
1 

Optimum allocation of variables in a modular survey 
architecture 

Evangelos Ioannidis (eioannid@aueb.gr)
1
, Fernando Reis

2
, Cristina Calizzani

2
, Fabrice Gras

2
, Martin 

Karlberg
2
, Takis Merkouris

1
, Michalis Petrakos

3
, Photis Stavropoulos

3
, Li-Chun Zhang

4
 

Keywords: Modularisation, integration, pooling, social survey, simulated annealing. 

1. INTRODUCTION 

1.1. A European toolbox for a modular design and pooled analysis of social surveys 

The current context of the social surveys which are run by official statistics organisations 

is characterised by an increasing demand for the coverage of new topics while the 

budgets available are decreasing. While some new topics translate into new variables to 

be added to existing surveys or to brand new surveys, other are transversal, such as 

economic well-being, and require the analysis of the joint distributions of variables from 

separate surveys. 

In order to deal with these challenges European Statistical System (ESS) agreed in 2011 

on a so-called Wiesbaden Memorandum [1] which calls for the ESS to strengthen the 

capacity for reaction and adaptation. In the context of this memorandum, Eurostat 

launched a project on the streamlining and integration of the European social surveys. 

This project included the development of a methodological toolbox to deal with 

estimation and sampling issues in the context of an integrated system of surveys [2]. 

1.2. Optimum allocation of variables 

Part of the purpose of an overall system of surveys is to deal with the decision of where 

to include the new variables that over time social surveys are requested to collect. The 

traditional approach is to include them in a survey which would be thematically suitable. 

However, some new topics, e.g. victimisation, are not suitable to be included in any 

existing survey, and moreover, the existing survey questionnaires are frequently already 

too large to accommodate additional variables. Creating completely new survey is often 

not an option as statistical production systems have reached their capacity limit. Other 

topics are transversal and in order to answer to the different users’ needs, they should be 

included in surveys in different statistical domains. Finally, some needs do not involve 

the introduction of new variables in the surveys but the estimation of joint distributions 

of variables currently included in separate surveys. 

Therefore, a more flexible approach to the allocation of the variables is needed. This 

allocation needs to comply with the outputs (estimations) which need to be produced and 

with their corresponding specifications, namely the precision required, the mandatory 

crossings (for estimations on joint distributions) and periodicity. 

The toolbox developed by the previously mentioned project includes an algorithm to 

allocate variables as the solution to an optimisation problem, specified in the framework 

of a modular survey architecture. 
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2. THE FRAMEWORK: MODULAR SURVEY ARCHITECTURE 

The basic building blocks of a modular survey architecture are the modules [3]. The 

modules are simply groups of variables which should be always kept together for 

analytical or data collection reasons. Each variable can be present in only one module. 

Three types of modules can be distinguished: core modules, harmonised modules and 

specific modules. Core modules are groups of variables (most notably demographic 

variables) that are included in all data collections. Harmonised modules are groups of 

variables (such as education participation or health status) which are used in the surveys 

of different statistical domains, even if not in all surveys. Specific modules are used in 

only one survey. A large part of the variables of the current social surveys would fall into 

this latter category. 

Modules are used to compose instruments, which then consist of sets of modules for 

which data is going to be obtained for the same individuals. Therefore, instruments allow 

the observation of joint distributions of variables present in different modules. A module 

can be present in more than one instrument. 

For each instrument one sample is selected. The samples can be independent or 

coordinated. Data are then compiled for each individual for each module of the 

corresponding instrument. The compilation can be done via a tailor-made data collection 

or via the re-use of existing data, such as administrative records. In the existing systems 

of social surveys, instruments would often correspond to the surveys. 

The estimation of population parameters will then be based on the pooling of the required 

input data from all the samples for which it has been collected. The pooling can be done 

with the methods proposed in [4] or in [5]. 

3. CODIFYING THE MODULAR ARCHITECTURE 

3.1. Instrument composition 

The composition of each instrument in terms of modules is codified via a composition 

matrix A. To accommodate longitudinal data collection, Instruments are grouped into 

parent instruments and child instruments. Each child instrument corresponds to each of 

the times the instrument is used to compile micro-data. For example, if an instrument has 

a quarterly periodicity and the programming period corresponds to one year, there would 

be 4 child instruments. 

The composition matrix A has k columns, one for each child instrument Ii,j of every 

parent instrument Ii, and m rows, one for each module. Element ai,j of matrix A is 1 if 

module i is included in instrument j, otherwise it is 0. 

3.2. Output requirements 

Precision requirements for each module 

Precision requirements are specified as minimum sample sizes required for each module 

(n
*
). 

 

These are computed a priori based on the precision needed for the survey estimates of 

the various variables. The sample size of the instruments (n) will be determined by the 

optimisation algorithm.  

Mandatory crossings 

Crossings between modules consist of the requirement that their data have to be 

compiled for the same individuals. 

A×n³ n*
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Admissibility conditions 

Crossings require that elements ai,j of matrix A are jointly set to 1 for all modules of the 

crossing in at least one instrument. Therefore, admissibility conditions are set for matrix 

A. Only matrices A for which these conditions are observed are admissible as a solution 

to the allocation problem. 

Additional rows in matrix A 

In order to allow estimations about the joint distributions of variables in different 

modules a minimum sample size for each crossing is specified as additional rows in 

matrix A and vector n
*
. 

Periodicity 

A periodicity is specified for each module. The period of a crossing is determined by the 

lowest of the periods of the modules participating in the crossing. 

Admissibility conditions 

In order to guarantee that modules are collected with the required periodicity, only 

matrices A which comply with the following conditions are admissible: 

1) Each module participates in at least one instrument with a frequency which is 

equal or higher than the frequency required for the module; 

2) Modules are included in the children instruments of a particular parent instrument 

with a time interval equal to the periodicity of the module; 

Additional rows in matrix A 

In order to allow modules to participate in crossings for which a longer period is desired 

than the one specified for the module, a low-frequency copy of the module is created and 

added as additional row of the matrix A. This copy of the module may then be added to 

the crossing. 

3.3. Other constraints 

There are restrictions associated to the system of surveys which will constitute additional 

constraints in the admissibility of composition matrix A. The main examples are: 

1) Core modules: modules which have to be included in all instruments; 

2) Modules mandatory in some instruments; 

3) Dependencies between modules resulting from routing; 

4) Maximum size of instruments; 

4. TWO STEP OPTIMISATION ACROSS INSTRUMENT COMPOSITIONS AND SAMPLE SIZES 

The allocation of modules to the appropriate instruments will be determined as the 

solution to an optimisation problem. 

4.1. The cost function 

The total cost C of the system of surveys is the sum of the cost of compilation of the data 

for the k instruments. The cost for each instrument is the sum of a specific fixed cost Aj 

and a variable cost proportional by a factor αi  to the sample size of the instrument nj. 

 

C = Aj +a jnj( )
j=1

k

å
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4.2. The optimisation algorithm 

In addition to the sample size of the instruments (n), the total cost depends on the 

composition matrix A, in particular on how many and which instruments are used to 

allocate the modules. 

 

For any given instrument composition matrix A, the sample size of each instrument is 

determined by minimising the total cost. As the cost function is linear on the sample sizes 

n and the constraints are linear in n, it can be optimised via the simplex algorithm. 

 

However, when the instrument composition is not given, the first step has to be the 

identification of the instrument composition matrix A for which C is at its lowest, 

assuming n
opt

(A) is employed. 

 

This problem is far more complex, as the cost function is highly non-linear in relation to 

A and the space of possible solutions is too large to be explored exhaustively.  For this 

reason a stochastic search algorithm, simulated annealing, is used. 

The algorithm starts with some arbitrary (but admissible) composition A0. In each step t, 

a new candidate composition At+1 is generated by randomly perturbing the current 

adopted solution, At. Via the simplex algorithm, n
opt

 is obtained for the new candidate 

composition At+1. If the cost of the candidate composition At+1 is lower than the cost of At 

then it is taken as the new adopted solution. If the cost increases then the candidate may 

still be accepted with a certain probability which gets lower with each iteration. The 

algorithm is stopped when a maximum number of iterations is reached. 

5. PILOTING THE ALGORITHM 

The algorithm was tested in a series of scenarios Si based on the specifications of three 

European social surveys, Labour Force Survey (EU-LFS), Statistics on Income and 

Living Conditions (EU-SILC) and the Adult Education Survey (AES). 

The baseline scenario S0 was designed to be as close as possible to the specifications of 

the current three surveys considered. Five alternative scenarios (S1 to S5), with different 

design constraints, were then specified. Some of them (S2, S3, S4, S5) allowed for a larger 

number of instruments in relation to today’s surveys. All of the alternative scenarios 

imposed fewer requirements (in comparison to S0) concerning crossings. One scenario 

(S5) offers a greater analytical potential by including additional crossings for which needs 

were expressed in a user survey.  

Run through these several scenarios the algorithm 

successfully found admissible compositions. Allowing 

some modules to leave their current instruments (i.e. 

surveys) and to be allocated to other instruments led to 

less costly compositions (from S0 to S1). Increasing the 

number of instruments allowed for a better sample 

allocation taking into account differing precision 

requirements between modules and consequently to less 

costly compositions (e.g. from S1 to S2). When faced 

with scenarios requiring a higher number of crossings 

(e.g. from S2 to S4) the algorithm found suitable 

C = C A,n( )

nopt = nopt A( )

minA C A,nopt A( )( )  under A admissible and A×nopt A( ) ³ n*
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compositions. These compositions were more costly as one would expect. 
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