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Summary: Data from administrative sources and surveys have measurement and 

representation errors. We present a theoretical framework for these errors. 

Micro-integration is the method that aims at improving the data quality by 

searching and correcting for these errors. We distinguish between completion, 

harmonization, and correction for the remaining measurement errors. We define 

the different errors, give examples of these errors from the daily practice (from 

the Social Statistical Database and the Virtual Census) and propose operating 

procedures to correct for these errors. If one combines register data with sample 

survey data consistent repeated weighting can be used for consistent estimation. 

Finally, the position of micro-integration in the total statistical process is 

described.  

 

Keywords: Micro-integration, data linkage, data quality, data processing, 

consistent repeated weighting 

 

 

1. Introduction 
Traditionally, censuses and surveys are used to collect information needed for the 

production of official statistics. Nowadays, registration data have become 

increasingly popular. The use of these data has many advantages: a much smaller 

response burden, the possibility of large sample sizes for the production of small 

domain statistics, and comparatively low costs. However, the wider use of 

registration data has also revealed more and more quality issues (Grünewald & 

Körner, 2005).  

One of the limitations of registration 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 registration. Data linkage techniques should be 

used to combine data from different registrations and surveys. This report focuses on 

an important aspect of the statistical process after the linkage of different sources: 

the integration of administrative registrations and household sample surveys at the 

micro-level in order to create integrated micro-data files of e.g. persons, families, 

households, jobs, benefits and dwellings.  

We use the term “registration” if we mean the administrative data collected by the 

registration keeper. We use the term register for a statistical information system that 

is used to produce statistical outcomes. As statistical information systems should 

provide accurate, relevant and authoritative information, the transformation of social 

statistics from a wide variety of largely isolated statistics into an integrated statistical 

system is the logical consequence of these prerequisites. Authoritative outcomes are 

supported by consistent statistical outcomes. 

The method of micro-integration is developed in the last two decades, in particular 

in the countries in which registration information is widely used to produce 

statistics. However, authoritative literature is absent. The existing literature (e.g. 
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Statistics Denmark, 1995; Al en Bakker, 2000; Schulte Nordholt, Hartgers en 

Gircour, 2004; Statistics Finland, 2004; CBS, 2006; Wallgren en Wallgren,  2007) 

are more or less descriptions of best practices and not based on a theoretical basis. 

To speak of “State of the art” is perhaps premature. The exception to the rule is the 

method of consistent repeated weighting that is well described in articles in peer 

reviewed journals. 

We start in section 2 with the definition of micro-integration and give the differences 

with related fields such as macro-integration and editing and imputation. As micro-

integration aims at improving data quality by correcting for errors, it is necessarry to 

give an overview of possible errors in research in which different sources are 

combined. That is the contents of the third section. In the fourth section we give a 

review of the methods that are used in micro-integration: completion, 

harmonization, correction for other measurement errors and consistent repeated 

weighting. In this section, which is “the heart” of the report, we will give examples 

from the micro-integration processes used in the Social Statistical Database (SSD) 

and the Virtual Census (VC) of Statistics Netherlands. In section 5 we will discuss 

the use of micro-integration techniques in the statistical process. We conclude with 

some remarks on the applicability of the method and a bibliography. 

2. Definition of micro-integration 

Combining information from different sources can improve data quality. Data from 

single administrative sources and surveys have measurement and representation 

errors (Bakker, 2009b, see also section 3). Micro-integration is the method that aims 

at improving the data quality in combined sources by searching and correcting for 

the errors on unit level, in such a way that: 

• the validity and reliability of the statistical outcomes are optimized, 

• only one figure on one phenomenon is published, 

• variables from different sources can be combined and as such, source and theme 

exceeding outcomes can be published, and 

• accurate longitudinal outcomes can be published. 

The term “error” in the defenition should be understood in a broad sense. It also 

covers the differences in concepts and operationalization of these concepts in the 

integrated sources. We shall elaborate on these errors in the next section.  

In a strict sense, consistent repeated weighting is no micro-integration because it is 

not on unit level and it is not intended to correct for errors in the data. As this 

method is used to satisfy the condition that only one figure on one phenomenon is 

published, we describe the method anyhow.  

Up to now, the method is only widely used for registration data or other data in 

which the entire population is described such as censuses. In theory, there should be 

no difference between the micro-integration of two registrations and a registration 
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and a sample survey. Because of this practice, we give only examples from the 

combinations of registration information.  

Micro-integration diverges from macro-integration in that the data are corrected on 

the unit level. After the micro-integration process, all statistical output that is 

produced from the micro-integrated files is consistent. If one uses macro-integration 

techniques each new table has to be made consistent again on a meso- or macro-

level.  

Micro-integration is also related to editing and imputation. Micro-integration uses 

editing and imputation techniques to make the data of integrated micro-data files 

more consistent. Editing and imputation is primarily used for the datacleaning of one 

source. An externa source may be used to facilitate the detection and correction of 

errors in the primary source, but will not be edited itself. Because micro-integration 

is applied to different linked sources, you are able to improve the quality of the data 

much more than if you have limited information from only one source. Moreover, 

correction for coverage errors and harmonization, two techniques of micro-

integration, are usually not incorporated in editing and imputing processes.  

3. A framework for errors in statistics based on combined sources 

3.1 To a framework for register based statistics 

Possible errors in traditional survey processes are very well documented. Despite the 

increasing use and methodological developments, no framework has been created 

yet to classify the errors in register-based research or combined register and survey 

data. In this section we present such a framework. 

We depart from the idea that the various errors that may occur in surveys are also 

applicable to registrations. In addition to these errors, there are also specific errors 

when registrations are used for the production of statistics, like administrative delay 

(an event is registered with a certain time lag) and linking errors if several 

registrations are linked. 

Most of the registrations are constructed with the aid of some survey technique: 

face-to-face, paper and pencil, telephone or web-based. Let me give an example. 

Once a year most Dutch citizens fill out a tax form for the income taxes. It is 

possible to do that electronically or on paper. Filling out the tax form electronically 

is a kind of Computer Assisted Web Interviewing (CAWI), while filling out the 

paper tax form is a kind of Paper And Pencil Interviewing (PAPI). The tax 

authorities pay a lot of attention to the design of the electronic and paper forms, in 

order to avoid misinterpretation of the questions. Moreover, the electronic help 

function and the booklet sent with the paper tax form contain more information to 

achieve that goal. This is much like the design of a questionnaire and explanatory 

texts for survey research. The explanatory texts can also be used for the instruction 

of the interviewers. 
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Groves et al. (2004) published one of the leading publications on errors in survey 

research. They describe the ‘total survey error’ and distinguish between different 

components. Based on the life cycle of a survey (figure 1) they distinguish between 

‘measurement’ and ‘representation’ errors. As the survey outcome is the crosstable 

of two variables, the errors on the measurement side have a shadow for the second 

variable. The representation errors are the same for both variables, but the size can 

differ. 

Figure 1.  

De ‘life cycle’ of and errors in a survey (Groves et al., 2004) 
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Based on the general idea that it is likely that the errors that normally emerge in 

surveys will also occur in registrations, as most of the registration data are collected 

with the aid of a survey technique, figure 1 can easily be adapted to the most 

common life cycle of registrations. It is possible to distinguish between one 

registration used on its own, and several registrations used in combination with each 

other. As we have limited space, we present only a figure for combined registration 

use (Figure 2). The columns “Measurement” and “Representation” errors refer to all 

the sources used to produce a statistical outcome. 

The possible errors that are common in surveys will also occur in registration data. 

However, that does not mean that the errors are identical. They differ in size 

according to the interest of the registration keeper and registered person, they differ 

to the extent that the results can be influenced by the researcher, and there are errors 

that are unique for registration data. 

Figure 2.  

The ‘life cycle’ and errors in a combined registration situation 
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3.2 Measurement 

The measurement in a registration starts with the definition of the theoretical 

concept the registration keeper wants to measure for administrative purposes. This is 

called the administrative concept.  

Operationalisation is more concrete than a theoretical concept: it is a way to collect 

information about the theoretical concept. The critical task for measurement is to 

design questions and protocols that perfectly measure the theoretical concepts. Only 

meticulous questioning can prevent bias in the answers (Groves et al, 2004; Czaja & 

Blair, 2005 pp. 59-84). Questions can be communicated face-to-face, by telephone, 

on paper or electronically. In the phrasing of the question to measure the theoretical 

concept, errors may occur that leads to invalid answers. As long as the theoretical 

concepts are easy to understand for both registration keepers and registered units 

(persons, companies), no significant problems occur. If the theoretical concept 

becomes more difficult to understand, this will easily lead to biased measurement. 

Registration keepers invest substantially in the wording of their questionnaires. 

The size of errors in registrations depends on the control processes that the 

registration keeper executes. Of course all kinds of checks by the registration keeper 

in the administrative process can correct for errors in the preceding interview. An 

employment officer may demand to see documents (e.g. pay-slips, diplomas or 

certificates) to verify the information that the job-seeker has given to prevent 

possible errors. Or a tax employee can link other registration data in order to search 

for inconsistencies in the data which give rise to suspecting the quality of the data. 

Any remaining irregularities are mostly corrected in the registration in consultation 
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with the reporting instance or person concerned. In some cases the recorded data are 

audited by accountants or other inspectors. These administrative protocols are 

formulated in order to maximize the quality of the measurement of the variables that 

are important for the purpose of the registration keeper. Therefore, we may assume 

that the quality of these data is better than that of variables that are considered less 

important. An example of such a variable is the end date of jobs in the income taxes. 

As the tax sum in the Netherlands does not depend on this information, the tax 

authorities do not pay much attention to it and it is therefore at risk of low quality.  

The size of errors also depends on the interest of the registered persons. That is to 

say, if it is in the interest of the registered person to be registered falsely in a specific 

way, the probability that this misregistration will occur will be larger. If you are 

interested in the data quality of a specific registration, it is important to specify the 

interests of both registration keeper and registered. This information can be useful to 

formulate hypotheses for bias in the data. 

After the phrasing of the questions, the interviews are carried out. Many 

measurement errors are encountered in this step of the life course of a registration. 

We mention only memory effects like false recollection and telescoping (e.g. Sikkel, 

1988; Auriat, 1991, 1993; Smith & Duncan, 2003; Schroots, Van Dijkum & Assink, 

2004), interviewer effects (Pannekoek, 1988; Brick et al., 1995; Ganninger, Häder & 

Gabler, 2007), and deliberate misreporting (e.g. Belson, 1986; Groves et al., 2004). 

One measurement error is unique to registrations. When using registrations for the 

production of statistics, one of the errors that must be taken into account is the so-

called administrative delay. This delay is caused by events being recorded some time 

after they actually occur, and it is an important source of error. Of course, if a survey 

collects information on past events, this is also a sort of delay, but the information 

on the past is always available at the time the outcomes are published. Registrations 

that contain administrative delay are used at a moment in time that not all the events 

have yet been recorded. This may lead to substantial bias in the estimation of events 

in a certain period. For instance, marriages contracted in immigrants’ country of 

origin are sometimes recorded two or three years after the event. This can lead to a 

certain bias in the registration outcomes. The direction of the bias depends on 

fluctuations in the number of events and in the size of the administrative delay. A 

decrease of the administrative delay will lead to overestimation of the events, an 

increase will lead to the opposite. 

The interviews lead to a response and a new entry in the registration. The response is 

corrected by a set of decision rules. Implausible values are deleted or sometimes 

imputed, missing information is imputed with the use of a model, new variables are 

derived by combining the information from several variables, and alphanumerical 

information is coded. In all these processing steps, it is possible that wrong decision 

rules are applied. 
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3.3 Representation 

On the representation side, the first step is defining the target population. Under-

coverage will result if the target population of the registration is not completely 

covered by the entries in the registration. For instance, the target population of the 

Population Register is all inhabitants living in the Netherlands for at least four 

months. However, the registration does not include the ‘illegal’ population even 

though it is part of the target population (Van der Heijden et al., 2006). This results 

in under-coverage of the target population. Administrative delay in registrations can 

lead to under-coverage (e.g. birth and immigration) and over-coverage (e.g. death 

and emigration).  

Figure 3.  
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Administrative records from different registrations should be combined by linking. 

In most cases the linking key is a personal identification number (PIN), or - if such a 

number is absent in the registration - a combination of variables, for example birth 

date, sex and address. Two types of linking errors can occur: missed links and 

mislinks (Fellegi & Sunter, 1969; Arts, Bakker & Van Lith, 2000). Missed links are 

cases where the record cannot be identified; they correspond with errors caused by 

non-response in surveys: if missed links are non-random, they will lead to biased 

outcomes. Mislinks occur if records of two different elements are combined.  

3.4 Consistent estimates if register and survey data are combined 

One of the aims of micro-integration is that only one figure on one phenomenon is 

published. If a survey is enriched with register data the population totals of the 

register variables are estimated by assigning weights to each record of the combined 

dataset. These weights are determined in such a way that the distribution of a set of 

margins and crossings of register variables are reproduced. This results in estimates 

that are consistent for all the variables that are used in the weighting procedure. 

However, the estimates are not consistent with the register variables not used to 

determine the weights. It is impossible to take all possible variables into the 

weighting procedure to guarantee consistency. There will be too little degrees of 
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freedom. If two or more surveys are linked to a set of linked registrations, using one 

set of weights per survey, many estimates will be numerically inconsistent across 

surveys. 

To produce consistent estimates the method of “consistent repeated weighting” has 

been developed by Statistics Netherlands (Kroese, Renssen & Trijssenaar, 2000; 

Houbiers, 2004; Gouweleeuw & Hartgers, 2004). Conventional weighting 

procedures assign weights to records in a (combined) data file and estimate all tables 

with the use of those weights. Consistent repeated weighting procedures assign 

weights to records in a (combined) data file for each table in such a way that later 

estimates are consistent with previous estimates. This technique is discussed in 

section 4.4. 

4. Micro-integration techniques 

4.1 Introduction 

Representation errors exist if the target population is incompletely described by the 

data. We distinguish between over-coverage and under-coverage. By means of 

completion we detect and correct for these errors. Measurement errors may also 

occur when the determining the elements of the population. For the correction of 

these measurement errors other micro-integration techniques are applied. 

Measurement errors exist if characteristics of the population elements are not 

correctly described. These errors may have different causes. By using information 

from different sources, these errors can be detected and corrected. For the correction 

on a conceptual level we use harmonization. For the correction on data level we use 

correction for measurement errors.  

For the detection of representation and measurement errors we search for 

inconsistencies in the data. Only if it is of interest for the publication of statistical 

outcomes, inconsistencies should be solved. Micro-integration can be applied in a 

situation that different administrative sources are available for the same subject or 

the same administrative source for different periods. These administrative data are 

more or less integrally, that means that the population of the administration is 

covered completely. However, it is not necessary to restrict the application of micro-

integration to integral administrative sources. It is also possible to apply micro-

integration techniques to a linked sample survey and integral registrations and even 

two sample surveys if the overlap is large enough. The experience with micro-

integration of survey and registration data is limited. We restrict our examples to the 

practice of registration data. 

Consistency is an aspect of quality that has its own merit apart from validity and 

reliability. Statistical outcomes are of better quality simply and solely because they 

are consistent with other statistical outcomes as this makes it possible to make 

comprehensive descriptions of subjects. 
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4.2 Completion 

4.2.1 Detecting representation errors 

In the preparation of research, one of the first steps is defining the target population. 

The target population is the population on which the research data are collected and 

outcomes are presented. The difference between the target population and the 

observed population is called the total representation error. The total representation 

error can consist of: 

• Under-coverage or over-coverage because the population of the integral 

registration (or the sample survey) differs from the target population of the 

research. 

• Under-coverage because elements of the target population are missing in the 

administrative data. One important cause is administrative delay. If persons are 

the statistical entity, administrative delay in the registration of birth and 

immigration will lead to under-coverage. 

• Over-coverage because elements that do not belong to the target population are 

(still) in the administrative data. One important cause is administrative delay. If 

persons are the statistical entity, administrative delay in the registration of death 

and emigration will lead to over-coverage. 

• Under-coverage because elements that belong to the target population can not be 

linked (“missed links”).  

• Over-coverage because elements that do not belong to the population are 

wrongfully linked (“mislinks”).  

Representation errors ideally are detected by comparing to a reference dataset that 

contain all population elements. If the data under study include elements that are not 

in the reference data file, that will be a matter of over-coverage. If the data under 

study do not include all elements from the reference data file, that will be a matter of 

under-coverage. In most cases such a reference dataset is not available and has to be 

created during the process of micro-integration by combining all sources that contain 

elements of the population. Some examples can illustrate this. 

Example 1. The target population of a research is: “the students in higher education 

that belong to the Netherlands population on October 1st 2009”. The best fitting 

source to define this target population is the so-called Central Registration for 

Enrolment in Higher Education in combination with the Population Register. The 

first source contains yearly information on students in higher education in the 

Netherlands from study year 1985/’86. There are two important errors in the 

representation of the statistical target population: the registration covers only higher 

education in the Netherlands that is publicly financed. This means that students who 

live in the Netherlands but study in Belgium or Germany and students who take 

courses at private colleges and universities are not covered (Bakker, Linder & Van 

Roon, 2008). The Population Register has over- and undercoverage problems like 
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e.g. the temporary workers from abroad, illegal population and already emigrated 

persons who are still registered in the Population register (Bakker, 2009b; Van der 

Heijden et al., 2006). 

Example 2. The target population is the Netherlands’ population on January 1st 2009 

who are suspected of a criminal offence. The most suitable administrative data 

source is the combination of the Population Register and the so-called Suspect 

Identification System (SIS) of the police. Apart from the coverage problems in the 

Population Register mentioned in example 1, coverage errors also are a result of 

linking errors. Two types of linking errors can occur: missed links and mislinks 

(Fellegi & Sunter, 1969; Arts, Bakker & Van Lith, 2000). Missed links are cases 

where the record cannot be identified; they correspond with errors caused by non-

response in surveys: if missed links are non-random, they will lead to biased 

outcomes. Mislinks occur if records of two different elements are combined. If the 

different elements both belong tot the target population, there is no coverage 

problem. Mislinks then usually lead to underestimation of the correlation between 

variables. These errors should be treated as measurement errors, because if one or 

two variables are measured with certain unreliability, the correlation is usually 

underestimated. If one of the elements do not belong to the target population and the 

other does not, this will lead to overcoverage. From the SIS records only 89% can be 

identified in the Population Register, approximately 6% has a foreign address and do 

not make part of the target population. This means that around 5% are missed links. 

These missed links are highly selective and therefore will lead to selection bias 

(Blom et al., 2005).  

4.2.2 Correction for under-coverage 

There are different methods to correct for under-coverage. We distinguish between: 

• Combine different sources to create a complete list of the elements of the target 

population.  

• Assign weights to the population elements that are observed in order to represent 

the target population.  

• A form of unit imputation in order to represent the target population. 

The second and third methods are well described in the literature on the correction 

for non response in surveys (e.g. Groves et al., 2004; Stoop, 2005) and therefore we 

will not elaborate on this. Note that you need a frame to weight or impute. If you 

miss such a frame, you need to create one as we describe below. 

The correction for under-coverage starts with the precise definition of the target 

population. The statistical target population should be operationalised by using 

several registrations covering different populations, taking into account that these 

registration populations themselves are also under or over-covered. Linking records 

from different sources should provide a check on the completeness of the 

registrations. 
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The target population of the research of the first example in section 4.2.1 is: students 

in higher education who belong to the Dutch population on October 1st 2009. The 

under-coverage in the Central Registration for Enrolment in Higher Education 

consists of students who live in the Netherlands but study in Belgium or Germany 

and students who take courses at private colleges and universities are not covered 

(Bakker, Linder & Van Roon, 2008). There is one source that contains individual 

information on these missed students: the Study Financing Law Registration, the law 

covering study grants in the Netherlands. From 1995 onwards all students who 

receive a study grant from the Dutch government are included in this registration. 

The registration target population is well covered. All students who received a study 

grant are registered, also students who study in Belgium or Germany and on part of 

the private schools. Linking these two registrations will cover almost the entire 

population.  

In the case of criminal suspects (Example 2 in section 4.2.1) another method is used 

to reduce under-coverage. It is known that moving is one of the main reasons for 

missed links in general. On top of that, suspects have interest in misleading the 

police officers in giving false name and address information. This leads to a 

situation that their data can not be linked. However, this situation is only temporal, 

as in many cases after a while the correct personal details are registered. In the SIS 

the personal details that identify suspects are updated permanently. By making use 

of the most recent information, more and more of the suspects can be identified.  

It is not always possible to correct for under-coverage. If you lack  reference data or 

the administrative data that can be used in combination for that purpose, none of the 

methods is entirely appropriate. However, it is possible to estimate the size of the 

under-coverage by using survey information. Of course the sample of this survey 

should not be restricted in the manner as the registration data are. But if you have a 

survey that covers the target population and you can link this survey to the 

registration perfectly, than the under-coverage can be estimated by the weighted 

total of the records that can not be linked. 

4.2.3 Correction for over-coverage 

Over-coverage of the target population should be corrected by means of  deleting the 

elements that do not belong to the target population. To execute this, those elements 

have to be identified as such. An exact operationalization is necessary for this 

purpose. An example of an exact operationalization for e.g. the category of job 

seekers on October 1st 2008: “the persons who are registered in files of the 

employment agency 2008, version of April 1st 2010 (which is corrected for 

administrative delay up to January 1st 2010) and on October 1st 2008 score “yes” on 

the variable job search.  

We can distinguish between the following situations: 

The definition of the target population can be operationalized within the year 

volumes of one data source. In this situation the correction for over-coverage is 

relatively simple. In the above mentioned definition, the correction for the 
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administrative delay has been executed because all the events that take place 

afterwards are already processed in the data in the version of April 1st 2010. 

The definition of the target population can not be operationalized within the year 

volumes of one data source, but other sources are required to identify the elements 

that do not belong to the target population. The over-coverage that is caused by the 

administrative delay in the employment agencies registration, can be corrected by 

linking the registration of the employment agency to the employment registrations. 

The starting date of a job can be considered as the transition date from job seeker to 

employee.  

It is not always possible to correct for over-coverage, e.g. in the case of over-

coverage caused by mismatching. The number of mismatches can be estimated (e.g. 

Arts, Bakker & Van Lith, 2000). However, it is not known to how much over-

coverage this will lead, because part of the mismatched records can belong to the 

target population. In these situation, information on two different elements are 

linked. These errors are similar to the measurement errors in surveys. Up and above 

it is not possible to identify the elements that cause the over-coverage. Therefore 

they can not be deleted. 

4.3 Harmonization and correction for other measurement errors 

4.3.1 Detection of measurement errors 

Measurement errors occur if characteristics of the elements of the population are 

described wrongly. Registrations and surveys comprise all kinds of different 

measurement errors. We can classify the measurement errors in surveys into three 

categories: errors made in the conceptualisation of the variables, errors made in the 

collection of the data and errors made in the processing of the data (see section 3). 

Inconsistencies in the data are an indication of possible errors. We distinguish 

between the following situations: 

• If different sources contain the same variable, outcomes could be inconsistent, 

e.g. a person is registered in one registration as a male and in another as a 

female. 

• If a logical relationship between variables exists that is violated by the data, e.g. 

the wages earned in a year unequals the sum of the 12 monthly wages. 

• If the state and transition figures are inconsistent, e.g. the population on January 

1st 2009 plus the number of birth and immigrants during 2009 minus the number 

of death and emigrants during 2009, does not count to the population on January 

1st 2010. 

• If there is an impossible transition from one situation to the other, e.g. a 

transition from “married” to “never married”. 
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• If there is an implausible combination of situations, e.g. someone has two 

fulltime jobs at the same time, or a fulltime job and a complete unemployment 

benefit. 

• If data are inconsistent with some reference data. This can be checked very 

simple by setting range limits for a variable using information from an external 

source, but also by more complex methods based on relations between two or 

more variables, and even on outlier detection in regression analysis. 

A particular case for inconsistency is longitudinal inconsistency. By that, we mean 

that the information on a certain period is not correct to estimate the transitions and 

therefore changes in (sub)populations. Longitudinal inconsistency is mainly caused 

by administrative delay and changing rules and regulations which leads to other 

measures of variables. For example, marriages of migrants who marry a bride or a 

groom from their native country are registered sometimes with a delay of more than 

two years. This will lead to biased estimates depending on the fluctuations in the 

administrative delay of these events. If these events are linked to other events 

registered without any delay, the relationship will be estimated biased.  

4.3.2 Harmonization 

Statistical research starts with the question what should be measured. In the first step 

this is defined conceptually. Two examples of conceptually definitions: “an 

employee” is “a person who holds a job and is employed by an employer”, and the 

conceptual definition of a job is “a set of tasks and duties performed, or meant to be 

performed, by one person…” (International Labour Organization, 2007) 

After the conceptual definition of the variable, the concept should be measured. In a 

survey this is done by transposing the conceptual definition into a questionnaire. In 

the questionnaire the exact criteria are given to measure the concept. In registrations 

the measurement of the concept is done by deriving the variable from registration 

information. In registrations, the degrees of freedom for deriving the conceptually 

defined variable correctly is limited as the variables in registrations are measured for 

administrative purposes. It is sometimes difficult to derive the correct statistical 

variable from the administrative information if the information in the administrative 

variables is not detailed enough, or simply measures something else (Wallgren & 

Wallgren, 2007, pp. 92-93). In some cases it is impossible to quantify the concept 

using the administrative data. In the situation that you have only one variable at your 

disposal in the combined registrations and the administrative concept differs from 

the statistical concept you want to measure, it is almost impossible to validly 

measure the variable. The transposition of the information of different registrations 

or surveys to one concept is called harmonization. 

Harmonization consists for the greater part of the formulation of decision rules, in 

which the measurement of a concept is determined as precisely as possible, given 

the existing information in the data sources. To do this correctly, it is necessary to 

use knowledge on the academic and public meaning of the concept and knowledge 

on the information in the sources that can be used for measuring the concept.  
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4.3.3 Correction for other measurement errors 

After harmonization has been executed to diminish inconsistencies in the data, the 

remaining inconsistencies are solved by chosing the best source for each variable. In 

chosing the best source it is important to know which variables are crucial for the 

registration keeper to carry out his administrative duties. If a variable is not 

important to the registration keeper, it will be at greater risk to have a low quality, as 

the registration keeper shall pay little attention to its quality and spend not much 

auditing time.  

The quality of a variable in a source can be strong at one point, but weak on another. 

For example, the yearly wages in source A can be of very good quality for 

government employees, but of fairly poor quality for employees in other economic 

sectors. If source B is fairly good for all employees, the yearly wages of government 

employees are derived from source A and of the other employees from source B.  

If the details of the quality of the sources is unknown, sometimes the new variable is 

derived from two or more sources by taking the mean. It is also possible to 

formulate a decision rule in which the data are adjusted in such a way that a 

relationship between two or more variables is correct. It depends on the quality of 

the data which information is adjusted.  

4.4 Consistent repeated weighting 

Let us assume that we want to produce consistent estimates from a dataset in which 

one register and one survey are linked (Figure 4). The register is produced by linking 

several registrations and comprises the x-variables x1,...,xn. By applying micro-

integration techniques like completion, harmonization and correcting for other 

measurement errors, the register records in this dataset are consistent. The data block 

of the survey comprises the variables y1,...,yn. and does not contain variables already 

available in the register block. Furthermore, the survey records have been assigned 

design based weights d.i which are to be calibrated with the use of a weighting 

model to correct for non-response which results in weights wi The x-variables that 

are used to calibrate the design based weights are part of the register part of the 

dataset. For all variables that are used in the weighting model, consistent estimates 

are guaranteed, whether you count from the register data block or estimate the 

variables from the enriched survey data block of the dataset. However, the estimates 

for other x-variables could be inconsistent between the whole register and the 

enriched survey data block of the dataset. 

Several possible solutions to this problem have been proposed: massive imputation 

and extending the weighting model by more variables (e.g. Kroese, Renssen & 

Trijssenaar, 2000). Both techniques have similar limitations. If the number of 

estimates you want to produce are small, then it is possible to design an imputation 

or weighting model that produces consistent estimates. If you want to estimate all 

your statistical output from such a dataset, and if you link all register information 

into one dataset and combine this with all your survey data this should be the case 

(Bakker, 2002; Houbiers, 2004), then there are not enough degrees of freedom to get 
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a sufficiently rich imputation or weighting model (Kroese, Renssen & Trijssenaar, 

2000). Therefore, an alternative to usual weighting and imputation procedures was 

developed to be able to produce a consistent set of tables using available 

registrations and surveys: consistent repeated weighting (CRW).  

 

Figure 4.  

Example of linked registrations and a survey 
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To estimate a fully consistent set of tables the following procedure is adopted 

(Kroese, Renssen & Trijssenaar, 2000; Renssen et al., 2001; Houbiers, 2004): 

Each cross-tables Tk (k=1,…,K) will be based on the most suitable data block. In 

most cases this is the data block in which the statistician has the most confidence. As 

micro-integration already has maximized the validity of the variables measured, 

normally we have most confidence in the largest data block . Tables form larger data 

blocks are estimated before tables from smaller data blocks. 

If a cross-table Tk has a margin Tm that can be estimated from a larger data block, 

this margin should be estimated first. In particular this will be the case for the 

variables x which are used to enrich the survey data. The variables x are measured 

for the entire population, but only a small part of the units are in the enriched survey 

data block (red and orange). They should be estimated by counting in the register 

block (yellow and orange). 

All cross-tables that can be estimated consistently with the block weights wi should 

be estimated before the tables that cannot be estimated consistently. This should be 
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applicable for all tables with only variables from the survey and variables used in the 

weighting model. 

If a cross-table Tk cannot be estimated consistently with the block weights of the 

most suitable data block, the table must be estimated by consistent repeated 

weighting. That is, the block weights iw  should be adjusted in such a way that the 

margins and cross-tables estimated in the steps mentioned before are reproduced. 

The block weights iw  are adjusted slightly to estimate the table in question. 

Consistent repeated weighting is based on the repeated application of the well-

known regression estimator and generates a new set of weights for each table that is 

estimated. Let y be a scalar variable of which the population parameter -either total 

or average- ought to be obtained for a table through a set of explanatory variables x 

from a register. The regression estimator of the population average for y is defined 

by  

( ) ( ) sssssssdpsdREG yDXXDXbXXbYY '';ˆ'ˆˆ 1−=−+= ; 

),...,( 1 ns dddiagD = , 

where pp YX and are the population means of x and y, respectively while dd YX ˆandˆ  

are their estimates based on the design weights di and bs is the estimated vector of 

regression coefficients. Xs is the matrix of sample observations on the x-variables 

and ys the vector of observations on the variable y. Instead of these traditional 

regression estimators, the repeated weighting procedure uses a set of coefficients of 

the form 

( ) ssssssw yWZZWZb '' 1−= ;           ),...,( 1 ns wwdiagW = ,  (1) 

where Zs is the matrix of sample observations on the variables in the margins of the 

table with variable y. The averages of the marginal variables z have been estimated 

already in an earlier table or are known from a register. Denoting these estimates or 

register counts by ,ˆ
RWZ  the repeated weighting estimator of Y  is defined by  

( )REGRWwREGRW ZZbYY ˆˆ'ˆˆ −+= .      (2) 

Substituting (1) into (2), it can be shown that the weights thus obtained for the 

records in the micro-dataset are adapted in such a way that the new table estimate is 

consistent with all earlier table estimates; see Knottnerus and Van Duin (2006). 

If more surveys are linked to the linked register data block and they have variables 

in common, a separate rectangular data block consisting of records from the union of 

these surveys can be created. Cross-tables concerning these common variables can 

be estimated more accurately from the union of these survey data. Following the 

steps mentioned before, this can be achieved by applying CRW. However, it 

requires that the definition and the measurement of the variable is the same in both 

or all surveys and preferably the sampling frames should be the same too (Houbiers, 

2004). 
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A point of attention should be the order in which the tables are estimated. Even 

when the cross-tables are estimated according to the steps mentioned before, there is 

no unique estimate for tables that are estimated by repeated weighting. Because the 

adjusted weights for each table may differ since they depend on the weighting model 

used. The weighting model, in turn, depends on the tables that have already been 

estimated. In order to tackle this problem, a fixed order can be used in addition to 

the rule that cross-tables from larger data blocks are estimated before cross-tables 

from smaller data blocks. It is called the splitting up procedure. Let us assume that 

we are interested in a three way cross-table of x, y and z. Firstly, the one-way tables 

for x, y and z are estimated. Secondly all two-way tables (x by y, x by z, y by z) are 

estimated under the restriction that the one-way tables of x, y and z are reproduced. 

Finally the three-way table x by y by z is estimated, taking the two-way tables into 

account. 

Another point of attention is related to the occurrence of empty cells in the survey: 

sampling zeros. If the interior of a cross-table has to be calibrated on some counted 

or estimated population total but in the data block from which the table must be 

estimated there are no records satisfying the conditions, it will then be impossible to 

find a solution for the repeated weighting estimator. This problem arises in particular 

when a survey data block has a large and selective non-response. One way to deal 

with this problem is to combine several categories in the variables where the 

problem occurs. As a consequence all estimates of a higher order that were executed 

before should be repeated. Another way of dealing with this problem can be found in 

the use of synthetic estimators. One replaces the sampling zeros by a very small 

value to avoid the estimation problems analogously to the application of log linear 

models (see Bishop, Fienberg & Holland, 1975; Houbiers, 2004). 

If one uses CRW to estimate consistent tables one should take edit rules into 

account. Edit rules are used in the micro-integration process in particular but not 

exclusively to correct for “other measurement errors”. The CRW could lead to cross-

tables that violate the edit rules. To avoid this, one should include the variables used 

in the edit rules in the CRW weighting model (Renssen et al., 2001). Consider a 

registration containing the categorical variable age and a sample containing the 

categorical variable driving license ownership. Suppose that the frequency of age as 

a classification variable has already been estimated and that we define an edit rule: if 

“age < 18 then license = no”. Let P (license) denote the population fraction of 

license ownership and P (≥18) the population fraction of persons older than 

seventeen, then we have 

P(license) = P(license|≥18)[P(≥18)] + P(license|<18)[1-P(≥18)] 

Utilizing the edit rule we determine that P(license|<18) = 0, from which it follows 

that P(license) = P(license|≥18)[P(≥18)], where [P(≥18)] is already estimated from 

the register. It is rather easy to formulate a reweighting scheme for this particular 

example by taking the minimal re-weighting scheme from crossing between age and 

driver’s license, we obtain post-stratification with the age classes as post-strata.  
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If one uses different aggregations of one variable than these different aggregation 

levels should be hierarchically nested. Otherwise, the number of categories that the 

estimation should be consistent with will be too large and it also leads to empty or 

almost empty cells.  

Knottnerus and Van Duin (2006) give the variance formulae for the CRW estimator, 

and test CRW estimators under various conditions. Several simulation studies, e.g. 

Boonstra (2004) and Van Duin and Snijders (2003) show that the method of 

consistent repeated weighting leads to estimates with lower variances than usual 

estimation methods, due to a better use of auxiliary information. 

5. The position of micro-integration in the statistical process 

Micro-integration includes the processes that are executed to repair the errors in the 

preceding administrative processes, i.e. the process from the response of the 

administrative concept of a set of registered population elements to the outcomes of 

the statistical concepts and the statistical population (Figure 5). The starting point of 

micro-integration is twofold: the inconsistencies in the linked dataset and the 

knowledge of the errors in the original sources.  

Figure 5. 

The position of micro-integration in the statistical process 
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Van der Laan (2000) provided the first model for a micro-integration process: 

• harmonization of units: are the statistical units defined uniformly in all sources? 

(special reference to comparability in space and time); 
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• harmonization of reference periods: do all data refer to the same period or the 

same point in time? 

• completion of populations (coverage): do all sources cover the same target 

population? 

• harmonization of variables: are corresponding variables defined in the same 

way? (special reference to comparability in space and time); 

• harmonization of classifications: are corresponding variables classified in the 

same way? (special reference to comparability in space and time); 

• adjusting for measurement errors (accuracy): after harmonising definitions, do 

the corresponding variables have the same value? 

• adjusting for missing data (item non-response): do all the variables possess a 

value? 

• derivation of variables: are all variables derived using the combined information 

from different sources? 

• checking overall consistency: do the data meet the requirements imposed by 

identity relations? 

This model was developed in the nineties in a pilot of the so-called Social Statistical 

dataBase (SSB) in the Netherlands and was very valuable at the time. By now, it is 

an idealized image of daily practice and no longer complete. In this section we give 

comments on the model with the aim to improve and update it. The first comment is 

that some steps can be formulated more generically. The second comment is that the 

steps in the model flow in practice more together. The third comment is that some 

important steps are not in the model, e.g. consistent and repeated weighting.  

In the preparation of statistical research, the research questions are formulated. To 

make this more tangible, the target population and the concepts you want to measure 

of this target population are defined.  

In the first stage in the micro-integration process the target population is 

operationalized in all necessary sources you combine. This is done by identifying all 

the population elements by assigning a linking key. For disclosure purposes, this 

could be a meaningless number. It is not only necessary to uniformly define and 

measure the population elements, but define and measure it according to a 

conceptual definition that was developed beforehand. 

In a number of cases it is necessary to derive one or more variables that are needed 

to define whether an element belongs to the population. An example can illustrate 

this. If the target population is: “the jobs on ultimo March 2010”, and a job is 

defined as a contract between a “company” and a “person” in which is agreed that 

the employee executes particular activities for which the employer pays a loan in 

return, it is necessary to define and measure “company” and “person” and harmonize 

all the information on these variables. For “person” this will not be problematic, but 

for “company” this certainly is difficult.  

After that, you have to decide whether the combined dataset contains double 

population elements. Not entirely harmonized information on “company” for 

instance will lead to missed links and overcoverage of the population of jobs: double 
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population elements are not recognized as such. In other words, you first harmonize 

the elements that are used to define the units, than you derive the units according to 

a standard definition, and you delete the double population elements. It is possible 

that each source contains unique jobs which are not covered by other sources.  

Particular attention should be given to the reference period and space. As far as the 

reference period concerns, the information on the end dates of jobs can differ 

between sources. Because we know that the end dates of jobs are of relatively low 

quality in all of the registrations, we confront the information on jobs with the 

information on social benefits and other jobs later in time. This information leads to 

a number of corrections in the end dates of jobs.  

Space is important because you have to decide whether jobs in companies 

established in a foreign country belong to the population or not. In addition you have 

to answert the question whether jobs of persons living in a foreign country and 

working in a Dutch company belong to the population or not.  

After the definition and measurement of the population elements in all sources, the 

linking of the elements and the deletion of the double elements, attention should be 

paid to the number of missed links in each of the sources. If you combine for 

instance three sources and the linking effectiveness is 98%, you hope that a missed 

link in the one source is a link in one of the other sources. Assuming that the union 

of the sources contain all population elements, you completed the population. Of 

course, you will never be sure just because you can not fully identify the 

information.  

To test whether the population elements cover the target population, ideally you 

should compare the result of the above processes with a list of population elements. 

However, if such a list would have existed you surely would have used it in the 

process of operationalization of the target population. So in most cases you have to 

test the completeness in another way. One of the possibilities is to estimate the 

number of population elements in a survey. In our example the number of jobs can 

be estimated from the Labour Force Survey (LFS). The response of the LFS is 

weighted to the total population and you can compare the results. Of course you 

have to use the same concept of job and the same reference period and reference 

space. If the results differ it is likely that there is over-coverage or under-coverage. It 

is also possible that this is the case even if the estimates do not differ, namely if 

under- and over-coverage are of equal size. Linking the LFS to the registrations 

should shed more light on the under- and over-coverage. 

After the determination of the list of population elements, the variables of the 

population elements should be harmonised in all the sources. This has already been 

executed for the variables used for the determination of the target population. This 

process step starts with the conceptual definition of the variables that are necessary 

for answering the research questions. The information in the combined data file is 

used to measure these concepts as good as possible. If the information in the original 

sources differ, the information from all the sources is transposed to the same 

concept. This is called harmonization of variables. A specific part of this is the use 
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of standard classifications. If sources contain different classifications of the 

variables, these should be converted to the standard classification. It is also possible 

to derive variables from variables from two or more different sources. The number 

of missing values in the original variables should be low. A high number of missing 

values in different variables in the original sources will lead to very high number of 

missing values in the derived variable, because each missing value in any of the 

sources will automatically lead to a missing value in the derived variable unless the 

missing values are replaced by imputation into a “real” value. 

In the next step you should correct for other measurement errors as is described in 

4.3.3. and check the overall consistency in the same way. The crux of this technique 

is to define the right edit rules. In the last step, and only if register and survey data 

are combined, consistent and repeated weighting could be applied.  

6. Some concluding remarks 

Micro-integration is a technique for clearing data from combined sources, in 

particular for registrations. However, there is also an opinion that the micro-

integration of registration data mask part of the measurement errors in the data while 

there is no guarantee that the data quality improves substantially (Van der Velden, 

2003). An alternative way to correct at least partly for measurement error is to apply 

linear structural equation models with a measurement model part. In psychology this 

is a frequently applied methodology (e.g. Jöreskog & Sörbom, 1996; Kline, 2005). It 

is based on the classical test theory in which repetition of measurement or multiple 

indicator measurement is used to model the error structure of the data. This is a valid 

methodology for testing hypothesis with pathmodels, but is less applicable if one 

want to publish cross-tables. Because publishing cross-tables is the core business of 

national statistical institutes this is not a realistic alternative to micro-integration. 

However, it is a promissing method for research into the measurement errors of 

registration data (Kaptein & Ypma, 2007; Bakker, 2009b).  

Denk and Hackl (2003) emphasize that a previous analysis of differences between 

sources could prevent problems that may arise when linking and data-integration is 

actually executed. Ideally all the relevent information should be in the meta-

information of the sources, but in practice, this is normally not the case. One of the 

important reasons why registration data error is not known, is that registration 

keepers are not interested in the quality of part of the registration data or they have 

interest in preventing that those errors become known. Therefore effort should be 

put into research to the data quality of the different sources. The “life cycle of 

register based research” as is discussed in section 3 can be used to formulate a 

research plan. 

Consistent repeated weighting is a technique to get estimates from linked 

registration data (or census data) and sample surveys. Of course it is possible to use 

other techniques to produce those estimates. Haslett et al. (2010) describe three 

alternatives: small area estimation and in particular the ELL-method (Elbers, 
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Lanjouw and Lanjouw, 2003), mass imputation (Kovar & Whitridge, 1995; De 

Waal, 2000) and (spatial) microsimulation (O’Donoghue, 2001). These techniques 

have in common that they all produce a dataset which is rectangular without missing 

values created by substitution of missing information using an implicit or explicit 

statistical model. However, Haslett et al. (2010, p. 59) make clear that whatever 

technique is used: 

• There are major benefits in the use of an explicit rather than an implicit 

statistical model. 

• The structure of the underlying statistical model (e.g. linear or non-linear, with 

or without random effects) needs to be determined on strong theoretical grounds. 

• The model needs to be fitted and tested, and should explain a substantial part of 

the variation in most target variables. 

It is not in the scope of this paper to discuss these methods, how they are related to 

each other and which method should be used under which conditions. All techniques 

show strong structural similarities with statistical matching which is the subject of 

another State of the Art paper.  
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