marco.pellegrino@ec.europa.eu

transformation rules would be converted into specific programming languages for
execution (SAS, R, Java, SQL, etc.) but would provide a “technology-neutral” expression
at business level of the processing taking place, against which various implementations
can be mapped. Experience with existing examples suggests that this goal is achievable.

An important point that emerged is that, besides SDMX which was the starting point,
other information standards (such as GSIM [3] and DDI [4]) were also interested in such
a language. However, each standard operates on its model objects and produces objects
within the same model: to cope with this, the VTL language has been built upon a very
basic information model, taking the common parts of GSIM, SDMX and DDI. This way,
existing technical standards (SDMX, DDI, others) may adopt VIL by mapping their
information models against the VTL one. Therefore, although a work-product of SDMX,
the VTL language will be usable with other standards as well.

In the VTL model, both unit and dimensional data are considered as mathematical
functions having independent and dependent variables and are treated in the same way.
For each Unit (e.g. a person) or Group of Units of a Population (e.g. groups of persons of
a certain age and civil status) identified by means of the values of the independent
variables (e.g. either the “person id” or the age and the civil status), the mathematical
function provides for the values of dependent variables, which are the properties to be
known (e.g. revenue, expenses ...). This way, the manipulation of any kind of data (unit
and dimensional) is brought back to the manipulation of very simple and well-known
objects, which can be easily understood and managed by users.

3. THE HIGH-LEVEL CHARACTERISTICS OF THE VALIDATION AND TRANSFORMATION
LANGUAGE (VTL)

The task-force identified the main characteristics that the language should follow:

* User orientation

v" designed for the users, who should be able to define transformation and validation
expressions autonomously, without IT skills and IT people intermediation;

v" intuitive and friendly (users should define and understand expressions as easily as
possible);

v' oriented towards statistics, which is the main user skill; it should be possible to
include operators specifically needed in the statistical process (for example
operators for data validation, editing and imputation, time-series processing, ...).

* Integrated approach

v" independent of the statistical domain of the data to be processed,

v mapped unambiguously to the proper information model (IM); in other words, it
should be able to operate on IM artefacts and to produce other IM artefacts (this
1s a basic property of any robust language).

v' suitable for various typologies of data of a statistical environment (for example
dimensional data, survey data, registers data or transactions, micro and macro,
quantitative and qualitative, ...), as much as they are supported by the IM;

v’ independent of the steps of the statistical process (GSBPM [5]) and usable in any
one of them.

* IT implementation independence
v not oriented to a specific IT implementation but allowing many different
implementations (this property is particularly important for a standard language,
which should not be tied to a specific IT solution and should allow different
institutions to rely on different IT environments);
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4.

v
v

able to support the possible use of various IT tools in an integrated IT solution
(for example, different calculation tools in different steps of statistical data
processing);

make users unaware of the IT solution as much as possible;

avoid impacts on users as much as possible if the IT solution changes (for
example following the adoption of another IT tool).

Active role for processing

v

v

v

described formally as for its grammar, to be easily parsed and processed (i.e. in
Backus-Naur Form);

able to drive the software that perform calculations, so automatically convertible
in the languages of the IT tools used for calculations (once the language is
defined, it might be useful to support its conversion in some widely used IT
languages, for example SQL, R, XML languages ...);

able to generate validation results that can be unambiguously interpreted by
software and as much as possible easily interpretable by statisticians.

Extensibility and customizability

v

v

v

to introduce new VTL operators according to evolution of the business needs (e.g.
the operators for the validation first and those for the compilation after);

able to include operators derived from other languages / tools (e.g. “SQL like”
operators, operators for time series processing ...);

able to customize the operators for specific needs, for example of specific
organizations / specific processing (note that this requirement is typically not
fulfilled by the IT languages that have a fixed list of operators).

Proper governance

v

v

It implies the creation of appropriate governance rules to control the evolution of
the language;

In addition to the standard, there is the need for allowing customized parts of the
language under the private governance of single institutions, which may integrate
the language for their own purposes; therefore coordinated governance rules
between the standard part and the customized parts should be introduced.

Language effectiveness
The effectiveness is connected to some aspect of the language features, for example:

v

v

v

v

Historicity: possible changes of the artefacts or its sets with reference to the
change of time;

Persistency control: possibility of specifying the persistency of the intermediate
results;

Expressions chaining: possibility of expressions having also other expressions as
an input parameter;

Strictly defined (or clearly stated when undefined) behaviour for missing data,
multi measures, data attributes.

RESULTS

In February 2015, after a public review period in autumn 2014, the VTL 1.0 package has
been published on the web at http://www.sdmx.org. The set includes:

a)

b)
©)

General part, highlighting the main characteristics of VTL, its core assumptions and
the information model the language is based on;

Full library of operators ordered by category, including examples;

BNF notation (Backus-Naur Form) which is the technical notation used as a test bed
for all the examples throughout the document.
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The operators included in this 1.0 version of VTL are summarized in the diagram below.

5. CONCLUSIONS

VTL 1.0 contains a high-level definition of the general characteristics of the language
and a list of operators for validation and transformation, as well as a simple information
model on which the VTL can operate. VTL is usable by statisticians to express logical
validation rules and transformations on data, whether described as dimensional tables or
as unit-level data. The assumption is that this logical validation and transformation rules
provide a “technology-neutral” expression at business level of the processing taking
place, against which various implementations can be mapped.

The specifications for exchanging VTL validation rules in SDMX messages, for storing
rules and for requesting validation rules from web services will be provided in a specific
update to the SDMX Technical Standards on which the task-force is working on. This
first implementation exercise will allow a further fine-tuning and bug-fixing of the first
version, leading to a VTL 1.1 within one year. At Eurostat, VTL will be primarily
implemented through SDMX. Implementation tests are already foreseen with some pilot
domains.
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1. INTRODUCTION

Some fundamental changes are affecting the environment in which producers of official
statistics are operating. Today, it seems widely accepted that statistical organisations will
need to evolve continuously to remain relevant and sustainable. Strategic initiatives at the
highest level (in particular the ESS Vision 2020 [1] and the HLG Strategic Vision [2])
consider that modernisation of official statistics will consist of a "standards-based
industrialisation" of statistical production, among others meaning that:

e Statistical processes should be made more efficient and robust by intensifying the
sharing of knowledge, experiences and methodologies but also by sharing data,
services and resources where appropriate;

e C(ollaboration should be based on agreed standards and common elements of
technological and statistical infrastructure which means that also processes and
information models are agreed and shared on a wider scale than in the past to achieve
modernisation objectives.

Statistical process management aims at managing, automating and improving processing
in national and international statistical organisations. Statistical organisations essentially
perform similar functions with differences depending on their contexts (e.g. languages,
code lists or processing methods). In the same way, various statistical domains covered
by an organisation (e.g. employment, prices, wages) are supported by specific production
processes but the activities carried out as part of various processes have generally much
in common. In many cases, differences between organisations and domains can be
captured as metadata and be fed into processes as operating data so that a common
process can serve despite the differences. This type of processes is generally referred to
as "metadata-driven processes". This approach enables the evolution from a "stovepipe
production model" to an "integrated production model" as envisioned by current
modernisation strategies.

With an analogy to model-driven software engineering [3] the benefits of a metadata-
driven approach to statistical production can be classified as following:

e Improvement in short-term productivity: increase in the value of production
components by increasing the number of functionalities they deliver. The more
functionalities can be provided by one component, the higher the productivity.

e Improvement in long-term productivity: reduction of the rate at which production
components become obsolete. The longer a component remains operational, the
greater the return derived from the effort of creating it. This can be achieved by
reducing sensitivity to some types of changes in the following ways:
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o Knowledge externalisation: reduction of dependence to individual personnel
members by extracting knowledge and representing it in structured and
accessible ways.

o Agility and adaptability to changing requirements: new features and
capabilities can be supplied with limited impact on existing parts in terms of
maintenance efforts and disruption to existing systems. Responses to
changing user needs and opportunities provided by the environment can be
addressed using a configurable modular production infrastructure minimizing
human intervention on the infrastructure.

o Technological independence towards tools used to create and execute
processes: this is achieved by decoupling components from their development
tools and by storing metadata artefacts in formats that can be used by other
tools.

The metadata-driven approach relies strongly on principles of standardisation and
interoperability, reuse and domain-independent standard processes. It should be noted
that interoperability and standardisation may be considered at different levels (e.g. legal,
organisational, semantic, technical) as underlined by the European Interoperability
Framework (EIF) [4].

2. METHODS

Official statistics modernisation initiatives typically consider Enterprise Architecture
(EA) as a framework. The EA framework aims basically at enforcing that IT
developments are aligned with business strategies and advocates strong separation of
concern and strict decoupling between four considered architectural layers: business
architecture, information architecture, application architecture and technology
architecture. In the context of official statistics the following definitions can be provided
for the first 2 layers [5]:

e Business Architecture (BA) covers all the activities undertaken by a statistical
organization, including those undertaken to conceptualize, design, build and
maintain information and application assets used in the production of statistical
outputs. BA drives the Information, Application and Technology architectures for a
statistical organization.

e Information Architecture (IA) classifies the information and knowledge assets
gathered, produced and used within the Business Architecture. It also describes the
information standards and frameworks that underpin the statistical information. 14
facilitates discoverability and accessibility, leading to greater reuse and sharing.

In this approach, standardisation is a key-enabler for achieving modernisation ambitions
of increasing the level of sharing and re-use. Indeed, a sufficient level of standardisation
is necessary on each EA layer to permit integration of building blocks on a service based
configurable production platform.

On the top level, BA is supported by a proper Business Process Management (BPM),
which can be defined as a management discipline targeting the improvement of corporate
performance by managing and optimising the organisation's business processes.
Interoperable business processes need to be structured according to common standards.
This is achieved at the level of the global statistical community thanks to a major
business architecture standard for official statistics: the Generic Statistical Business
Process Model (GSBPM) [6]. Business processes modelled according to common BA
standards will allow for organisational interoperability (in EIF terms). In a metadata-
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driven approach, business capabilities required by production processes will be supported
by services designed according to principles of a Service-Oriented Architecture (SOA).
SOA may be defined as “a paradigm for organising and utilising distributed capabilities
that may be under the control of different ownership domains. It provides a uniform
means to offer, discover, interact with and use capabilities to produce desired effects
consistent with measurable preconditions and expectations” [7]. In this context, a SOA
service is defined as “a discrete unit of business functionality that is made available
through a service contract” and designed according to a set of principles such as loose
coupling, abstraction, reusability, autonomy and statelessness.

A distinction between generic and specific functions can be made based on the specificity
of the business-logic that is encapsulated. Nevertheless, some functions may contain an
important amount of business logic while having the potential to be used in various
contexts. The criterion proposed to distinguish between specific and generic functions is
the level of dependency towards individual statistical domains. In our context, a
metadata-driven process is defined as a process that relies on activities that do not embed
domain-specific business logic but rather access it through a corporate metadata registry
representing it according to corporate metadata standards. Domain-specific content
parameterizing metadata-driven processes and metadata outputs resulting of process
executions comprise concepts and definitions, data and metadata structures, information
related to data exchange, descriptions of business process models, business process
implementations, descriptions of data processing, process metrics, and reference
metadata of all nature.

Abstraction layers play an important role in the context of metadata-driven processes:

e Abstraction of business entities manipulated by services: data are manipulated
through structural representations referenced centrally by a metadata registry.
Different levels of modelling are considered: conceptual-level reference models
such as the Generic Statistical Information Model (GSIM) [8] which provides an
overarching pivot-model to which implementation-level standards can be mapped
(e.g. SDMX, DDI, XBRL, RDF, ...).

e Abstraction of operations performed by services on business entities: operations
are manipulated through representations independently of their implementation.
Processes and available services are referenced centrally by a metadata registry.
Information models will cover different levels of abstraction of processes,
essentially process design, implementation, execution and monitoring.
Representations linked to processes are based on standard information models as
well (e.g. BPMN, XPDL, BPEL, VTL?, ...).

Abstraction of operations and data allow enforcing several of the SOA principles and
ultimately designing and executing business processes independently of underlying
technical implementations. Implementation of EA and SOA in the context of official
statistics is supported to some extent by the specification of a Common Statistical
Production Architecture (CSPA) [9] developed in recent years at the level of the global
statistical community.

3. RESULTS

Metadata-driven processes allow sharing IT and methodological components across
different domains and different organisations. The idea is that all the detailed technical

? Validation and Transformation Language, the new standard language developed by a task-force of the
SDMX Technical Working Group: see www.sdmx.org.
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work to implement the process can be done once and an abstracted process made
available to various users. Using the process in a particular context (i.e. organisation or
domain) then requires only all the required input metadata to be available. This not only
achieves the goal of making the process reusable in a variety of contexts but also
captures, in the metadata, all of the specific knowledge needed to run the process in the
local context - knowledge that otherwise lives in minds of individuals and is hard to
capture and document. This also represents a progress against the goals of standardised
processes, repeatability, and error and quality management.

Operating a statistical organisation with metadata-driven processes offers several
advantages among which those described below:

e Highly configurable process flows: in most cases, no software has to be updated to
create or update a production flow only metadata need to be updated.

o This results in a much higher flexibility of the whole statistical production
process.

o This results in an empowerment of statisticians limiting IT-related tasks and
allowing a stronger focus on most value-adding activities such as statistical
design, configuration and monitoring of process flows, interpretation and
explanation of results, etc.

e High level re-use of software: generic configurable functions are supported by cross-
domain shared statistical services.

o Resulting in an increased efficiency and reduced costs by avoiding multiple
developments of virtually the same software in different production lines or
different organisations.

o Resulting in an increased harmonization and interoperability through the use of
standard software building blocks.

o Resulting in an improved quality of the data through the use of widely accepted
and validated software building blocks and improved comparability among data
coming from different countries.

e High level re-use of metadata: common metadata elements are shared across
statistical domains.

o Resulting in an increased efficiency and reduced costs by avoiding multiple
developments of redundant and potentially inconsistent metadata elements in the
area of processes, exchanges, structures and concepts in different production lines
or different organisations.

o Resulting in an improved quality of the data through the use of shared and widely
accepted metadata elements in the area of concepts, process models, processing
instructions, etc.

o Resulting in improved possibilities of evaluation and monitoring of the whole
statistical production process through exhaustive, standardised and centrally
accessible process metrics.

This being said, it should be clear that the evolution towards a metadata-driven approach
to statistical production has several implications in terms of infrastructure and business
changes required and represents several challenges:

e Metadata standards: the deployment of metadata-driven statistical production
processes requires the availability of corporate models and standards for the
representation of metadata related to data and processes. The elaboration of a robust
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solution in this area represents a necessary investment to enable intensified sharing of
processes, methods and IT components across statistical domains and organisations.

e Corporate metadata registry: metadata-driven processes rely on a metadata registry
that is the interface from which metadata inputs are acquired and to which metadata
outputs are communicated. The metadata registry is the central component of a
metadata-driven production approach. The capacity to deploy metadata-driven
statistical production processes depends on the availability of an adequate metadata
registry implementing the corporate metadata models and standards.

e Process manager: the availability of a process manager and the integration of such a
component with the corporate metadata registry is a key element enabling the
deployment of metadata-driven statistical production processes.

e Re-engineering of production processes: processes need to be designed to be
metadata-driven and to use corporate metadata standards and infrastructure.
Although it is possible to deploy one or just a few metadata-driven processes in an
organisation, the metadata-driven approach delivers its maximum value when all of
the business processes are metadata-driven, as this allows the highest degree of
factorisation of metadata and services. The deployment of a metadata-driven
production approach would thus require ultimately that all business processes are
possibly re-engineered through a comprehensive corporate Business Process Re-
engineering (BPR) programme.

4. CONCLUSIONS

ESS Vision 2020 modernisation objectives of improving efficiency of the overall
statistical production process can be met by the generalization of metadata-driven
processes. Productivity gains can be expected from this approach in the short-term
through intensified sharing and re-use of production assets (IT and methodological)
across statistical domains and organisations. Productivity gains in the longer term will be
achieved by improving transparency, maintainability, adaptability and technological
independence of production components. Such an approach is also expected to deliver
benefits in the areas of processes standardisation, repeatability, and quality management.

The metadata-driven production paradigm has strong implications in terms of metadata
management in statistical organisations. Current metadata management infrastructure
will generally not be adapted to requirements of metadata-driven production based on a
SOA [10]. This new paradigm will require a more holistic coordination of metadata
management. Next-generation metadata registries will be required to provide sufficiently
exhaustive and structured information to centralise and drive the complete statistical
production process with a performance that allows users to meet their own Service Level
Agreements (SLAs). This is expected to enable horizontal synergies (across domains and
organisations) and vertical synergies (across EA layers). Such an evolution is expected to
be facilitated by the adoption of explicit metadata management strategies and the
development of proper information architectures by statistical organisations.

The organisational impact of implementing this new paradigm for statistical production
should not be neglected and the elaboration of stepwise implementation relying on a
proper change management will certainly be a key enabler for a successful evolution
towards an integrated metadata-driven statistical production approach in the long-term.
In this respect, experiences of organisations that have already started investing in this
direction will be extremely valuable (notably INE in Spain [11] and ABS [12] in
Australia).
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1. INTRODUCTION

The Internet can be considered as a data source (belonging to the vast category of Big
Data), that may be harnessed in substitution, or in combination with, data collected by
means of the traditional instruments of a statistical survey. The survey on “ICT in
enterprises’, carried out by all EU Statistical Institutes, is a natural candidate to
experiment this approach, as the questionnaire contains a number of questions, related to
the characteristics of the websites owned or used by the enterprises, whose answers can
be deduced directly by the content of these websites (for instance the presence of web
sales functionalities). An experiment is being conducted whose aim is twofold: (i) from a
technological point of view, to verify the capability to access the websites indicated by
enterprises participating to the sampling survey, and collect all the relevant information,
(i) from a methodological point of view, to use the information collected from the
Internet in order to predict the characteristics of the websites not only for surveyed
enterprises, but for the whole population of reference, in order to produce estimates with
a higher level of accuracy. The first phase of the experiment has been based on the use of
the survey data, that is a sample of 19,000 respondent enterprises, that indicated a total of
8,600 websites. Websites have been “scraped” and collected texts have been used astrain
and test setsin order to verify the validity of the applied machine learning techniques [1].
In the second phase, the whole reference population (192,000 enterprises) is involved,
together with the about 90,000 websites owned or used by them. The web scraping task,
that was already crucial in the first phase, becomes critical from the point of view of both
efficiency and effectiveness, considering the increased number of websites. For this
reason, a number of different solutions are being investigated, based on (i) the use of the
Apache suite Nutch/Solr, (ii) the use of the tool HTTrack, (iii) the development of new
functionalities for web scraping in the package ADaM Soft making use of JSOUP. In this
paper, these alternative solutions are evaluated by comparing obtained results in terms of
both efficiency and compliance to Official Statistics (OS) requirements.

2. WEB SCRAPING SYSTEMS

In this Section, we first introduce the Web scraping concept and we position our work
with respect to previous ones (Section 2.1). Then, in the subsequent sections we provide
an overview of the scraping systems under evaluation (Sections 2.2, 2.3 and 2.4)
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2.1. Web Scraping: State of the Art in Official Statistics

Web scraping is the process of automatically collecting information from the World
Wide Web, based on tools (called scrapers, internet robots, crawlers, spiders etc.) that
navigate, extract the content of websites and store scraped data in local data bases for
subsequent elaboration purposes. Previous work on the usage of Internet as a data source
for Official Statistics by means of Web scraping was carried out by Statistics Netherlands
in recent years [2]. In particular, a first domain of experimentation was related to air
tickets: the prices of air tickets were collected daily by Internet robots, developed by
Statistics Netherlands supported by two external companies, and the results were stored
for several months. The experiment showed that there was a common trend between the
ticket prices collected by robots and existing manua collection [3]. Two additional
domains of experimentation were Dutch property market and Clothes prices, the first
exhibiting more regularity in the sites structure, the latter more challenging with respect
to automatic classification due to lack of a standard naming of the items, and variability
in the sites organization. Similarly, in ltaly a scraping activity was performed to get on
consumer electronics prices and airfares [4].

2.2. The Apache Stack: Nutch/Solr/Lucene

The Apache suite used for crawling, content extraction, indexing and searching results is
composed by Nutch and Solr. Nutch (available at https://nutch.apache.org/) is a highly
extensible and scal able open source web crawler; it facilitates parsing, indexing, creating
a search engine, customizing search according to needs, scalability, robustness, and
scoring filter for custom implementations. Built on top of Apache Lucene and based on
Apache Hadoop, Nutch can be deployed on a single machine as well as on a cluster, if
large scale web crawling is required.

Apache Solr (available at https.//lucene.apache.org/solr/) is an open source enterprise
search platform that is built on top of Apache Lucene. It can be used for searching any
type of data; in this context, however, it is specifically used to search web pages. Its
major features include full-text search, hit highlighting, faceted search, dynamic
clustering, database integration, and rich document handling. Providing distributed
search and index replication, Solr is highly scalable.

Both Nutch and Solr have an extensive plugin architecture useful when advanced
customization is required. Although this web scraping approach requires an initial effort
in terms of technological expertise, in the long run it can lead to a substantial return on
investment as it can be used on many other contexts to access Big Data sources. As an
example, it can be used as platform to access and analyse web resources like blogs or
social media, to perform semantic extraction and analysis tasks.

2.3. HTTrack

HTTrack (available at http://www.httrack.com/) is a free and open source software tool
that permits to “mirror” localy a web site, by downloading each page that composes its
structure. In technical termsit is a web crawler and an offline browser that can be run on
several operating systems (Microsoft Windows, Mac OS X, Linux, FreeBSD and
Android). HTTrack’s strength points are ease of use, fine parameters configurability. It
can be run viagraphical user interface or in batch mode via command line.



2.4. JSOUP

JSOUP (http://jsoup.org) permitsto parse and extract the structure of aHTML document.
It has been integrated in a gspecific step of the ADaMSoft system
(http://adamsoft.sourceforge.net), this latter selected as already including facilities that
allow to handle huge data sets and textual information. In this approach we collected the
content of the HTML pages and the information on their structure (TAGS), because these
can contain discriminant terms that can help us in identifying the nature of the website;
for example a button associated to an image called "paypal.jpg" could be a clear sign of
web sales functionality.

3. A COMPARATIVE ANALYSISAND RECOMMENDATIONS

The three systems described in the previous sections have been compared with respect to
efficiency features (summarized in table 1). In addition, it is possible to verify how they
are appropriate to address requirements that are specific to their usage in Official
Statistics production processes (summarized in table 2).

Tool # websites reached Average Time Type of Storage
number of spent Storage dimensions
webpages

per site
Nutch 7020 / 8550=82,1% 15,2 32,5 hours Binary files 2,3GB
on HDFS (data)
5,6 GB
(index)
HTTrack 7710/ 8550=90,2% 43,5 6,7 days HTML files 16,1 GB
on file
system
JSOUP 7835/8550=91,6% 68 11 hours HTML 500MB
ADaMSoft
compressed
binary files

Table 1: Efficiency features of the three systems
Looking at Table 1.

» HTTrack and JSOUP are comparable with respect to web site reachability, while
the number of websites reached by Nutch is considerably lower.

= JSOUP outperforms on the actual download of pages at the reached sites with
respect to both the other systems.

= Time performances are again in favour of JSOUP. However, it is important to
notice that we did not spend too much time to optimize the performance of
HTTrack as it was the system that we experimented later in time, i.e. there is a
margin to optimize such performances in the next steps.

= Space performances. Given that JSOUP was integrated with the ADaM Soft
system, it was possible to compress the files resulting from the scraping and
hence to save disk space.



Tool Access to specific Download site content as Document Scalability to
element of HTML whole for semantic Querying Big Data Size
Pages extraction and discovery
Nutch Difficult Easy Easy Easy
HTTrack Easy Easy Difficult Difficult
JSOUP Easy Easy Difficult Difficult

Table 2: Effectiveness of the systemswith respect to requirements

Asshownin Table 2;

4.

The column related to the access to specific elements of HTML pages does show
that HTTrack and JSOUP are more appropriate than Nutch. In order to
understand the implication of such a feature, it is important to notice that the
scraping task can be design-based, i.e. it is possible to design in advance the
access (i) to elements of specific website structures (e.g. the table of a specific
site related to the price list of some products) or (ii) to general website elements
(e.g. the label of a shopping cart image possibly present). Nutch does not allow
(easily) this kind design-time access, being instead more appropriate to carry out
exploratory runtime analysis (as remarked also by the following features).

The column Download Site Content does show that the three systems perform
well, i.e. they address the requirement by permitting an easy implementation of it.
The column Document Querying shows that Nutch is the best, and this is indeed
motivated by the natively integration of Nutch with Solr/Lucene platform.

Finally, to address the scalability need, the native integration of Nutch with
MapReduce/Hadoop infrastructure makes Nutch again the best choice. However
we do observe that the fact that JSOUP has been integrated within ADaM Soft
also permits to store on a secondary structured or semi-structured storage in order
to scale up (though we have not yet tested this functionality).

CONCLUSIONS

A first remark is that a scraping task can be carried out for different purposes in OS
production, and the choice of one tool for al the purposes may not always be possible.

For the specific scraping task required by the “ICT Usage in Enterprises’ survey, the
usage of JSOUP/ADaM Soft appears to be the most appropriate. In the second step of the
project, when we will have to scale up to about 90,000 websites, we will test how such a
system performs with respect to the scalability issue.

Finally, we highlight that the scraping task evaluated in this paper with three different
systems is a sort of “generalized” scraping task: it indeed assumes a data collection
without any specific assumption on the structure of the websites. In this sense it goes a
step further with respect to all the previous experiences
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1. INTRODUCTION

The paper and presentation on automatic price collection on the internet inform the
statistical community about advantages and pitfalls of the usage of web scraping
technologies for official statistics.

The paper describes in detail technological, data security and legal requirements of web
crawlers.

Currently, Statistical Institutes staff members manually collect already a significant
amount of data on the internet. The growing importance of online trading requires even
more price collection from the internet. Budgetary constraints, however, call for a more
efficient deployment of existing human resources to master the additional work load.
Automatic price collection can, at the same time, support this objective and achieve
higher quality price statistics. Nevertheless, legal (permission to crawl on private
websites), technological (increased exposure of IT-system to potentially dangerous
internet contents), human (need for IT-training), budgetary (implementing and
maintenance costs) issues need to be taken into account when deciding on using this new
data collection method.

2. METHODS

The usage of automatic price collection on the internet as a new data collection method is
a two-year project of Statistics Austria’s Consumer Price Statistics department. The two-
year project is supported by a Eurostat Grant and part of the activities to modernise price
statistics [1].

The project is structured in several tasks which is described by the conference paper in
detail:

- Selection of software
The automatic price collection software has been selected according to several criteria.

e The software must provide a high level of usability.

e It has to be software that can be easily understood by non-IT price statistics staff
members.

e The software should provide a surface that enables users with basic IT knowledge
to change the price collection procedure (e.g. in case of website changes).

e The software must provide a well maintained documentation and should be
adoptable the internal IT system.

! Statistics Austria — Consumer Price Index
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e Before any implementation, IT-specialists assure that the software is safe to
operate and that it comes along with appropriate licensing, testability and
supportability.

e A risk analysis assesses the potential legal and data security problems.

-Legal Analysis

The legal department assesses the national legal framework concerning the jurisdiction
on the extraction of online product information for statistical purposes. As a result, the
legal requirements are taken note of and a stringent ‘rules of conduct’ for the automatic
price collection have to be written and published which transparently describes the
methods used to perform web scraping.

- Implementation and maintenance of software and supporting IT infrastructure
The IT department acquires and installs the selected software. Maintenance procedures to
update and test the software regularly and to provide support needs to be set up and
documented. Automatic web scraping has been identified as a potential leak for Statistics
Austria’s IT-System. In order to avoid viruses, hackers etc. to infiltrate the internal IT-
system the web scraper operates within a standalone system on a separate server.
Employees access the software and the scraped data by using a remote server from their
PC. Furthermore, IT develops and maintains an infrastructure (SQL Database) to store
the extracted data.

- Selection of Product Groups and Online Retailers

In the beginning, Product Groups and Online Retailers are selected according to currently
valid manual price collection procedure. This approach facilitates the comparison of the
results from automation. In a later step, product groups and retailers not yet in the price
index sample will be targeted.

-Development of automatic price collection processes using the selected software
Price statistics staff use the web scraping software and create automation scripts to
continuously download price data from eligible online retailers. This step includes
checking the compatibility of the specific extraction methods applied on the selected
data-sources (online retailers). Quantitative as well as imitating approaches are
considered. The Quantitative approach aims at continuously harvesting all the available
price data from selected websites. The imitative approach collects automatically the data
according to criteria, which are currently already applied in the manual price collection.
Internet data sources are connected directly to output files (e.g. live databases and
reports), the extracted data is analysed and cleaned for price index compilation. In the
end, an automatic price collection system will produce data that can be directly used for
the production of elementary aggregate price indices. Quality control and price collection
supervision as well as changes to the automation scripts are done by price statistics
department staff. IT infrastructure and software maintenance (updates) are supplied by
IT.

-Development of quality assurance methods

Part of the quality assurance is the comparison of automatically collected price data with
manually collected prices. Later, predefined research routines and consistency checks
will be deployed. An optimal method would be the deployment of a second web crawler
software whose results could be automatically compared with the results of the first web
crawler.

-Usage of automatic price collection for various price statistics
In order to maximise the output of the investment into automatic price collection, the
actions of the project will aim at the inclusion of as many price statistics as possible.
Thus, all price statistics projects will cooperate on the development, in particular HICP
and PPP, but also other price statistics such as the Price Index on Producer Durables.
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3. RESULTS

Currently, the pilot project performs all project tasks using the web crawling software
import.to. The main advantage of the tested software is that no advanced programming
skills are needed to perform changes to the web crawling programs in case of website
changes.

The success of automatic data collection depends on the ability of the deployed web
crawler to simultaneously improve the data quality while reducing the overall data
collection costs. Table 1 provides first details on the ability of automatic price collection
to achieve these goals :

Table 1. Comparison — Manual vs. Automatic Price Collection method - Flights

Method Product | # of Prices | Work load Comment
Group
Manual Flights | Ca. 200 16h per month | Ca. 5 min per price
Web crawler | Flights | Ca. 4000 4h+X X= irregular maintenance work

The monthly working hours spent to collect the prices needed to compile the index for
prices on passenger flights can be substantially reduced from 16 to 2 hours. In fact, the
actual manual price collection has been completely replaced and the quality of the price
index will be higher due to an increased number of measured price quotes. The two hours
needed for the automatic price collection method cover various tasks, such as data
importing, data cleaning and data checking. In the course of the project, the work load
factor X, the irregular maintenance work needed to run the web crawler, has to be
assessed and quantified. Maintenance is required when website architecture is changed.
There is evidence that the resources needed to perform the irregular maintenance work
depends on the individual website and heavily affects the total work load. Thus, a critical
cost effectiveness analysis is needed when applying automatic price collection methods.

4. CONCLUSIONS

The web crawling technology provides for an opportunity to improve statistical data
quality and to reduce the overall workload for data collection. Using automatic price
collection methods enables statisticians to react better to the increasing amount of data
sources on the internet. Any implementation of the method requires thorough planning in
various fields. Legal and data security aspects need to be dealt with in the beginning.
Necessary IT resources and IT training required to maintain the automatic data collection
system have to be estimated in the course of a pilot project and should not be under-
estimated.
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1. INTRODUCTION

A smart meter is an electronic device that records and stores consumption information of
either electric, gas or water at frequent intervals. These data can be transmitted wirelessly
to a central system for monitoring and billing purposes.

The European Commission’s Energy Efficiency Directive” is a common framework of
measures for the promotion of energy efficiency within the EU. It supports the EU’s
2020 headline target on 20 per cent energy efficiency, and its provision for the roll-out of
smart meters requires member states to ensure that at least 80 per cent of consumers have
intelligent electricity metering systems by 2020.

The separate countries of the UK collectively have one of the most ambitious roll-out
policies within the EU: to put electricity and gas smart meters in every home by 2020
with rollout starting in 2016.

Smart meter electricity energy usage data is attractive to statistical organisations as,
subject to data access, it provides detailed information on household energy consumption
and at high levels of frequency.

Preliminary research in the UK’s Office for National Statistics has focused on the
potential of smart-type meter electricity usage data, made available for research through
energy trials, to model days where a household may be unoccupied. As a retrospective
analysis using actual smart meter data, this information may have a use in the quality
assurance of census data. An extension of the research is to investigate whether long-
term unoccupied households may be identified, of great use within validating estimates
of such properties or to aid with processes such as survey and census fieldwork.

2. METHODS

Data was sourced from consumer behaviour trials of smart-type meters conducted in
Ireland and held in the Irish Social Science Data Archive’. These data include 30 minute
frequency electricity energy usage readings on over four thousand households over 18
months in 2009-2010. These data contain 108 million observations.

The team tested various methods for predicting whole days when a household may be
unoccupied. As there is no information on whether a property is actually occupied or not,
the accuracy of the methods to detect unoccupied households was conducted by
examining energy profiles over time by eye. If electricity consumption is fairly flat
across 24 hours then the assumption is that the property is unoccupied on that day.

' Office for National Statistics

http://ec.europa.eu/energy/efficiency/eed/eed en.htm
http://www.ucd.ie/issda/data/commissionforenergyregulationcer/
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Correspondingly, if there is evidence of unsystematic variation in energy usage,
particularly associated with either morning and/or evening peaks, then the property is
assumed to be occupied. Validation of the methods in this way is therefore subjective;
one person may think that the household is occupied based on the consumption data,
another person may not.

3. RESULTS

3.1. What electricity consumption pattern does an unoccupied household
have?

The graph below shows the mean daily electricity consumption pattern during the trial
period, as well as the consumption pattern for what is thought to be an unoccupied day
for one sampled household.
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Figure 1: Half hourly consumption for a selected household

The mean daily consumption over the trial period for this household is typical in that
both a morning peak and an evening peak can be observed with a dip in the middle when
household occupants may be temporarily absent from the home. The unoccupied day has
a regular cyclical pattern of electricity consumption, typical of appliances driven by
automated controllers such as a fridge or freezer. This is the pattern that has been most
often observed in what have been classed as unoccupied households during this research.

3.2. Overview of results

The methods developed used various attributes of energy expenditure on a given day
such as the daily average, night time average and variance as well as looking at
differences in these values to the ‘usual’ energy expenditure in a household. Although
some of the methods appear to classify unoccupied days reasonably well on their own
and with little misclassification, it is conjectured that using methods in combination
might further improve classification.

The research is being extended to look at combining methods as well as exploring
options to identify longer term vacant households, although the trial data is limited here
as it does not contain many such households. With further research to refine the most
promising methods and to identify the most influential variables it is proposed that
logistic regression might also be used.



4. CONCLUSIONS

This abstract outlines the research undertaken into the potential of using the data from
trials of smart-type electricity meters to help improve official statistics.

The dataset used contains half hourly electricity consumption of over four thousand
households over an 18 month period. It was used to develop initial methods to determine
the likelihood of whole days when households appear to be unoccupied.

The data on which these methods were tested is large and required processing using big
data technologies. Manipulation of similar data representing all households in England
will require significant knowledge of a range of big data technologies.
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1. INTRODUCTION

The GDP and beyond debate has reached some stable points on the construction of
indicators for well-being, societal progress and sustainability. Research, pushed by the
increasing discussion over the last fifteen years, has broadly converged in terms of
methodology and techniques for an integrated framework of measures able to represent a
“real tool” to explain the phenomena beyond GDP. The European and global research
has grown thanks to the various initiatives carried out since the beginning of the new
millennium by the multiple actors involved in the production and utilisation of statistics.
The European Statistical System (ESS), together with OECD, UNECE and other relevant
partners from academia and the research world, has been deeply involved. With the
Sponsorship Group on ‘Measuring Progress, Well-being and Sustainable Development’
[1], the ESS has called the National Statistical Institutes (NSIs) to outline a strategy to
develop statistical information to meet the Stiglitz’s Commission recommendations [2]
and then with more recent initiatives is pushing for their implementation focusing also on
the understanding and usage of the new measurements.

Among the various European initiatives recently carried out, the EU FP7 project e-Frame
European Framework for Measuring Progress represents an important effort carried out
by NSIs jointly with relevant stakeholders involved in the new measurements beyond
GDP.

2. E-FRAME PROJECT

The e-Frame Project (www.eframeproject.eu), funded by the European Commission
(EC), DG Research and Innovation, (duration 2012-2014), relied on a 19-partner
consortium, chaired by the Italian National Institute of Statistics (Istat) and Statistics
Netherlands (CBS). The consortium had a pan-European dimension and involved four
main European National Statistical Institutes (Italy, the Netherlands, France and United
Kingdom), two civil society organisations, seven academia and five research centres as
well as the OECD giving an international perspective. To suit the EU request, e-Frame
was structured into a work plan able to face the issues related to methodological and
theoretical aspects of the measurement of societal progress and wellbeing. Several
initiatives were envisaged in order to spread knowledge, with particular attention to the
European level, on large parts of the issues related to the measurement of wellbeing and
progress. Sustainable development, subjective wellbeing, social capital, human capital
and labour market, intangible assets, new national account architecture, environmental
indicators and the welfare effects of globalisation are some of the themes focused by the
nine thematic workshops and the two conferences (one initial and the other final) held by
the project. Moving from the stocktaking on existing indicators and measurements, e-
Frame envisaged cross-cutting activities with the aim to provide guidelines for the use of
the indicators by policy makers and to define a roadmap for addressing future research
needs at the European level. With the ultimate ambition to state a European position on
the measurement of well-being and progress able to interact at a global level, the

' Istat, The Italian National Statistical Institute

2 Istat, The Italian National Statistical Institute
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European Network on Measuring Progress (e-FrameNET), with a dedicated section on
Wikiprogress platform hosted by OECD, was established as an off-shot of the project.

3. RESULTS

Fostering the European position and contributing to setting the future EU agenda are the
two streams in which the outputs of e-Frame project were embedded. Against it, a
Roadmap for future research needs for the development, the understanding and the usage
of the indicators as well as a Map of policy use of Progress indicators are the main policy
outcomes of the 30-month activity of the project.

3.1. A Roadmap for future research needs

The Roadmap [3] is a cross-cutting deliverable that has benefited from the results of all
the activities carried out by the project. To this effect the Roadmap has collected:
feedbacks from the stocktaking and dissemination activities (workshops and conferences)
envisaged by the work plan and others; contacts with the project partners for their
suggestions and comments; suggestions from e-Frame Advisory Board; contacts with and
feedbacks from similar work underway at national and international level through the e-
FrameNET - European Network on Measuring Progress; comments and suggestions from
the EC. The Roadmap was conceived to address relevant gaps and research needs to be
put at the centre of future research agenda at a European level by the European
Commission and by the European Statistical Systems in the area of GDP & Beyond. To
permit an easier reading of the Roadmap, the research needs have been grouped into four
main streams even if it is necessary to consider the limit of cataloguing these issues that
are by nature and scope interrelated and partly overlapping.
The first stream reports the research needs on Measurement issues in official statistics.
The ESS, comprising Eurostat and the EU NSIs, has worked hard to adopt the
recommendations of the Sponsorship Group on ‘Measuring Progress, Well-being and
Sustainable Development’, but a lot has still to be done in order to develop better
statistics and concise indicators. This brings to recognise the needs for widening and
strengthening the official statistical production and targeting at a better harmonisation
and standardisation of concepts and indicators. Fostering the bottom-up approach
initiatives of stakeholder’s consultations and the dialogue with the society at large
supported by the Web 2.0 tools would also contribute to put the program into concrete.
Despite the great amount of work already undertaken, there exist information needs that
are not fully met by official statistics yet: continue implementing subjective indicators;
report indicators at different levels (local, national, global); disaggregate at the right
dimension (e.g. target groups); harmonize concepts, standards and definitions and
provide metadata; improve the timeliness of data; improve indicators of sustainability;
increase micro data availability; analyse quality implications for well-being
measurement; train at University level on Official Statistics on measuring progress.
The second group is related to the Exploitation of non-official sources. The demand for
measuring progress, well-being and sustainable development in a multi-dimensional way
needs “more” information and data. It brings to the necessity to exploit the integration
and complementarity of official data with non-official data. Non-official sources can
cover product areas and sectors excluded from official sources, filling important data
gaps: bridge top-down and bottom-up approaches for the construction of the statistics;
foster the usage of non-official data; exploit crowd sourced locally generated data;
integrate and complement official data with non-official data; develop technologies for
the use of big data and open data; evaluate the role for non-official data in a cost-benefit
perspective; validate the usage of non-official data in a “new” quality framework; label
the non-official data to be clearly distinguished from the official ones.
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The following group deals with the Communication issues. Communication and
dissemination strategies are crucial to enforce the awareness of the importance of “better
statistics” on well-being and societal progress for all the stakeholders. In particular an
effort has to be driven towards the business world not used yet to read figures different
from GDP. Communication and dissemination strategies can enable and encourage
public debate and provide decision makers with a wealth of information to develop more
informed policies. To this effects data visualisation, including new social media
platforms combined with traditional media, need to be enhanced and brought up-to-date.
An indicative list of the research needs for Communication is the following: facilitate the
communication to policy makers; find a wording for policy makers; develop Web2.0
tools to improve the understanding of progress statistics; exploit the digital initiatives
carried out by communities for statistics beyond GDP; foster the culture on the
measurement of well-being; educate the opinion leaders and journalists; inform and train
the business world and educate the market to read new measurements as a chance to
catch for their business; enrich statistics with storytelling.

The last group refers to 4 policy use of progress indicators. There are inter-linkages
between the various progress indicators. The different domains constitute a “spider net”
while policy makers are used to working in a specific domain ignoring the critical role of
other sectors. Work should be done to look forward to a wide integrated vision
identifying the main drivers of well-being and to assess the overall impact of alternative
policy options on people’s life. The main needs listed on this side are: develop models
capable to describe the trade-off between different dimensions and simulate the various
effects; develop an integrated framework for a policy use of progress indicators; evaluate
the “Institutional” Sustainability for a well-being oriented policy; develop risk indicators
to measure the social effect of not doing; construct econometric models of simulation to
measure the effect of the policies on well-being; study how the use of well-being
indicators positively influences the (good) policies; develop a beyond GDP narrative.

3.2. A Map of policy use of progress indicators

The Map [4] aims at providing policy makers with ideas and tools that can guide and
support their policies. It stands at the forefront of the debate: despite a rich literature,
progress indicators are not yet part of the political action, except for few exceptions.
Thus, the Map has the ambition to contribute to the current debate and to further promote
policy use of progress indicators by reporting most recent advancements in measuring
well-being and sustainable development, presenting successful experiences of policy use
of indicators, discussing existing gaps, proposing improvements and suggesting
recommendations for use. From a content viewpoint, it moves along the border between
methodological issues and policy use. As the different chapters show, from e-Frame
work it emerged that: 1) for some subject areas the relevant measures are not fully
developed yet and some research is still needed to produce the required indicators; ii) for
many other subject areas measures are currently produced by official statistics but they
are often ignored by policy making and iii) finally, there exist good practices of policy
making which already moved “beyond GDP” that are reported as well. The Map collects
contributions from all e-Frame activities that are divided into three main sections: 1)
measuring well-being and societal progress; i1) methodologies and tools for measuring
well-being and societal progress; iii) integrated policy frameworks. The initial chapter
“Policy use of progress indicators” provides a general overview of the state-of-the-art on
the actual use of beyond GDP indicators.



4. CONCLUSIONS

The debate generated by e-Frame project and its main policy outcomes, the Roadmap for
future research needs and the Map of policy use of Progress indicators, have identified
the stable points reached on GDP & Beyond so far, as well as the open issues to be
addressed in future research agendas. Acknowledging the complexity and the
multidimensional essence of well-being, they represent policy oriented tools supporting
an effective usage of progress indicators by stakeholders and policy makers. On the
communication side it is necessary to keep on working hard to increase the awareness of
the importance of thinking in terms of an integrated framework in order to drive policies
for optimizing the “whole” in balance with the maximisation of the single domain. e-
Frame has undoubtedly contributed to the European and global debate pushing for the
empowerment of the interaction among stakeholders and citizens for a change of
mentality and behaviour related to the new measurements GDP & Beyond.

The experience of the EU funded project has proven to be successful in putting together
the relevant expertise and the different stakeholders’ viewpoints. Once more, cooperation
among different institutions and organizations has allowed to gain efficiency and reach
more stable results. As suggested by the Roadmap, further development projects can be
launched in order to fill in some existing gaps. As available resources are becoming more
and more limited, it would be really important to prioritise further research investment
with regard to the expected outcomes and European agendas’targets.
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1. INTRODUCTION

The Internet revolution has opened huge new opportunities for the construction and
reshape of better statistics. The liquid data available in the Net - Open Data, Big Data
and crowd sourced data - are being explored with the aim to exploit these new sources of
data to integrate and complement the official statistics. The usage of new sources of data
brings the National Statistical Institutes (NSIs) and the various stakeholders to face
challenges moving from traditional to new ways of data collection and production,
considering the opportunities given by Web2.0 tools, such as social networks and on line
platforms. It is undeniable that the usage of these new sources drive relevant implications
for issues such as validation, metadata, methods and techniques, including IT tools to
allow combining user-generated data with the data produced by official statistics. The era
of “Statistics 2.0” [1] arises the trade-off between having more and real-time information
and the quality of the information produced. The exploitation of new sources of data
implies a big investment in producers and users’ skills to combine information coming
from different sources and brings to consider crucial issues such as privacy aspects,
acceptance of data re-use and the management and protection of the data. The European
Statistical System (ESS), jointly with relevant stakeholders, together with producers and
users of statistics, is increasingly involved in projects and research activities to set up
methodologies and procedures to add information and knowledge in a systematic
integrated way exploiting new sources of information and data.

Among the multiple initiatives recently carried out at European level, it stands the on-
going project Web-COSI Web Communities for Statistics for Social Innovation, led by
the Italian National Institute of Statistics (Istat) - funded by the EU FP7 ICT Work
Programme 2013 - to explore the potential of Web2.0 communities focusing on statistics
beyond GDP.

2. WEB-COSI PROJECT

Web-COSI was designed to respond to the call launched by the Collective Awareness
Platforms for Sustainability and Social Innovation (CAPS), based on the idea that
collaborate through crowd sourced platforms can produce solutions for a wide range of
social needs [2]. Web-COSI (www.webcosi.eu), is a co-ordination action (2014-2015)
with the general objective to foster the engagement of citizens and society at large in the
area of new measures of societal progress and well-being using the opportunities given
by Web 2.0. Specific objective is to implement tools for collecting, producing and
visualizing information and data towards a better integration of official and non-official
statistics. The release of a Wiki of progress statistics, at mid-term of the project, is
envisaged with the aim to foster the use of locally generated data to bridge top-down and
bottom-up approaches. Web-COSI capitalizes on the last 15 years’ experience
characterized by two big revolutions for the world of research and society. First, the
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“GDP & Beyond” debate that has dominated the scene of statistical and economic
research. The ESS [3], together with OECD [4] and other relevant actors, has been
deeply involved to outline a strategy to develop statistical information to meet the
Stiglitz’s Commission recommendations [5]. Second, the Internet explosion that has
radically changed the way in which information is produced and shared. Interactivity is
contributing to change the roles of producers and users of data, increasing awareness and
bringing to consider a bottom-up approach for the construction of statistical information.
Web-COSI is based on a consortium that sees the collaboration among two relevant
Institutions (Istat and OECD), a civil society organisations (www.lunaria.org) and a
social entrepreneurs’ community (www.i-genius.org), representing society at large. The
consortium is well-balanced and multidisciplinary creating synergies for the integration
of the different approaches.

Specifically, Web-COSI work plan aims at: a) mapping and distilling best practices of
existing digital initiatives for communities’ involvement - a specific survey is envisaged
to take stock of Web2.0 initiatives carried out or planned by NSIs; b) create a critical
mass through: target campaigns, data visualization competitions, setup of a European
Wikiprogress University Programme; c¢) facilitate the communities’ access to statistics
empowering the collection of civil society grass root locally generated data with the
development of a Wiki of progress statistics. Moreover, various open events are
organised to involve the greatest number of audience: 5 workshops, 4 focus groups and a
final conference.

3. RESULTS SO FAR

To map and distil the best practices of existing digital initiatives for communities’
involvement Web-COSI has carried out in 2014: 1) two on-line discussions organized by
OECD- “Engaging citizens in well-being and progress statistics” and “Making data
more accessible for society at large”; one webinar managed by Lunaria - “Civil society
engagement in well-being statistics: good practices from Italy”; iii) a workshop on Using
Technology to Engage Citizens with Well-being Statistics in the Perspectives from Civil
Society held at OECD. These activities have involved a large number of participants from
different sectors of society, including NSIs, government, research organizations, social
enterprise and civil society, generating an impressive debate on the potential of Web2.0
communities. The discussions helped to identify an initial map of the different types of
initiatives set up, using collective platforms, to engage citizens with well-being and
societal progress statistics. The different types of initiatives can be grouped as follows:
(1) public consultation; (ii) communication; (iii) citizen-generated data, (iv) open data.

3.1. Public consultation

Consulting with the public is now widely seen as an essential step in elaboration of
indicators of well-being and progress [6]. While public consultation is the type of citizen
engagement most closely associated with the new measures of well-being and progress, it
is an area where the potential of interactive technology is still to be fully realised. For
many in the discussion, especially those working on smaller-scale community projects,
citizen engagement through consultation is more suited to face-to-face events such as
focus groups or community meetings, while online methods were seen as more
appropriate for the collection and communication of the data. However, face-to-face
events are necessary limited in terms of representativeness, which is an especially
important problem for well-being measurement projects at the national level. The UK’s
‘Measuring National Well-being’ programme, managed by the Office for National
Statistics, Italy’s ‘Equitable and Sustainable Well-being’ (BES) project, led by Istat and
‘Measures of Australia’s Progress’ (MAP), run by the Australian Bureau of Statistics, all
2
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used a mix of offline events and surveys, with online consultation tools such as online
surveys and social media to reach as wide an audience as possible.

3.2. Communication

Finding innovative ways to communicate the underlying meaning of data by telling a
story around the data (or by enabling users to play with the data and find their own
stories) is a powerful way of making statistics more accessible to a broader audience.
This can be done by the data producers themselves (such as government or statistical
agencies) or by intermediaries such as data journalists, civil society organisations or
anyone with an interest in finding the best way to communicate the key messages of
datasets. Stories can be told in the traditional way, through narrative text, or they can be
conveyed in a more visual manner - through infographics and charts that organise the
data in such a way that the meaning is immediately apparent. Data visualisations can be
very appealing, but their importance goes beyond aesthetics: they provide a unique
means of highlighting new patterns in statistics and looking at the world in a different
way. The mapping exercise highlighted many innovative examples of visualisation,
particularly from civil society and international organisations. NSIs also recognise the
need to make their data more accessible through visualisation and most of them have
made some provision of interactive data content on their websites, be it in the form of
tables, charts, maps or dashboards. However, the quality and amount of data made
available in this way is extremely variable [7].

3.3. Citizen-generated data

Digital technologies allow members of the public to participating themselves as data
producers and the prevalence of accessible yet sophisticated mapping technology through
mobile platforms provides a means to crowd-source data from members of the public at
minimal cost. Geographic Information Systems (GIS) allow for users to provide data in
the form of Tweets, reports, photos, comments, or other types of Volunteered Geographic
Information (VGI), that allow for the monitoring of outcomes related to well-being in
close to real time. There are a number of different ways that platforms for citizen-
generated data can function, including public reporting (e.g. of problems in their local
area), monitoring of social media (to gauge public reaction to events and policies), and
through the use of citizen scientists (e.g. individuals with specialised skills, hobbies, or
interests can be recruited to act as data sensors to help populate scientific research
databases). Given the limitations in coverage and timeliness of official statistics in many
developing countries, encouraging the development and use of new forms of data
collection has been seen as a core element of the data revolution needed to monitor
progress towards the Sustainable Development Goals [8]. However, while citizen-
generated data have a lot of potential for providing useful information and filling data
gaps, they also have significant limitations when compared to official statistics related to
self-selecting samples, reliability of data and comparability between areas.

3.4. Open data

For data to be truly open, not only must it be freely available online, but it should also be
presented in a format that maximises its potential for re-use, with semantically tagged
information, open formats, and fully downloadable information, the latter through APIs
(Application Programming Interfaces), machine-readable data structures and rich
metadata. For many organisations, to whom open data is a new concept, this is likely to
be a gradual process, requiring significant resources. The role of advocacy organisations



will be important in order to educate government and civil society of the need to engage
more with citizens through open data.

4. CONCLUSIONS

So far Web-COSI activities have pointed out that Web2.0 technologies are exploited — at
different extent - by NSIs, government, research organizations, social enterprise and civil
society to foster the interaction between data producers and data users of statistics. The
discussion has identified that the usage of crowd sourced data to complement and
integrate official statistics, is an opportunity to evaluate in multiple terms: having data
close to real time; narrowing the distance between what official statistics say and what
people perceive; using new data not included in the official surveys; optimising the costs.
The usage of crowd sourced data has to be considered at different levels giving them
different weights: local; national; international; global. The discussion pointed out the
necessity of organizing the progress statistics (generated by official and non-official data)
in an integrated framework to represent a “real tool” to make statistics accessible and
understandable.

Web-COSI will continue its work to conclude its activities by the end of 2015. Next steps
envisage: 1) the conduction of a specific survey addressed to NSIs on Web2.0 initiatives
carried out and/or planned to empower statistics using new sourced of data; ii) the
organization of target citizens campaigns, data visualisation competitions, youth
initiatives, and the set-up of a European Wikiprogress University Programme; iii) the
organisation of 3 workshops, 4 focus groups of social entrepreneurs and a final
conference. At last but not at least, the development of a new data sharing portal - Wiki
of progress stat on www.wikiprogress.org - designed to be a key reference for progress
and wellbeing data and statistical resources such as reports, visualisations and interactive
tools, able to allow external data providers to upload their own data.

Web-COSI experience is demonstrating that the integration of traditional official
statistics with new sources of data is an inexorable process which requires new skills,
culture and a radical change of mind set. In Web 2.0 era as the power of online
communities grows ever stronger institutions of diverse type and scope cannot ignore
their centrality for the “definition” of better statistics, for better policies, for a better
quality of life.
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1. INTRODUCTION

There is an extensive literature that highlights the importance of investment in intangible
assets for understanding the drivers of economic growth. Key to this is the idea that
organisational changes and other forms of intangible investment such as workforce
training are necessary to gain significant productivity benefits from adopting new
technologies (e.g. Bertschek and Kaiser, 2004; Black and Lynch, 2001; Bresnahan,
Brynjolfsson and Hitt 2002). Given this, a measurement exercise was instigated to
estimate the impact of intangible investments as a source of growth. This involved
researchers across a wide range of institutions and countries, with much of the research
effort funded by European Commission framework grants. The main projects were
COINVEST, INNODRIVE, TAREG and INDICSER for business sector intangibles with
a currently running project, SPINTAN, addressing the measurement of intangibles in the
public sector. In addition a voluntary initiative of the research community was the
INTAN-INVEST project which constructed a harmonised dataset on intangible capital
investments merging datasets from the INNODRIVE and COINVEST projects with the
underlying data from the Conference Board for the US (Corrado et al., 2009).

2. METHODS

Estimating intangible investments required an identification of types of assets to include
as intangible investments and methods to capitalise these investments. The pioneering
work on measuring expenditures on intangible assets by businesses was Corrado, Hulten
and Sichel (2005). These authors (CHS) identified a number of types of expenditure
which they argued should be treated as investments rather than as intermediate
expenditures. Three main categories of assets were identified by CHS (2005):
computerised information, innovative property and economic competencies.
Computerised information basically coincides with computer software. Innovative
property refers to the innovative activity built on a scientific base of knowledge as well
as to innovation and new product/process R&D more broadly defined. Economic
competencies include spending on strategic planning, worker training, redesigning or
reconfiguring existing products in existing markets, investment to retain or gain market
share and investment in brand names.

In addition to constructing nominal investment series, the research had to decide on
appropriate deflators to convert to volume measures and on the form and rates of
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> Information on these projects can be found on the following: www.coinvest.org.uk; www.innodrive.org;
www.iareg.org; www.indicser.com; www.spintan.net, and www.intan-invest.net.
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depreciation to capitalise these assets. GDP deflators were generally employed due to
lack of information on asset-specific deflators. The geometric deprecation rates were
generally assumed to be very high, as many of these assets are short lived.

This research effort combined produced annual data series from the mid-1990s to recent
years for a large of number of EU countries, and the US. Parallel academic exercises also
constructed estimates for countries such as Canada, Japan and Korea. The researchers
involved both benefited from and fed into initiatives in national statistical offices to
include some intangible assets into the national accounts, most important being software
and scientific R&D. However the academic research effort was much broader in scope,
including many assets not currently included in the national accounts.

3. RESULTS

Figure 1. Business Intangible Investment as a percent of GDP (average 1998-2005).
Source: INNODRIVE (2011).

The key result is that investment in intangible capital by businesses is sizeable and is able
to explain a significant share of labour productivity growth. Results from the
COINVEST project find that the US and UK invested around 13 percentage points of
GDP in business intangible capital. However as Figure 1 illustrates, although the average
EU investment is less than the US (9.9% vs. 13%), investments are still sizeable and
range from 6% in Spain to 13.5% in Sweden. France, Denmark and the Netherlands also
invest heavily in Intangible assets. In contrast Spain and Italy invest significantly lower
shares in intangible capital compared to the US. Interestingly, this low level of
investment in intangible capital is equally driven by lower investments in software,
innovative property and economic competencies.

The high shares of intangibles shown in Figure 1 imply that business sector investment in
intangible capital within the EU increases total investment significantly, indicating that
the real level of investment in the EU is significantly higher than traditionally measured.
Some EU countries are already at the threshold of investing similar amounts of intangible
capital as tangible capital investments, e.g. France and Sweden, In contrast, countries
from the Mediterranean and transition countries tend to invest significantly higher shares
into tangible capital. Also the EU has to still catch-up significantly in order to reach the
same ratio of intangibles to tangible investments as in the US. The implication of these
results for sources of growth is that once accounting for business intangibles, capital
2



rather than total factor productivity becomes the dominant source of growth (Roth and
Thum, 2013).

4. CONCLUSIONS

The inclusion of intangible assets in national accounts has a significant impact on
the levels of GDP. As highlighted by the various research findings the process of
incorporating business intangibles into the asset boundary will have significant policy
implications due to the fact that investments in intangible capital shows significant
variation across countries. After accounting for business intangibles, with Italy and Spain
being endowed with significantly lower levels of business intangibles than France and
Germany, the already large macroeconomic disparities within the euro area will become
even more distinct. It thus seems to be imperative to increase the level of investments in
business intangible capital in countries facing low investment, such as Italy and Spain.

Empirical evidence from the EC funded projects highlights that growth of
intangible capital services is able to explain the largest share of labour productivity
growth within a European country sample. Research also indicates that intangible assets
are important in facilitating innovation and the adoption of new technologies. Refining
the measurement of these assets is crucial for evaluating comparative growth
performance. This requires strong collaboration between the statistical and research
communities, more regular updating of datasets produced as a by-product of academic
research and a concerted effort to produce timely data for policy purposes.
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1. INTRODUCTION

The modernization of statistical organizations can be achieved through the adoption of an
Enterprise Architecture, which aims to identify business needs, improves collaboration
across an organization and ensures that the technology is aligned to the strategic vision

[1].

In this context the development of frameworks for sharing information, tools and
methodologies among statistical organizations is of utmost importance. CSPA (Common
Statistical Production Architecture) provides “a framework, including principles,
processes and guidelines, to help reduce the cost of developing and maintaining
processes and systems and improving the responsiveness of the development cycle.
Sharing and reuse of process components will become easier - not only within
organizations, but across the industry as a whole.” [2]. CSPA aims to become a reference
architecture based on: 1) existing standard models, such as GSBPM and GSIM, as the
necessary shared industry vocabulary [3, 4]; i1) the “plug and play” approach in
designing, implementing, sharing and reusing statistical software solutions, largely based
on the "service-oriented architecture" model (SOA).

In this paper, we present a concrete implementation of the CSPA architecture: CORE
(Common Reference Environment) [1]. CORE is a platform for integration and
automation of statistical services and processes, re-engineered according to CSPA
principles. The need to move from a stovepipe model to a new business model based on a
SOA, makes CORE a strategic pillar in the Institute innovation process, that lays its
foundation on the Enterprise Architecture [6]. Therefore we expect CORE to become the
reference tool in various business departments.

In the following section the steps required to build a statistical process in CORE will be
described: 1) abstract definition of the involved services; ii) link of each service to its
actual implementation; 1i1) design of the process as a collection of interacting services;
iv) configuration of input parameters; v) execution of the statistical process. In order to
show how CORE works and how it can improve efficiency, knowledge sharing and
statistical process automation, a case study (Residential care facilities) will be presented.

2. THE CORE PROJECT

CORE is a web application that implements the “plug and play” CSPA architecture. In
order to build a statistical process in CORE, the following steps have to be performed (as
shown at the top of Figure 1):

1) Define: in this phase it is possible to define a CSPA compliant statistical service.
The system provides two separate functionalities which allow defining both a
Statistical Service Definition [2], a conceptual representation of a statistical
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service (in terms of its GSBPM sub-process, GSIM input/output, etc.), and its
actual implementations (in terms of the tools performing the business function).

2) Compose: in this step it is possible to design, at a conceptual level, the statistical
process. CORE provides a drag-and-drop panel for connecting services already
defined in the platform (“Process panel” in Figure 1).

3) Configure: this functionality allows to load a process defined in the Compose
phase and to bind each service to one of its available implementations.

4) Execute: this is the runtime phase. In order to run a process it is necessary to
specify input (data and configuration parameters) for each service. CORE
provides a panel that displays the execution status (highlighting the running
service).

Figure 1 - CORE compose process

CORE is a flexible environment that supports different types of service implementations:
on the one side it allows to run command line tools (installed in CORE server), such as
SAS script, R script, PL/SQL procedures developed in the Institute; on the other side it
gives the possibility to invoke web-services, eventually provided by international
organizations.

3. CASE STUDY: SURVEY ON RESIDENTIAL CARE FACILITIES

Different statistical surveys have been taken into account as possible candidates for a
complete re-engineering in CORE. Such surveys are made of many ‘building blocks’,
implemented by heterogeneous tools and often laying on legacy systems. The survey on
“Residential care facilities” has been chosen as a first case study.



This survey is made up of the following phases, all coordinated by means of a custom
GUI application written in PHP:

1) Data collection: data is manually retrieved from one of the data collection
systems used in the Institute. Then an Oracle PL/SQL procedure migrates data in
the staging area.

2) Data check: raw data is checked against a set of rules, by means of an Oracle
PL/SQL custom procedure.

3) Data Transformation: reclassification of data is made by well-established SAS
procedures.

4) Imputation: an R script calculates missing data, based on previous year micro-
data.

5) Dissemination: the export of data for dissemination (.csv or MS Excel files), is
performed by means of a PHP library.

It is clear that such a process, involving heterogeneous technologies and managed by
manual operations, can be completely optimized and re-engineered with Core, by setting

up:

a) A generic service for acquiring data from the data collection system: this service
is potentially re-usable by any survey collecting data through such system.

b) A set of custom services which wrap all the tools in use in the process (R, SAS,
PL/SQL procedures, etc.)

c) A workflow which composes the services that implement the business process in a
completely automatic way. This makes it possible to configure the process once
and replicate its ‘run’ infinite times by simply changing the input data.

4. CONCLUSIONS

In recent years National Statistical Institutes (NSIs) are following an innovation trend,
both in technological solutions and in organizational aspects, according to the Enterprise
Architecture principles. In this scenario, CSPA offers a “reference architecture” for a
wide spread of the “plug and play” approach in designing, implementing, sharing and
reusing statistical software solutions, largely based on the "service-oriented architecture"
model.

CORE is a concrete implementation of the CSPA principles. As we have shown in the
case study, CORE meets important goals, such as process automation, software sharing
and reuse, support for collaborative work. Moreover, CORE, through a user friendly
interface and a step-by-step workflow, fosters the adoption of CSPA principles among
statistical researchers, promoting software sharing, both inside a national statistical
institute and at an international level.
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1. INTRODUCTION

CSPA (Common Statistical Production Architecture) [1] is a template architecture for
supporting the industrialization of Official Statistics production processes. CSPA
includes some specifications intended to define interfaces of services in a standard way,
with a focus on service inputs and outputs. In the paper, we describe an experience
related to the implementation of the CSPA service “Error Correction” service, realized
within the CSPA Implementation Project, an international project within the High Level
Group Modernization program [2]. The realized service wraps functions that are offered
by the R package “rspa” developed at Statistics Netherlands [3].

1.1. The CSPA Concept
CSPA provides template architecture for official statistics, describing:

= What the official statistical industry wants to achieve

= How the industry can achieve this, i.e. principles that guide how statistics are
produced

=  What the industry will have to do, compliance with the CSPA

The principal aims of this template architecture are: (i) Provide guidance for building
reliable and high quality services to be shared and reused in a distributed environment
(within and across statistical organizations); (ii) Enable international collaboration
initiatives for building common infrastructures and services, and (iii) Foster alignment
with existing industry standards such as the GSBPM and GSIM (Generic Statistical
Information Model).

CSPA is based on Service Oriented Architecture (SOA). Statistical services are self-
contained and can be reused by a number of business processes (either within or across
statistical organizations). A statistical service will perform a task in the statistical
process, at different levels of granularity: (i) an atomic or fine grained service may, for
example, support the application of a methodological step within a GSBPM sub process,
(11) coarse grained or aggregate services may encapsulate a larger piece of functionality,
for example, a whole GSBPM sub process

2. CSPA ERROR CORRECTION: THE DESIGN

In this section we describe two relevant pieces of the design of the error correction CSPA
service, namely the CSPA Service Definition and the CSPA Service Specification.

"ISTAT, Istituto Nazionale di Statistica
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2.1. Definition

According to CSPA Specification [1], the design of a service has to be carried out by
producing: (i) a conceptual-level definition of the service, where the principal business
functionalities of the service are described, as well as the inputs and outputs of the
service expressed according to GSIM; (i1) a logical-level specification, in which some
design issues are addressed with respect to the methods of the service (e.g. how such
methods will be invoked) and GSIM inputs and outputs implementation is specified
according to a defined “logical” model (e.g. SDMX or DDI).

More specifically, the CSPA Error Correction Definition is described in Error!
Reference source not found..

Table 1. CSPA Error Correction Specification

Name Error Correction

Level Atomic

GSBPM 5.3 Review, Validate & Edit

Business Function This Statistical Service corrects erroneous values in records.

Outcomes A consistent repair of records

Restrictions None

GSIM Inputs Unit data set, unit data set structure (Initial raw data)
Unit data set, unit data set structure (Output of the CSPA Error Localization
Service)

Rule (Edit rules)

GSIM Outputs Unit data set, unit data set structure, Process Output (Type=Transformed
Output) (Corrected data)
Unit data set, unit data set structure, Process Output (Type=Process metric)
(Unsuccessful cases)

Service The services is expected to be invoked after the invocation of the CSPA Error
dependencies Localization Service

Erroneous values that are present in records are adjusted according to the
“Least Change Approach”

Process Method

Notably: all the inputs and outputs of the service are GSIM objects, and the Process
Method field of the CSPA Specification template does remark the importance of
specifying the statistical method underlying the service even at the conceptual stage.

2.2. Specification

The CSPA Error Correction Specification is described in Error! Reference source not
found.. It is relevant to note that: (i) the service is invoked remotely, i.e. as a Web
service thus following CSPA recommendations; (i1) input and output data structures are
specified according to JSON Table Schema (JTS), thus following CSPA
recommendation on explicitly separate data and metadata.



3. CSPA ERROR CORRECTION: THE IMPLEMENTATION

Once a formal Service Specification is carried out, then you can produce several Service
Implementations of it in order to provide the business function to the community.

Normally it is possible to use different ICT technologies to wrap different statistical
techniques. One of the tools able to implement the Error Correction task is “rspa” R
package and we decided to use this one although any other could have been used.

Table 2. CSPA Error Correction Specification

Name Error Correction
Protocol Service This service is invoked as a Web service.
For location: |
Invoking
the Parameters  All parameters are passed “by reference”.
Service ~ passing
mode:
List of 1. Input data set
parameters 2. Input data set structure
3. Localization data set
4. Structure of the localization data set
5. Editrules file
6. Output corrected data set
7. Output corrected data set structure
Input Messages Parameters 1) and 3) are rectangular text files following the case by variable
structure with no header included.
Parameters 2) and 4) are files JSON Table Schema compliant.
Rule: rules are specified one by line in text format
Output Messages Parameter 6) is rectangular text file following the case by variable

structure with no header included.
Parameter 7) is a file JSON Table Schema compliant.

Adopted methodology = Erroneous numeric values are corrected by finding the weighted least
square adjustment of values in localized fields

In detail, we have wrapped the R script into a RestFul web service” running on a node.js
infrastructure, powered by the Restify library. Such a wrapper is specified by a file
named service.yaml, in which you can find all service input and output parameters with
their types and all other associated metadata, and the syntax for running the wrapped
tool.

In order to invoke the service a client must make an HTTP POST request to the server,
by using any kind of client-side technology such as curl* or a web browser but also
including another CSPA compliant service in a chain fashion. The content of the POST

’See http://en.wikipedia.org/wiki/Representational state transfer

? See nodejs.org
*Seehttp://curl.haxx.se/
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request consists of a JSON structure which contains all the actual paths or links to the
files on which the tool will work, namely all input and output parameters.

Once the request is made, a process is spawn on the server to handle asynchronously the
execution in a non-blocking manner and a job identifier is returned to the client. At any
time a client can poll the status of the job by sending additional GET requests for the
returned job id. When the job status is ‘finished’ the results are stored on the server and
made available to the client, which can obtain them by making a GET request for each
produced output resource.

Starting from the initial work done by CBS which created the overall infrastructure, we
joined the development team of the existing GITHUB project adding the LEC service. It
is now available at https://github.com/edwindj/cspa_rest/tree/master/LEC.

As shown in Figure 1, each NSI or organization that implements a CSPA compliant
architecture can be both a service consumer or provider.

Figure 1 - CSPA architecture and technologies
4. CONCLUSIONS

The implementation of the CSPA Error Correction Service was much more than a
technological exercise: (1) issues on the format/model of input and output data emerged;
(i1) 1ssues on the protocol and on the interface to implement were also raised within the
Architecture Working Group (AWG) following CSPA work’. The work presented in this
paper shows a service compatible with the solutions provided by the AWG to such
issues. More importantly, this work contributed, with the feedbacks deriving from its
development, to the enhancement of the CSPA guidelines, aimed to develop better and
better statistical services.
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1. INTRODUCTION

Starting from 2013 the Italian National Statistical Institute (ISTAT) centralized some
functions for the acquisition, storage, integration and administrative data quality
evaluation. In the new system SIM (Integrated System of Microdata) is realized the
microdata integration and the attribution of the unique identification codes for:
individuals, units (e.g. local units, schools), places and relationships among individuals
and units. The aim of the system is to support all the statistical processes (like registers,
and surveys) that use administrative data. At the end of its development the system will
contain about 70 administrative sources (demographic, fiscal, social security, instruction)
integrating several hundreds of millions of records and thousands of administrative
variables in a unique Data Warehouse.

Having this amount of information, Istat developed a new project “A4RCHivio Integrato di
Microdati Economici e DEmografici’ (ARCHIMEDE) with the aim of exploring the
informative contents of the SIM, in order to produce new statistical microdata collections
made available to social and economic researches, to sectorial and territorial planning for
the evaluation of public policies at the national, regional and local levels.

2. METHODS

Considering a "generic" statistical production process [1], the first step identifies the
specific needs ("Specify needs phase") where the objectives of the statistical outputs, the
relevant concepts and the variables for which data are required, the sources that can meet
the needs are identified. This conceptual framework, that from the "information needs"
identifies the "necessary data" to be collected, is invariant, whether it refers to a process
based on statistical surveys or administrative data or a mixed model.

The ARCHIMEDE project define a paradigm shift in the use of administrative data for
statistical purposes. The exploration of the “existing data" allows the identification of the
statistical information that can satisfy a need: from the data to the needs. This scouting
approach changes the paradigm in relation at least to two aspects. The first concerns with
the fact that the definitions and classifications can be determined in the process of
exploration and therefore are not fixed a priori. The second, derived from the first, is that
the consistency of the statistical information produced with the conceptual statistical
schemes can be evaluated only ex-post.

The Figure 1 shows the macro functions of both SIM and Archimede.

! Istat - Italian National Institute of Statistics
? Istat - Italian National Institute of Statistics

? Integrated Register of Economic and Demographic Microdata
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Figure 1. The relationship between SIM and Archimede

The first step of the SIM process (Figure 1) is the population of the DBs for the
administrative sources included in the centralized system. Admin data are not
manipulated but they are transformed to guarantee the compatibility of the administrative
data files with the SIM system. The step of integration and identification refers to the
process of linkage and physical integration of microdata recorded in different sources
according to specific strategies of integration. In that way each object in the system is
identified with a unique and stable (over time) ID number.

Crossing the SIM border, the downstream statistical outputs will be automatically
integrated because the objects (elementary units) have been submitted to the same
process of integration and identification. ARCHIMEDE project benefits of the
integration process carried out above identifying specific areas of research to support
researchers and policy makers by building microdata collections.

3. RESULTS
3.1. SIM: the structure

SIM is the Istat repository of the integrated administrative microdata built with the aim of
supporting the statistical production processes both for social and economic statistics.
Integration means: (1) identifying each object in the administrative sources data sets with
a unique and stable (over time) ID number; (ii) to define, for each object, the logical and
physical relationships among administrative data coming from different sources.

SIM includes social and economic data. Seven subsystems (Figure 2) are under
development; they can be grouped in: subsystems of the units; subsystems of the places;
subsystems of the relationships. The traditional socio-demographic domain is shown on
the left while the economic domain is on the right. In the center is placed the subsystem
able to link information both from individuals and economic units.



Figure 2. The subsystems

The basic units for the entire system are identified in “SIM individuals” and “SIM
economic units”. These two subsystems need to be developed before starting the
procedures for all the others. Both from a logical and a technical point of view the two
primary keys, respectively the individual id and the economic unit id, need to be assigned
to all the basic objects of the system before the development of the subsystems of the
places and the relationships.

The second kind of subsystems developed is referred to the places of the economic units
and individuals: “SIM economic units places”; “SIM individual places”. The first
contains all the locations of the economic units identified in the administrative sources
acquired while the second covers the information on residence, fiscal domicile (address),
other addresses associated with the household (addresses for gas, electricity, water bills)
and so on, for all persons recognized by the sources stored in the system. Every address
has its identifier (individual places id and local units id) and the presence of the primary
keys (individual id and economic unit id) allows to link data among different subsystems.

The subsystems developed for the relationships among different entities are: “SIM
relationships among economic units”; “SIM relationships among individuals”; “SIM
relationships between individuals and economic units”. In the first case, the main purpose
is to point out some relationships of the economic units such as the events of
transformation and the control/ownership relations among them. In the second case the
main purpose is the identification of the private households. In the latter case, the
subsystem integrates information on the links among the individuals and the economic
units where they perform their activity or spend their time. It contains the identifiers of
the individuals and the economic units to tie everything together. The subsystem includes
the LEED (Linked Employer Employee Data base) structures in which information from
both enterprises (employer) and individuals, seen as workers, are brought together. The
flag for the kind of relationships allows to refine the research activities. At the moment,
ten kinds of links attributable to the macro typologies “Job”, “Business role” and
“Education” are admitted.

3.2. Archimede project: experimental results

To evaluate the Archimede informative potentialities three experimentations were
designed and conducted:



4.

The city users — the experiment aims to identify, classify and quantify the population
using the territory through the use of integrated information recording data on the
registry office of the population, job location of the employees and school and
university location of the students. With refer to the issue on mobility, the developed
experimentation makes available information an annual basis, instead of the
information available with the census every 10 years;

The precarious workers — aims to identify, classify and quantify having precarious
conditions in their employment. The concept of “precarious worker” is not well
defined at international level; ILO suggest that the precarious employment is a work
relation where employment security is lacking. This experimental approach, using
more than one informative dimension, does not consider exclusively the different
typologies of precarious employment contracts (like outworker contracts or the fixed-
term contracts). Integrating these information with the income level, the education
level, the family conditions, to have single/multi clients, the experiment allows to
characterize this type of workers in an alternative way and to make a more careful
reading of such phenomena.

The socio-economic condition of families — aims to build a system of information on
the families which allows to analyse various aspects of their socio-economic status.
The integration of various administrative information enables to associate a wealth of
information to families in order to highlight their lack of resources in more key
dimensions (employment, income, education, disabilities, etc.). This approach allows
on one hand an overall assessment of the socio-economic conditions of households, on
the other hand allows the study of risk scenarios more complex than those that use the
one-dimensional approach e.g. the income.

CONCLUSIONS

SIM and ARCHIMEDE are two basic infrastructure of the statistical production of
ISTAT. From one side, SIM supports the internal statistical processes sharing an
integrated view of the administrative data acquired by the NSI. In fact, all the internal
users, including ARCHIMEDE, benefits of the upstream identification service of SIM.
From the other side, ARCHIMEDE emerges as a tool to satisfy new demands, also from
outside the NSI, starting from the data available. The two projects complement each
other providing the necessary microdata structures to the external users, only exploiting
the potentialities of an integrated administrative microdata system without increasing the
statistical burden.
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1. INTRODUCTION

Traditionally, in Italy annual Structural Business Statistics (SBS) on small and medium
enterprises (about 4,3 million of units) are estimated based on a sample survey (referred
to as SME survey hereafter) collecting information on about 100,000 sampled units,
complemented with administrative data used as auxiliary information. The increasing
stability, timeliness, coverage and accuracy of firm-level information available in some
administrative and fiscal data (AD hereafter) sources on businesses’ economic accounts
has made it possible to move toward a new estimation system, based on the direct use of
AD as primary source of information. A statistical information system (called Frame
SBS) has been developed [1], where firm-level data for the main economic aggregates
(e.g. Turnover, Changes in stocks, Purchases of goods and services, Intermediate costs,
Labor cost, Value added) are directly obtained from integrated AD sources, covering a
large portion (about 95%) of the whole SME’s target population: Financial Statements,
Sector Studies Survey, Tax Return data and Social Security data. The other SBS
variables, which are characterized by an inadequate coverage rate, are estimated based on
data observed in the SME survey using the main economic aggregates as auxiliary
information [1].

This paper focuses on the methods which have been applied for dealing with some types
of measurement and integration errors (in particular, consistency and coverage errors) for
the main economic aggregates of the enterprise’s economic accounts. Methods adopted
include harmonization for the reduction of conceptual inconsistencies in combined
administrative sources, model-based selective editing for the identification of possibly
influential measurement errors in unit-level linked data, and model-based predictive
approaches to deal with under-coverage in the integrated dataset.

2. METHODS

Moving from the traditional SBS production strategy to the new estimation system
implied high initial costs for both methodological developments and data analysis,
especially relating to the management of non-sampling errors characterizing the
integrated AD archives (see [2] for an overview of error types in register-based
statistics). For the purposes of this paper, our focus is on errors due to harmonization,
measurement and coverage problems (the latter related to both units and variables under-
coverage). It has to be mentioned that in the context of the Frame SBS no unit
identification errors were possible, as the enterprises are uniquely identified in each
administrative archive based on a procedure performed at the Business Register
construction stage, as well as their structural characteristics.

' Istat - Italian National Statistical Institute



It has to be remarked that each source involved in the new estimation system actually
covers different but partially overlapping sub-populations of SMEs, and that some
sources provide information on (partially overlapping) variables. This “common”
information has been primarily used in the data analysis phase for assessing the quality
of input data of each archive. Then, as each integrated AD source uses different concepts
and definitions than those required for the specific SBS purposes, the “common”
information has been also used in the harmonization of data classifications and variables
definitions w.r.t. the concepts described by the SBS regulation: a system of different
indicators and quality measures at both micro and aggregate level were used to compare
and harmonize information on target variables coming from the different sources.

Concerning measurement errors, as in the case of statistical surveys, they were identified
looking at possible consistency errors in the data. A two-phases data editing strategy was
implemented: at the first stage, editing activities on micro-data observed in each AD
source were performed to identify logical/formal data inconsistencies (e.g. balance errors
and other kind of invalid information). At the second stage, specific analyses were
devoted to assess and resolve inconsistencies between variables integrated from different
sources: in this analysis, inconsistent data originating outliers and influential errors were
prioritized. The identification of outliers was based on a trimming approach, based on the
analysis of the distribution of economic indicators built using information from different
sources (such as the per-capita labor cost), and in rejecting those values exceeding pre-
defined thresholds, by domain. Concerning influential errors, they were identified using a
model-based robust selective editing approach for continuous variables [3]: in particular,
the selective editing methodology implemented in the R package SeleMix (Selective
Editing via Mixture models) [4] has been considered. The SeleMix multivariate editing
approach is based on the use of contamination models. A score function strictly related to
the expected error in data is defined: differently from most selective editing methods, the
threshold identifying the subset of influential units can be statistically interpreted and
associated to estimates accuracy (in other words, the estimated error remaining in not
edited units after selective editing). In the Frame SBS, the target estimates in the model
were the population totals of Value added and Intermediate costs by economic activity,
while as auxiliary information the Turnover, Number of employees, Personnel cost (for
enterprises with at least one employee) were used. As an example, for a 2% threshold, for
the reference year 2012 about 0.3% of the total number of SME’s were classified as
potentially affected by influential errors. It has to be remarked that, besides the possible
identification of measurement errors, the manual inspection of influential units mainly
contributed to the identification of systematic classification and harmonization errors. In
general, the adoption of a selective editing approach in the context of the Frame SBS has
highlighted a problem of costs associated to the interactive/manual inspection of the
influential units: a revision of the models is needed for further optimization of results.

Model-based statistical approaches were used to deal with under-coverage errors,
consisting of both unit non-response (deriving from the fact that the integrated AD
sources relate to sub-populations which do not cover the overall SMEs population as
defined for the SBS purposes), and item non-response (mainly due to the incompleteness
of information, for some units, of some AD sources, which do not observe all the target
variables required for SBS estimation). To deal with under-coverage, a predictive
approach based on imputation has naturally allowed to build a complete micro-data file
for those variables which are extensively covered by the (integrated) AD sources: in this
approach, the not available information is predicted (imputed) based on the available
administrative information using a combination of different techniques (including
Predictive Mean Matching, Nearest Neighbor Donor, other approaches based on logistic
and linear regression), which have been applied to separate groups of variables taking
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into account their distributional characteristics and their relationships with other variables

(see [5]).
3. RESULTS

In Table 1 some general results are highlighted for three of the main SBS variables:
Turnover, Value Added and Labour Cost. In particular, the percentage difference

Yr -Yg 1e )X100 . . . .
d= (YFrame =Y sampte) between the variables estimates based on the new estimation

YSample
system (Yrame) and the corresponding estimates based on the SME survey (Ysumpe) are
reported, by year (2010-2012). Note that Ys,uy. are based on the calibration estimator
currently used for the SME survey, while Yz, are the estimates computed on the entire
(partly imputed) archive by summing up all the values.

Table 1. Percentage difference (d) between frame and survey estimates, by variable
and by year

Year
Variable 2010 2011 2012
Turnover 5,49 7,28 3,80
Value Added -0,61 0,28 0,05
Labour Cost -0,36 1,45 0,51

Some evaluation analyses have shown that actually the total difference between the
survey and frame-based estimates is mainly due to a “sampling component”: in other
words, the frame may ensure final estimates of the main SBS variables which are free of
the traditional levels of sampling errors, deriving from the necessity of estimating target
parameters for a very large population based on a relatively small survey sample size.

4. CONCLUSIONS

The implementation of the new information system for SBS estimation has shown that
additional costs are to be paid to ensure the quality (in terms of consistency and
completeness) of the administrative and fiscal sources integrated in the system are
balanced by an increased accuracy of the final estimates, essentially due to the removal
of the high levels of sampling errors affecting traditional survey-based estimates.

Based on the new system, starting from 2011 as reference year, estimates for key SBS
will be calculated at a very refined level of detail, thus facilitating the dissemination of
more detailed and better focused data to end-users. The system represents an advanced
“intermediate output” which is expected to ensure higher levels of consistency between
annual statistics on enterprises and National Accounts, as well as better consistency
among SBS estimates and related statistical domains in the economic area.




REFERENCES

[1] Luzi O., Guarnera U., Righi P., The new multiple-source system for Italian Structural
Business Statistics based on administrative and survey data. European Conference on
Quality in Official Statistics (Q2014) (2014). Vienna, 3-5 June.

[2] Zhang, L.-C., Topics of statistical theory for register-based statistics and data
integration. Statistica Neerlandica 66 (2012), 41-63.

[3] Di Zio, M., Guarnera, U., A Contamination Model for Selective editing. Journal of
Official Statistics, (2013), Vol. 29, No. 4, 539-555

[4] Di Zio M., Guarnera U., SeleMix: an R Package for Selective Editing via
Contamination Models, Proceedings of Statistics Canada Symposium 2011. Ottawa,
3-6 November (2011).

[5] Di Zio, M., Guarnera, U., Varriale R., Imputation with multi-source data: the case of
Italian SBS. Paper presented at United Economic Commission for Europe,
conference of European statisticians, Paris, France, 28-30 April (2014).



Defining usual environment

with mobile positioning data
Rein Ahas (rein.ahas@ut.ce)', Janika Raun' and Margus Tiru®

Keywords: Usual environment, mobile positioning, tourism, domestic tourism, BIG
data.

1. INTRODUCTION

Tourism is defined as the activities of people travelling to and staying in places outside
their usual environment for not more than one consecutive year for leisure, business and
other purposes not related to the exercise of an activity remunerated from within the
place visited [1]. Therefore the measurement of usual environment is essential for
defining domestic tourism and domestic tourists’ consumption. But understanding and
measuring people’s everyday movement areas is an important task in very different live
spheres like transportation, taxation, public administration etc.

In tourism studies the term usual environment is employed and defined “As the
geographical area (though not necessarily a contiguous one) within which an individual
conducts his/her regular life routines™ [2, 3]. In geographical literature the idea of activity
space as the “‘the subset of all locations within which an individual has direct contact as a
result of his or her day-to-day activities’” [4] is more common. Usually it is measured
with travel diaries, questioners and more recently with GPS or mobile phone based
tracking technologies [5]. The latter BIG data sources enable researchers more easily and
automatically gather people’s everyday movement data.

Our aim is to provide a new way for determining the usual environment based on mobile
positioning data and to discuss about the theoretical and methodological underpinnings
related to that.

2. METHODS

We use Call Detail Records (CDR) (also passive mobile positioning) from mobile
network operator about the times and places of call activities. The CDR database used for
the current study consists of the mobile phone call activities of domestic users of the
largest Estonia’s Mobile Telephone Operator EMT. The market share of EMT is
estimated to be 45% and its network covers 97% of the country with 4G internet. The
call activities were recorded during active use of a mobile phone in the EMT network:
outgoing calls and SMS messages; using internet or data services.

Every telephone in EMT network has a randomly selected pseudonym ID which is not
related to the user’s phone number and provides the respondent full anonymity. The
random ID remains the same for all of the respondent’s call activity records, even if he or
she leaves Estonia and comes back at some other time which allows us to track the
spatiotemporal behaviour of tourists [6, 7].

' Department of Geography, University of Tartu, Estonia, http://mobilitylab.ut.ce/eng/
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Each call activity in the CDR database for the current study includes: (a) the randomly
generated ID number of phone; (b) the time of the record; (c) location marked with Cell
Global Identity of record.

Different positioning methods can have many additional attributes describing the
positioning results (e.g. positioning accuracy), but these three parameters are the
minimum number of attributes needed for any spatial analysis. The method of data
collection does, however, play a significant role in data quality (positioning frequency,
accuracy). Compared with active positioning data, the spatial accuracy of passive mobile
positioning data is much lower and the spatial interval is usually irregular and with
longer “time gaps”.

In analysis we compare three different methods for determining the usual environment
with CDR data.

3. RESULTS

First, we demonstrate the results of defining usual environment with more robust but
faster Density Based Spatial Clustering of Applications with Noise (DBSCAN) method
[8]. In this manner we can use a rather universal approach to measure people’s usual
environment. It is most commonly used to determine anchor points from GPS data, but
also works well over a longer time period (such as one month) for mobile CDR data
(Figure 1). However, this method is rather weak in describing functionality of
movements and using in areas with mixed land use (suburb, industrial, business areas)

[9].

Figure 1. DBSCAN method for measuring usual environment with density of points
[10].

Second approach for measuring usual environment is anchor point method, which is
using more complicated algorithms to determine meaningful locations and activity space
based on them [11, 12]. This is usually achieved by considering the spatial and temporal
distribution of the data, and, wherever possible, the characteristics of functions (Figure
2). An observation period of at least one month is required to determine the most likely
locations for home, work, education, summer home and transportation channels by
considering the locations and times of phone usage, visitation frequency, regularity, and
variety. In addition to meaningful locations, “less meaningful” regular visitation areas or
secondary anchor points are also determined.
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Figure 2. Anchor point method for measuring usual environment [9]

The third approach for defining usual environment is based on borders of administrative
units. We compare distribution of CDR points on a level of a) local community (1-5 km);
b) municipality (5-30 km), ¢) county (30-80 km). This method has less accuracy and has
problems with measuring cross-border activities and selecting appropriate spatial
resolution. The positive side of this method is compatibility with administrative unit
based officials statistics.

4. CONCLUSIONS

We demonstrate the empirical results of using the described three methods for
determining usual environment and defining domestic tourism in Estonia. We discuss
about the theoretical, methodological and empirical strengths and weaknesses of these
methods and about the practices in European Statistical System.
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1. INTRODUCTION

In a changing world, statistics shall not be a static but rather a dynamic phenomenon that
is in a constant relation with exogenous and endogenous factors that impact on the
production methods for these (official or other) statistics. A number of such factors are
currently pushing statisticians to explore the possibilities of mobile positioning data, and
big data in general. Who's on the phone? It's the 21* century calling!

Firstly, changes in the geo-political environment condition the way data can be collected.
For example, in the European context of free movement of persons, the enlargement of
the Schengen area is considered a blessing for intra-EU tourism, the common labour
market and international student mobility, but at the same time jeopardizes the
possibilities of conducting border surveys to collect data on inbound and outbound
mobility of citizens.

Secondly, technology is evolving and many tools or devices have entered citizens'
everyday life. This fact, combined with decreasing prices to use such devices (e.g.
roaming costs) and with continuously growing capacity to process and analyse the
gigantic volumes of data generated in the back-office of service providers, is creating a
whole new range of data sources that cannot be ignored.

Thirdly, the working environment of statisticians, in particular in official statistics, has
changed. Political and managerial voices call for a makeover of the production methods
[ 1], among other reasons to better match the need for more and faster data with budget
cuts and respondent burden reduction. Part of the strategy is to ripe the opportunities
brought by the big data era, with its abundance of data coming from social networks,
sensors and IT systems in general, of which mobile phone data is a notable example. The
heads of the statistical offices in the European Statistical System (ESS) agreed to jointly
develop a strategy to integrate big data in official statistics [2].

In order to address the issues raised regarding the use of mobile positioning data as a
source for statistics, Eurostat commissioned a study assessing the feasibility of accessing
and using such data [3]. While the study focused on the specific case of tourism statistics,
the findings can be generalised to other areas of statistics (and to other types of big data).
This abstract/paper presents the main findings and conclusions of this study, carried out
by an international, multidisciplinary consortium.

! European Commission, Eurostat, Unit G-3 — Short-term business statistics and tourism

European Commission, Eurostat, Task Force Big Data
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2. ACCESS

Mobile positioning data refers to the stored records of activities of mobile devices by
mobile network operators (MNOs). While such data can also include data detail records
(e.g. internet usage), location updates or technical data, this abstract/paper discusses the
access to (and use of) call detail records (text messages, calls, data) that MNOs use for
e.g. billing purposes.

The study revealed three main potential barriers to accessing mobile phone data: privacy
protection and legislation, technical feasibility and financial and business related aspects.

2.1. "Hello, is it me you're looking for?"

While the end result of processing and compiling personal data for statistical purposes is
by itself anonymous (i.e. aggregated tables), the actual processing and compiling
operates in a grey area. European (and nationally transposed) legislation [see [3],
report 2] lays down the conditions for accessing (directly or indirectly identifiable)
personal data for statistical purposes, but the interpretation of the legal framework is still
very ambiguous. As a consequence access to data is seldom granted — e.g. in the context
of the feasibility study, (test) data could eventually be accessed in only one of the four
covered countries.

Legislators, policy makers and data protection agencies tend to be reluctant to grant
access, partly due to fear of the public opinion which appears not to be ready for the
exploitation of big data sources containing personal information on the whereabouts of
citizens.

This fuzzy legal environment is currently the Achilles heel and in order to enable
statisticians to use mobile phone data (and many other sources of big data), a harmonised
legal (and methodological) framework for statistical authorities to access data held by
e.g. mobile network operators shall be a priority area of work.

2.2. Dial M for Mobile positioning data?

Accessing mobile positioning data is obviously not a simple push on the button, as it
involves very large datasets. This poses technical challenges in terms of data processing
and transmission. However, even if challenging, the technical feasibility is in general not
considered to be a hard barrier. The process is complex but - as some case studies have
shown [see [3], report 1] - not impossible.

The technical choice for a decentralised or centralised system (most work done by the
MNO and national statistical institutes (NSIs) receive the output, or statisticians receive
raw data for processing into statistical indicators) has an important impact on the overall
cost (see Figure 1).



Figure 1. Estimate of the cost (in 1000s euro) of implementation and regular production of mobile
positioning based statistical indicators (the case of a country with 3 MNOs with 16 million
subscribers and a 15 day latency/timeliness of the data) - A: decentralised approach; B: centralised
approach.

2.3. Win - win?

Besides the vague legal framework - and, linked to it, the fear of the public opinion - for
granting access (see paragraph 2.1), MNOs may also see financial or business related
barriers.

Firstly, business secrets (e.g. share in the national roaming market) may refrain MNOs
from releasing data for further external research and analysis. Secondly, while the costs
for the MNO can be considerable (implementation of a data extraction system, human
resources, etc), the direct benefits are not clear.

NSIs have in general the legal powers to request from any citizen or enterprise the data
which are needed for the production of official statistics. However, one of the
fundamental principles of official statistics is that respondents should not bear an
unreasonable burden for that [4] and it should not put them in a comparative
disadvantage against their competitors.

To motivate or incite MNOs, a mutually beneficial relationship should be sought. This
can consist of a remuneration scheme to compensate for the response burden (however,
budget cuts in NSIs will significantly reduce this option) or can include the possibility
for the MNO to use the (personal) data for their own, even profit-making, purposes.

3. USE

Before investing in accessing mobile positioning data, interested users should have an
idea of the potential benefits of using such data. This section will have a look at some
methodological issues and dig into the quality aspects, including an evaluation of the
coherence with current, more traditional data sources.

3.1. Methodological issues

Rather than wondering about privacy protection and other access related challenges,
many potential users will jump immediately to more pragmatic questions related to
representativeness or coverage. What about those not using mobile phones? What about
the border noise of connecting to foreign networks without being abroad? What about
tourists buying foreign SIM cards when travelling?

While there certainly are shortcomings that are inherent to the use of mobile phone data,
most over and undercoverage issues prove not to be very significant, or at least not more
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significant than similar shortcomings of traditional sources, e.g the penetration rate of
mobile phone use versus the representativeness of CATI interviews using a phone
directory of fixed lines or, for tourism statistics, the very important recall bias.
Furthermore, if quantified, these shortcomings can be taking into account when
calibrating the final results (given sufficient reference information about the total
population is available).

The likelihood that big data sources can reproduce the existing statistical indicators is
another common concern. However, to answer this question, one should first assess the
origins and relevance of the currently available statistics. Often, the statistical
requirements laid down in statistical legislation were heavily influenced by the available
data sources at the time of legal drafting, e.g. limiting data on inbound tourism to tourists
staying at rented accommodation such as hotels (instead of covering all inbound
tourism). Therefore, an essential choice to be made when thinking of absorbing big data
as a source for official statistics will be between an evolution (partially replacing existing
indicators within the current framework) or a revolution (rethinking indicators, thinking
out of the box delineated by the current framework and applying a zero-based budgeting
approach rather than looking for small incremental changes).

In terms of data availability, advantages and disadvantages need to be properly assessed.
The first include the possibilities of new breakdowns, finer regional detail and superior
timeliness. The latter include the absence of socio-demographic breakdowns, motivations
(e.g. purpose of tourism trips) or domain-specific variables (e.g. tourist expenditure,
means of transport used). An important challenge for users and producers is to find a
compromise between timeliness and completeness.

3.2. Coherence

Tests comparing mobile positioning data with existing data have given very promising
results. The data appears to be strongly correlated and differences in level can often be
explained through known shortcomings or specificities of one of the two sources under
comparison. Figure 2 gives two examples comparing mobile positioning data with
accommodation statistics and tourism demand statistics respectively.
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Figure 2. Coherence of mobile positioning data with traditional data sources in Estonia - A: number
of inbound tourism trips (compared with accommodation statistics); B: number of outbound tourism
trips (compared with tourism demand statistics).



4. CONCLUSIONS

A replacement of the existing production methodology of official statistics with mobile
positioning data (or other big data) is not likely to happen overnight, but any efficient
and competitive player in the world of statistics sooner or later will have to be prepared
to rely on big data for part of its business.

The feasibility study outlined in this abstract/paper can be a starting point for NSIs and
researchers wanting to embark on the use of mobile positioning data to compile statistics.
In parallel, however, a focus should also remain on the need for horizontal (i.e. across
domains) and international cooperation in the area of big data. Implementation actions
covering several countries and several domains are most likely to be the successful ones.

Finally, it should be kept in mind that big data does not only have the potential to
improve the quality of existing statistics but also to stimulate a new, data driven
statistical system.
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1. Introduction

Recent developments in information and communications technologies (ICT) have left
their mark on tourism, travel and everyday activities: individual GPS tracking, internet-
based picture uploading websites, location-based social media check-ins, and interactive
tour-guides.

One of the ways of studying the movement and behaviour of people is through the use of
mobile telephones. Mobile positioning data in this paper refer to the large-scale location
data of subscribers of mobile network operators that are processed and stored in
operators' systems. This is highly sensitive but also very valuable data that could be used
anonymously and aggregated thus ensuring the privacy of the subscribers and providing
valuable insights in fields like tourism and population statistics (Eurostat Feasibility
Study 2014).

The aim of this paper is to assess the possibilities of enhancing tourism and population
statistics through the integration of positioning data from mobile communication
networks.

2. Methods

In this paper passive mobile positioning data is used. Using mobile positioning data is a
relatively new method in the area of tourism and population statistics (Tiru et al 2010).

The data from Estonia’s biggest mobile operator EMT (Estonian Mobile Telephone) was
used. EMT covers nearly 99,9% of total land area of Estonia. Market studies show that
EMT has a 46% share of the local mobile phone market (TNS Emor 2008). The method
for data collection and analysis has been developed in Estonia in cooperation between the
private company Positium LBS, mobile operators and the Department of Geography at
the University of Tartu. The database used in this paper consists of a spatial and temporal
register of call detail records of domestic and foreign mobile phones using EMT’s
service. Call detail record is any active use of a mobile phone in networks — incoming
and outgoing calls, SMS, GPRS etc. Roaming service means that mobile phones
registered in countries other than Estonia can be used on the Estonian network. The
register includes the following parameters for every call activity (Ahas et al 2007; Ahas
et al 2008):

' Positium LBS
University of Tartu
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e The exact time of call activity;

e The randomly generated unique ID number for the phone (not related to the
phone or SIM card number);

e The antenna ID with the geographical coordinates of the antenna;

e The phone registration country — used as the nationality of the phone owner.

The geographical precision of the data is determined by the level of the GSM network
cell (Cell ID). The spatial accuracy of the location information depends on the density of
the mobile network. The accuracy is higher in urban areas, where the mobile network is
denser and lower in less populated rural areas, where the mobile network is sparse and
where less people dwell and move. The measurements by Positium LBS show that the
spatial precision in Estonia varies from 100-1,000 meters in larger cities (Tallinn, Tartu,
Pérnu) to 1,5-20 km in rural areas. Quality of positioning data has been compared with
accommodation statistics and a correlation between the two databases has been found.

Due to privacy issues, the database is anonymous and does not contain any back-
traceable personal information about the user of the phone. To recognize a person, which
is essential in order to analyze repeat visits and loyalty, a randomly generated unique ID
number is assigned to every phone. The ID generated by the mobile operator enables the
identification of the CDR-s made by one person during the study period.

The collecting, storage and processing of the data obtained complied with European
Union requirements regarding the protection of personal data according to EU directives
on handling personal data and the protection of privacy in the electronic communications
sector. Separate approval was also sought from the Estonian Data Protection Inspectorate
(Directive 2002/58/EC of the European Parliament).

3. Results

In the presentation perspective of tourism and population statistics will be introduced
based on case studies in Estonia.

3.1. Tourism statistics

The main benefit of passive mobile positioning data compared to traditional methods like
population survey, border statistics etc. is the ability to evaluate the indicators for a much
larger sample (indicators: country of origin of visitors, repeat visits, number of
days/nights spent). It is also possible to distinguish same-day and overnight visits, transit
visits from longer stays, tourists from long-term visitors (residents).

All indicators can be distinguished on the level of a particular event (concert of Robbie
Williams, which took place in august 2013). The results show that visitors to this kind of
event (e.g. musical performance) originate from nearby countries (while regular tourists
also come from more distant countries), and have a duration of visit that is longer than in
regular tourists and attract new segments of tourists (first-time visitors).

3.2. Population statistics

Based on passive mobile positioning data home anchor points, work-time locations and
other everyday activity places can be distinguished. Compared to population census data,
MPD helps to evaluate place of usual residence and also distinguish second home
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anchors (where person spends more most of the time from one month in some place
which is not persons home — temporary home, summer houses, holiday homes etc).

In this research the case of Pohja-Tallinn district in Estonia is introduced. For example
home (fig 1) and work-time (fig 2) activity spaces are described (on the accuracy level of
100x100m grids).

Fig 1. Home-anchor points in P&hja-Tallinn district Fig 2. Work-time anchors in Pohja-Tallinn district
4.  Conclusions

Despite some obstacles there exists substantial potential in using mobile positioning data
as new and alternative data source in tourism and population statistics. The benefits of an
increased adoption of this data are: cheaper price, timeliness, quicker delivery to end-
user, bigger sample sizes, more comprehensive data.
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1. INTRODUCTION

Administrative data are increasingly used in official statistics. These data have many
advantages: e.g. a much smaller response burden, the possibility of large sample sizes for
the production of small domain statistics, opportunities for following units through time
to create longitudinal data and comparatively low collection costs. However, the wider
use of administrative data has also revealed more and more quality issues [1,2]. One of
the limitations of administrative data is that they usually have a small number of
variables. It is not possible to produce the desired crosstables, if the two or more required
variables are not in the same source. Therefore, data linkage techniques are used to
combine data from different administrative sources. However, missed links could lead to
biased estimates if the missed links are selective. This is more or less similar to selective
non-response in surveys [3,4].

The linkage effectiveness is the most used indicator of the quality of the linkage.
However, that is not always a good indicator of the quality of the linkage process of two
sources. Estimates based on a linked data set with a high linkage percentage can still be
biased if the missed links are selective. Other often used measures are based on the
numbers of false positives (false links) and false negatives (false non-links). However,
this can only be computed if the true links are already known [5] which in practice is
difficult. Furthermore, these measures still suffer from the fact that the effect of missed
links on estimates depends largely on the selectivity of the links.

We propose an indicator for the similarity of the linked records to the target population
under investigation. We make use of the notion that missed links lead to similar errors as
selective non-response in surveys. To measure representativeness of the response of a
survey, the R-indicator has been developed [6,7]. The R-indicator is based on the idea
that the response of a survey is representative of a target population if the response
probabilities are the same for all units in the population. Note that this corresponds to the
idea of Missing Completely At Random (MCAR) with respect to all variables. Because
these response probabilities are unknown, a weaker version of this idea is used: the
response of a survey is representative of a target population if the average response
probabilities over variable X (with H categories) is constant. This weaker definition
corresponds to a missing data mechanism that is MCAR with respect to X. For X also a
vector of variables could be used. The indicator is called Linkage Representativeness
Indicator (LR-indicator).

2. METHODS

The LR-indicator is based on the concept of linkage probabilities, i.e. the probability to
be linked. If the records in two sources are linked, the resulting links are representative of
a target population if all units have the same linkage probability. In that hypothetical
situation, it is very easy to evaluate the linkage result by measuring the amount of
variation in linkage probabilities. The more variation, the less representative. However,
the linkage probability is a theoretical concept that cannot be observed. What can be

' Statistics Netherlands, Henri Faasdreef 312, 2492 JP The Hague, The Netherlands.
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observed is the value of R;, which has the value 1 if element i links (with probability p;)
and otherwise has the value 0 (with probability 1-p;). The idea is to estimate the linkage
probabilities using auxiliary variables, chosen in such a way that the linkage probabilities
are optimally explained. If a set of explanatory variables X can be found and their values
X;are observed in the linked sources, the linkage probabilities p; can be replaced by the
linkage propensity.

p; (X) =Pr (R;=1|X=X,).

To estimate the linkage propensities, one could use a logistic regression model like

. _ pi(X) \ _
logit p; (X) = log(;= ") = X XijB;
Following Schouten et al. (2009), the LR-indicator for the representativeness of the
linked records of two sources can be defined by

LR = 125,

Where S, is the standard deviation of the estimated linkage probabilities. LR equals one
if all linkage probabilities are equal and then there is complete representativeness. The
smaller the value of LR (the minimum value is zero), the larger the lack of
representativeness.

Besides an overall indicator, it is also of interest to know subpopulations are under-
represented and which over-represented. This information can direct further efforts in the
linkage process (e.g. the search for specific linkage variables for these subpopulations)
and inform on possible biases in the analyses. For this the partial LR-indicators can be
used [8], of which we currently only describe the unconditional one. Let Z be categorical
variable with categories k=1,2,..,K. Z is a component of X. Then the unconditional partial
indicator for Z is defined as [8]:

Pu(Z: px) = \/Zfﬂ%(ﬁ(x k) - .D_(X))z = \/Z§=1 Pu(Z = k'px)za

with p(X) and p(X, k) the average linkage propensity and the average linkage propensity
for category k of Z, respectively; N and N, are the number of records and the number of
records in category k, respectively. The value is bounded above by 0.5 and below by
zero. The larger the value, the larger the contribution of Z to the lower representativeness.
P,(Z =k, p,) is the unconditional partial indicator of category k of Z. A positive value
indicates an overrepresentation and a negative value an overrepresentation. The values
are between -0.5 and 0.5.

3. RESULTS

The LR-indicator is applied to studies that were conducted by Statistics Netherlands in
collaboration with a consortium of universities. In the first study the Population Register
is linked to the Employee Register. The LR-indicator is determined using the micro-data.
In the second study, the National Twin Register is linked to a register of a large Health
Insurance Company, using only the aggregated data. Results from both studies will be
presented. However, at this moment the results of only one study are available.

In the first example the Population Register (PR) and the Employment Register (ER) are

linked. The target population was defined as the employed foreign residents in The
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Netherlands, with exception of residents with a Belgian or German address. The purpose
of the linkage was to enrich the ER with a number of variables from the PR, in order to
answer questions on the impact of the migrant history on occupational careers.
Employees with a Belgian or German address were excluded because the majority of
them are borderland workers and do not have migrant history of interest for the research
question.

The registers are linked with a combination of deterministic and probabilistic methods. In
the first step, the records are linked deterministically on a personal identification number
that is widely available in administrative data sources in the Netherlands. The remaining
records are linked probabilistically [9,5]. To reduce the number of possible pairs, the data
are blocked on variables that are assumed to be of very high quality: postal code or date
of birth. For the probabilistic linkage date of birth, sex, postal code, house number and
extension are used. In total 84.6% of the records of the ER could be linked. The
probabilistic linkage leads to an increase of 0.3% of the total number of linked records.

The covariates sex, age, nationality and region were used in the calculation of the linkage
propensities. Using these propensities, we arrive at an LR-indicator of 0.50 which is
significantly lower than values found in some of the surveys performed at Statistics
Netherlands [6]. Therefore, one should consider correction for the linkage selectivity e.g.
by weighing the data, or even end the research entirely.

It is also possible to calculate partial R-indicators, which express the contributions of the
various subgroups to the overall LR-indicator [9]. The unconditional partial R-indicators
are shown in figure 1. Nationality has the largest contribution to the lack of
representativeness of the linked data set. Especially, persons from Poland and other new
EU countries (joined EU after 2004) are underrepresented. Any analysis of this data set
should, therefore, take nationality into account. Furthermore, male persons, persons aged
20-30 and persons living in the south of the Netherlands are underrepresented. However,
these categories will correlate with the underrepresented nationality groups.



Figure 1. The unconditional partial LR-indicators for the linkage between the
Employment Register and Population Register.

4. CONCLUSIONS

With the increasing use of linked administrative data, the need for a measure of the
representativeness of the data after linkage also increases. The most frequently used
indicator for the quality of the linkage process is the effectiveness. However, this is no
measure for the representativeness. If all population elements have the same probability
of being linked, then the resulting data are representative of the population even if the
effectiveness is low.

In this paper, we present the LR-indicator to measure the representativeness of linkage of
two sources. It is based on the idea that the standard deviation of the linkage probabilities
estimated for a set of auxiliary variables provides sufficient indication of the
representativeness: the higher the standard deviation, the lower the representativeness. It
is also possible to determine partial LR-indicators to find out which variables and which
categories of these variables have the largest contribution to the LR-indicator and
therefore are the most misrepresented in the linked data file.

We give two examples of which one is described in this abstract. We determine the LR-
indicator of the linkage of a Population Register and an Employee Register with age, sex,
nationality and region. The study reveals that the representativeness is rather low. Either
one should put more effort in improving the linkage, correct for the linkage selectivity or
end the research.
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1. INTRODUCTION

The use of combined data from different sources is an advantage that the National
Institutes of Statistics try to take advantage of in more and more occasions.

In a context in which large information are produced by different sources, achieved
through integrated and comparison operations (methods and techniques), it becomes
increasingly urgent the need to equip the results of data integration and linkage with
quantitative assessments of the quality of such combining operations.

As part of the integration of data at a micro level, the currently applied methodologies of
record linkage, are widely used within the Italian National Institute of Statistics (Istat).
These linkage methodologies generally produce good results, mainly when applied by
means of the strong identification matching variables. However evaluation information ie
quantitative indicators of quality of the output of the matching procedures, is rarely
available. In official statistics, evaluation information regarding the output (matching
data) of a procedure has a fundamental role since “certify” the accuracy and credibility of
the data; especially if the aim is then to use them for further analysis or for inference.

2. METHODS

The following matrix identifies the possible combinations that a matching methodology
may produce compared to the truly linked data. The given matrix is used for building the
quality indicators of the record linkage procedure:

Table 1. Output of the record linkage procedure

Linked No Linked
Matched a b
Unmatched c d

The following indicators can be calculated:

e Rate of false matching: f=0b/a+h)
e Rate of missing matching: m = c/(cta)

Usually, the variable Linked / No Linked, that determines the true state of a match, is not
observed. The methods for the estimation of the Linked / No Linked variable are mainly
two:

a) with very accurate manual revision of the matching outputs by clerks;

b) the use of statistical methods such as latent variable mixture models (Fellegi and
Sunter, 1969; Belin and Rubin, 1995).

! Istat — Italian National Statistical Institute
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2.1. The Belin and Rubin method

The most defused method for determining the matching procedure failures, mainly of
those of false matches, it has been proposed by Belin and Rubin (1995). Their proposal
had as a starting point a training set extracted from the records of declared up matches.
Once calculated the matching weights, R? are firstly logarithmic transformed, and thus a
second transformation is applied for rescaling them in the range 1-1000. Finally, last a
Box-Cox transformation is applied on the log-rescaled R’s, in order to give to the
weights a normal distribution shape. At this point, the authors apply a Fitting
Transformed Normal Mixtures with Fixed global parameters. The model refers to the
latent variable that expresses the state of false matches for records declared matches, ie
the cell b.

The proposed method of Belin and Rubin (1995) already-known problems that suffers
the are:

» the difficult construction of a representative training set for which crucial information
are known as the rates of truly linked matching records and thus being able to reproduce
the weight distribution of the two populations Linked and No linked as observed in the
universe of Matches;

* the fact that the distribution of the transformed weights of matches does not always be
adapted to a normal distribution through a Box - Cox transformation.

Here in Istat a practical replication of the Belin and Rubin method has been tempted
facing the above exposed problems and thus aiming no results. The attempt to replicate
the proposed methodology by Belin and Rubin (1995) has been helpful for focusing on
the need to seek a rule that distinguishes the True Linked vs False Linked from the
matched records dataset. For this reason, we have tried to apply the methodology of
Canonical Discriminant Analysis in the context of record linkage. The seek result seems
to be the very similar as the one of Fisher’s when in 1936 introduced this methodology
regarding a dataset with two different kind of Iris flowers.

2.2. Discriminant Analysis
For exposing the method Discriminant Analysis, some notation is necessary:
Let’s the vector of the match records be Y =Y, Y2)
Where Y; are the true linked matched records (from table 1 is a)
Y, 1is its complement alias the false-linked but matched records (from table 1 is b).
The covariance matrix of the matched records is : X = (X1, X3)

denoting with x;the vector that contains the averages of the matched truly linked
covariates

and with X, the vector that contains the averages of the matched false linked covariates.

Respectively are denoted with S;= the matrix of Variance of the matched true linked and
S,= the Variance matrix of the matched false linked.

ny number, indicates how many matched true -linked records are and n, is the
corresponding number of matched false linked records.

? for example, the ratio of the likelihoods obtained through a procedure proposed by Fellegi and Sunter,
although several other different procedures can also be considered for obtaining the weights
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Calculating the Variance and Covariance matrices :

Between clusters =12 (5 %) (% — %)t
ni+n,

and

within clusters W = S1 (1 —D+S3(n,-1)

nitn, -2
that are necessary for construction so called Fishers’ equation of discrimination:
Y = XW_I(JZ]_ - fz)

The discrimination point between the two groups (Breaking point) is given by the :
4
break = NnrTY2
2

and thus the assignment rule for each unit is given by:
11 = il
[y2 = yil
That is each unit of y will be assigned to the population whose center of gravity y; is the
least distant.

min = { vV y;

Once established the effectiveness of this method, using different applications, it may be
proposed to improve the data produced by the record linkage using a training set to
extract the optimal rule to be applied on the whole of Matched (in order to estimate b)
but also on all the unmatched (in order to estimate c).

3. PRACTICAL APPLICATIONS

The methods proposed, the Bellin and Rubin and the Discriminant Analysis, have been
experimented with the aid of simulated data, for which the real state of linkage, is known
through the availability of a univocal identification code.’

3.1. The data in use and the linkage scenarios

The data used in this exercise have been created by Paula McLeod, Dick Heasman and
Ian Forbes, of the Office of National Statistics (UK),within the European project: ESSnet
Date Integration. The two methods have been tested in two different sceneries of linkage:
the first one introduces a rate of false linkage slightly lower than 2% ; this it will be
pointed out as Gold Scenario. In this case it has been drawn out a sample from the total
of the available data, around 1500 unities. Highly identifying variables has been used for
the matching procedure according to the model of Fellegi-Sunter, as implemented in the
open source software for the record linkage RELAIS.

In the first matching exercise, as the dimensions of the two datasets are small, it has been
applied the matching cross product of all the records. The identificative variables used in
the matching procedure are: Name, Surname, day and year of birth, allowing
individualizing 1300 matches of which 45 false linked matches. The matching threshold
of p_postis 0.6.

A second scenario of linkage has been built considering all the records that compose the
ons reference file that is 26000 records. As the number records is high the search space

*  Thus the main aim of this work is to have a methodology that will guarantee us a high level quality

matched records of micro data and thus an estimation of the possible false linked matches that may

contain (error).
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dimension has been reduced using the SimHash function in selected blocks. As matching
identificative variables has been selected the same as in the Gold Scenario. This
matching strategy gave as output 21560 matched records of which 1336 are false linked
matches ie around 6%. The matching threshold was set at p_post=0.8. This scenario will
be indicated as Silver.

A last scenario, named Platinum, takes the outcome of the Gold Scenario that is the 1300
matched records and within them are run with RELAIS other two matching models using
different identificative variables ie address and number of cap. Thus the Platinum
scenario is a merge of 3 different matching models giving us an output of 1652 pair
matches with 327 false linked and 1325 true linked.

3.2. The Results of Discriminant Analysis method

As a first approach it has been used the method indicating with Y the dummy variable of
true vs false linked record regressed on only one covariable, X, the P post (post
probability, calculated from RELALIS that a record is truly matched)

The first application on the Silver scenario, gave us as a break point b=0.9571004. In fact
applying the b on the p-post we have the following results:

foracast_true foreasct_false P_POST foracast_false foreasct_true

TRUE 17555 2669 | b=0.9571004 | 0.8666 706 0
FALSE 16 1320 0.93581 3283 0
0.99387 0 17571

The above results assure us that if we use as indication the above break-point (just one
covariate) the estimated failure of this method is 12,5% ((2669+16)/21,560) while the
actual false records that are indicated as true have a rate of 0,1% (16/21,560).

Similar results we receive from the second application, still using only one covariance
the p_post on the Gold Scenario:

foracast_true foreasct_false P_POST foracast_true foreasct_fals
b=
TRUE 999 256 | 0.9014709 0.66549 17
FALSE 0 45 0.79116 64
0.8376 47
0.86571 173
0.99982 0 99

e

o O o o
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The estimated error in this case is nearly 20% while the rate of false linked matches
considered as true is 0%.

Applying the method on the Platinum scenario and thus having three covariate ie the
three p_post of each model elaborated by RELAIS, the failure rate lowers to 8% however
as the break point is a combination of three different models is not easy to handle.

4. CONCLUSIONS

The aim of this exercise is to find a method that can help us on the estimation of the
errors in the record linkage. In this particular exercise has been took under consideration
two main methods the Bellin Felligi method and the Discriminant Analysis.

The Bellin-Fellegi method gave us no results as the assumptions that must hold in this
method are too restrictive and thus not applied in our datasets in hand. The Discriminant
Analysis method give us reasonable results that can be considered satisfying.
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1. INTRODUCTION: THE STATISTICAL MATCHING PROBLEM

Statistical matching (sometimes called data fusion, synthetical matching) aims at
combining information available in distinct sample surveys referred to the same target
population. Formally, let ¥ and Z be two random variables; statistical matching aims at
estimating the joint (Y, Z) distribution function (e.g. a contingency table or a regression
coefficient) or some of its parameters when: (i) ¥ and Z are not jointly observed in a
survey, but Y is observed in a sample A4, of size n,, and Z is observed in a sample B, of

size ng; (i1) 4 and B are independent and units in the two samples do not overlap (it is

not possible to use record linkage); (iii) 4 and B both observe a set of additional variables
X (for major details see [1]).

2. HOW TO CHOOSE MATCHING VARIABLES USING UNCERTAINTY

In Statistical Matching (SM) the data sources 4 and B may share many common
variables X. This is the case of matching of data from household surveys where a very
high number of variables concerning the household (living place, housing, number of
members, etc.) and its members (age, gender, educational levels, professional status, ...)
are available. In performing SM, not all the X variables will be used but just the most
relevant ones. The selection of the most relevant Xs, usually called matching variables,
should be performed by consulting subject matter experts and through appropriate
statistical methods.

As far as statistical methods are concerned, the choice of the matching variables X,
(X,, € X)) should be made in a “multivariate sense” [2], to identify the subset of Xs

connected, at the same time, with ¥ and Z. This would require the availability of an ideal
data source in which (X, Y, Z) are observed. In the basic SM framework, 4 permits to
investigate the relationship between Y and X, while the relationship between Z and X can
be investigated in