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Summary: As most registers are constructed on the basis of some survey technique, errors in register-based statistics are quite similar to errors in survey-based statistics. The quality of register information depends greatly on the interest the register keeper has in the quality of the data for administrative purposes and on the quality checks executed. This paper describes the methodological issues involved, using the production of an educational attainment variable from different administrative data sources and surveys as an example.
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1.
Introduction

Register data are becoming increasingly popular in the production of official statistics. 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 register data has also revealed more and more quality issues. In this paper we posit that the various errors that may occur in surveys, which are well documented, are also applicable to registers. Most of the registers are constructed with the aid of some survey technique: face-to-face, paper and pencil, telephone or web-based. In addition to these errors, there are also specific errors when registers are used for the production of statistics, like administrative delay (an event is registered with a certain time lag) 
 and linking errors (if several registers are linked to produce statistics)
. In this paper we present an overview of errors that occur in register-based statistics. 

Statistics Netherlands produces more than half of its social statistics with the aid of registers. The creation of the Social Statistics Database (SSD) was an important step in this respect; this statistical system combines all register-based and some of the survey-based data available to Statistics Netherlands (Al & Bakker, 2000; Bakker, 2002). The SSD made it possible, for example, to produce the 2001 Census tables in only 18 months with a staff of 8, without any additional surveys (Schulte Nordholt, 2004, p. 9, Schulte Nordholt & Linder, 2007, p.165). Methodologies such as micro-integration and consistent and repeated weighting have been developed to combine register and survey data. 

The quality issues mentioned above will be illustrated with a concrete example. One important variable in social statistics is educational attainment. Education is a means to bring about significant changes in society. If a society encounters problems, policymakers often point to education as an important factor in the solution. This is quite obvious, as educational attainment is one of the best predictors of behaviour and quality of life. Therefore, the variable is indispensable in a system of registers used to produce statistics, like the SSD. No register for this variable is available in the Netherlands that covers the whole population, as educational registers have only recently been developed for the first time. The last time a traditional census – which also includes information about educational attainment – was held in the Netherlands was in 1971. These data are not useful for current statistics production, because the respondents can no longer be identified. By combining all information from current registers and surveys we can determine the educational attainment of approximately 25 percent of the population. In this process, we identify quality problems, use micro-integration techniques to adjust for some of the larger measurement errors, and design weighting schemes to adjust for representation errors. The purpose of this exercise is to determine the educational attainment of as many people as possible, so that it can be used as a background variable for all kinds of research, and – if the results are sufficiently reliable – for the estimation of the educational attainment in small areas and small subgroups.

This paper contains the following sections. In section 2 we present an inventory of possible errors in register-based statistics. Section 3 examines the various available sources for the determination of educational attainment. We come across a number of errors described in the preceding section. In section 4 we describe how these sources are used to build an archive with relevant information, and how the information on the quality of the sources is used to design the micro-integration process of the sources. Section 5 compares the information on educational attainment in the SSD with traditional estimates derived from the Labour Force Survey (LFS). We round off the paper with some concluding remarks.
2.
Register data quality 

2.1
Errors in registers and surveys

Possible errors in traditional survey processes are very well documented (e.g. Groves et al., 2004; Belson, 1986; Sikkel, 1988). Despite the increasing use of administrative data, however, literature on register data quality is rare, even though it is evident that registers also have their quality problems (Grünewald & Körner, 2005, pp. 752-753). Only some recent literature from the Nordic countries has partly filled this gap (e.g. Statistics Finland, 2004; Wallgren & Wallgren, 2007, pp. 173-192). This paper does not claim to present a complete overview of possible errors. But - based on the general idea that it is likely that the errors that normally emerge in surveys will also occur in administrative registers, as most of the administrative data are collected with the aid of a survey technique (e.g. face-to-face, paper and pencil, telephone or web-based) - it should be possible to identify the most important errors. Of course it should be noted that all kinds of checks by the register keeper in the administrative process can correct for errors in the preceding interview. Variables that are important for the register keeper are expected to be of high quality. Variables that are less relevant for the register keeper may be of lower quality. 

Groves et al. (2004) published one of the leading publications on errors in survey research. They describe ‘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. 
Figure 1. 

De ‘life cycle’ of and errors in a survey (Grooves et al., 2004)
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Figure 1 can easily be adapted to the most common life cycle of a registration. It is possible to distinguish between one register used on its own, and several registers used in combination with each other. As we have limited space in this paper, we present only a figure for combined register use. The columns “Measurement” and “Representation” errors refer to all the sources used to produce a statistical outcome. The next two paragraphs elaborate on these errors. 
Figure 2. 

The ‘life cycle’ and errors in a combined register situation
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2.2
Measurement errors

2.2.1
The validity of the administrative concept
In both traditional surveys and administrative “surveys” (i.e. registers) it is difficult to measure the concepts to be measured and recorded. As long as the concepts are easy to understand for both respondents and interviewers/register keepers, no significant problems occur. But once the concept becomes more difficult to understand, say “household income before taxes”, problems begin. As long as the concept is close to observational behaviour, validity should be sufficient. In principle, there is no difference between the problems encountered in scientific and in administrative surveys. 

2.2.2
Measurement errors
Measurement is more concrete than a concept: it is a way to collect information about the concept. The critical task for measurement is to design questions that perfectly measure the concepts. Only meticulous questioning can prevent bias in the answers. Questions can be communicated face-to-face, by telephone, on paper or electronically in a web-survey. Many measurement errors are encountered in scientific surveys, caused for example by misinterpretation of the questions, false memory (recollection and telescoping), interviewer effects, and deliberate misreporting. All these errors may also occur in administrative surveys, even though register keepers may demand to see documents (e.g. pay-slips) to prevent possible errors. Such checks are mostly absent in scientific surveys. 

One measurement error is unique to administrative surveys. When using registers 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. Registers 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 underestimation 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 register outcomes. More research is necessary to determine the extent of error caused by measurement error in administrative surveys.
2.2.3
Processing errors
Processing errors may occur in three steps in the production process of statistical outcomes.First, administrative data are processed by the register keeper, once they have been reported, in order to detect irregularities. In most cases, processing errors will be quite small, as most of the checks are carried out during the reporting/recording. Any remaining irregularities are mostly corrected in the register in consultation with the reporting instance or person concerned. In some cases the recorded data are audited by accountants, tax officials or other inspectors. As mentioned above, these checks are more intensive for variables that are important for the purpose of the register keeper. Therefore, we may assume that the quality of these data is better than that of variables that are considered less important.  
The second step is the correction of errors at the statistical office by applying decision rules. Inconsistencies in the data are an indication of possible errors. The lack of consistency between the various sources prompted the idea of micro-integration
. If different sources contain information on the same variable, checks can be done to see whether the data are consistent, and if necessary and possible, they can be corrected. Another micro-integration method is to tag answers that fall outside acceptable limits. This can be done very simply by setting range limits for a variable, but also by more complex methods based on relations between two or more variables, and even on outlier research in regression analysis. For all the tagged outliers, a decision rule is determined to correct the data. This data editing results in consistent statistical information for the processed variables and makes macro-integration at a later stage far easier, as many inconsistencies have already been removed. For missing data for smaller fractions of the total population, imputation can be used to achieve completeness (Bakker, 2002). 

The third step is the derivation of statistical variables from administrative variables. 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. This is also included under the term processing error.

The process of micro-integration is carried out by executing a set of decision rules. Of course, errors cannot always be avoided in this process. It is possible, for example, that a decision rule applied to 100 persons will transpose incorrect and correct fields the right way around for 90 persons, but the wrong way around for 10 persons. Although this is inevitable, on balance the quality of the information will increase.

2.3
Representation errors

2.3.1
Coverage errors

In the preparation of a survey, the first step is defining the target population. The target population of administrative registrations may differ from the required target population for research purposes. This may result in representation errors. Under-coverage will result if the target population of the register 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 register does not include the ‘illegal’ population even though it is part of the target population. This results in under-coverage of the target population. Over-coverage is also possible: as a consequence of administrative delay in the population register, some emigrants are still (wrongly) included in the population register.
Figure 3. 

Coverage error
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2.3.2
Linking errors

Administrative records from different registers should be combined by linking. In most case the linking key is a personal identification number (PIN), or - if such a number is absent in the register - 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. Mislinks 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 a certain unreliability, the correlation is usually underestimated. 
2.3.3
Correction errors
The coverage errors mentioned above should be repaired during the correction stage at the statistical agency. The statistical target population should be operationalised by using several registers covering different populations, taking into account that these register populations themselves are also under or over-covered. Linking records from different sources should provide a check on the completeness of the registers. However, it is not always possible to be certain of the set of elements that should be covered if there is no register of excellent quality without any coverage problems. 
If there is such a register and other registers are not complete or cannot be linked completely, it is possible to reweight the combined register information. Of course this may lead to new errors if the weighting model is not correct or if the register used to determine the weights is not as complete as expected.

2.4
Handling measurement and representation errors in practice

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. The starting point of micro-integration is twofold: the inconsistencies in the data and the knowledge of the errors in the sources. 

In practice, it is difficult to measure all the errors, as a substantial number of them occur in the offices of the register keepers. As they are not always concerned about diminished quality, particularly if the information is less relevant for the purpose of the registration, it is difficult to document the errors. It is also difficult to implement systems to measure errors in the processes at the statistical bureaus. It is not easy to find suitable indicators, and even if they can be developed, operationalising and implementing them may require large investments. Nevertheless, it is always possible to start research projects by examining the quality of the sources to be combined. In the following section we discuss the quality of the sources used for the variable educational attainment. 
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Table 1. The registers and their quality
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3.
Sources for the measurement of educational attainment and their quality problems
Table 1 presents an overview of the quality aspects of administrative sources, as assessed by experts at Statistics Netherlands. The remaining part of this section discusses the quality of the sources for our purpose. 

3.1 CRIHO

CRIHO stands for the Central Register for Enrolment in Higher Education. This source contains yearly information on students in higher education in the Netherlands from study year 1985/’86. For each student, information on the level and field of study are available, and the start and end date of each course can be derived. The CRIHO also contains information on the preliminary level of education required to be admitted to higher education. The CRIHO also contains information on the preliminary level of education required to be admitted to higher education: for 1.2  million persons a preliminary higher education level is recorded, for 2.0 million persons preliminary secondary education level is registered. 

There are only a few small measurement errors in the register. Because the CRIHO is used for financing purposes (among other things), the register is audited by accountants. Both the register keeper and accountants who check the data concentrate on variables we use in the archive. In addition, the processes to correct for errors are designed by the Ministry of Education, Culture and Science in cooperation with experts from Statistics Netherlands and the register keeper. We may assume that the information in the CRIHO is accurate. One exception is the information about level of education required to be admitted, as this does not play a role in the financing of educational institutions. 

There are three important errors in the representation the statistical target population: the register covers only higher education in the Netherlands that is publicly financed. Moreover, only courses done from 1985 are covered. Courses taken at private colleges and universities, institutions abroad and those completed before 1985 should be estimated with the use of surveys, e.g. the Labour Force Survey. 

3.2 ERR

ERR stands for Register of Exam Results. The ERR includes all pupils sitting final exams in secondary general education from 1998/’99 onwards. Among other things, it comprises the level of education and the exam results of approximately 1.3 million persons. 

The purpose of this register is to record the exam results of pupils in secondary general education. This is clearly operationalised and measured quite well. The information is processed by only one organisation: the Ministry of Education, Culture and Science. The quality of the register information is of no great interest to the Ministry as no financing depends on it. Therefore, we can assume that the data contain some measurement and processing errors. At Statistics Netherlands we can easily derive the required statistical information from the administrative information. 

The representation problems of the register target population are limited. Only a few schools do not provide the required information. In addition, exam results of privately financed schools for secondary general education and exams taken before 1999 are not covered by the ERR. 

3.3 Education Number Registers

One of the purposes of the Education Number Registers is to improve the transparency of public financing of education. The registers were set up step by step, starting with secondary general education from school year 2002/’03, (1.3 million pupils). This data set includes pupils in publicly financed secondary general education. Secondary vocational education was included from school year 2004/’05, (0.7 million pupils). Some forms of adult education are also available from this school year. 
In principle, the Education Number Registers are used for financial purposes. Therefore accountants audit some of the variables. Both the register keeper and accountants concentrate on the variables we use. Therefore, we assume that the variables are measured accurately. We also have few problems in deriving the required statistical variables from the administrative ones. 

There are several representation problems. The register target population is covered only partially in the year the register was introduced. For secondary vocational education, the register does not provide full coverage of the total target population even in its second year. Neither is the statistical target population completely covered. In addition, the registers cover only publicly financed education, are available for only a few years, and do not cover courses outside the Netherlands. 

3.4 CWI Register

The CWI is the Centre for Work and Income, as the public employment service is now called. New clients are asked questions on education and courses they have done. Information used to be collected in face-to-face interviews, but now most clients complete a web-form. The information on the level of educational attainment is supplied to Statistics Netherlands. We make use of the information from 1990 to 2006. More than 5 million people who have completed at least one level of education are registered in this source. 

The measurement of the variable educational attainment is of dubious quality. The register target variable is the educational level attained by the client that is considered useful for the labour market. Although the purpose of the variable is made clear in a protocol, the execution of this protocol leaves much to be desired. Experts report that the design of the e-questionnaire is flawed. Moreover, interviews with employment officers and CWI managers revealed that employment officers are free to adjust the information as they see fit. The transposition of the register variable to the statistical variable (the ‘true’ highest education level attained) is very difficult. The ‘adjustments’ made by employment officers, because of the usefulness of certain qualifications for the labour market, are not documented. Furthermore, these ‘adjustments’ strongly depend on the labour market situation at the time. A study linking CWI information to Labour Force Survey data shows that only 67 percent of the CWI clients have a corresponding educational level (Arts, 2000).

The CWI register contains information on a considerable number of people and is therefore a good candidate for the measurement of the educational level of the Dutch population. However, in addition to the above-mentioned measurement problems, the coverage is restricted to persons who have sought a job through the CWI since 1990. In addition, benefit claimants are required to register with the CWI. The linking error is acceptable, but higher than in the above-mentioned registers. 

3.5 WSF Register

The WSF is 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. This information refers mostly to students in higher education, but information on students in secondary vocational education is also available. The number of students registered at least once is 2.1 million. 

The measurement of the administrative concept is reliable. The only thing needed for administrative purposes is to distinguish between university, higher vocational and secondary vocational education. As the register contains no further information on the stage of the study (bachelor, master, etc.) and the certificates acquired, it is of limited use for our purpose. 

The register target population is well covered. All students who received a study grant are registered, although only from 1995 onwards. Of course this is only a very small part of the statistical target population. It covers mainly students in higher education and a few in secondary vocational education, and only those who received a study grant. The linking errors are acceptable, but higher than in the above- mentioned registers except the CWI.

3.6 LFS

The Labour Force Survey is a sample survey whose target population is the population aged 15 years and older in the Netherlands, with the exception of people living in institutional households. The sample size is just under 1 percent of the population. School careers are reconstructed using the calendar method. A total of six training programmes can be registered, all according to the Standard Educational Classification 2003 (SOI-2003) or 2006 (SOI-2006). Among other things, the first and final years are registered. We make use of the LFS of 1996-2006. For more than 1.0 million persons at least one completed level of education is registered.

The quality of the measurement of the educational data in the LFS differs. In some years, the quality is reasonable (1996-2003). However, in 2004-2007 in particular foreign educational programmes are measured using a less elaborated questionnaire than desirable. This results in an overestimation of the level of education of these programmes. In all LFS years the measurement of the start and end dates of the programmes are not measured accurately. 
Non-response is high in the LFS (De Leeuw & De Heer, 2002). In 1996, the response was around 58 percent, and this response is selective, too. Response rates fluctuated somewhat in the subsequent ten years, but never again reached the levels of the early 1970s (88 percent).  

4.
The process of micro-integration
4.1
Linking the sources and building an archive

In the first step all the sources mentioned in the previous section are linked. All these sources contain information on personal educational careers. After linking the records, we store the information in an electronic archive. The unit in this archive is the combination of one person and one training programme. The following information is stored in the archive:

· The identification code of the person
.

· The information on the training programme. We copy the information from the source, as we want to use it for a long period of time and it must still be useful in, say, 2030 or 2040. Because we do not yet know which classification will be used then, it must remain possible to derive any classification from the most basic information. 

· The certificate obtained, if any.

· The starting and end date of the training programme. In some of the sources this information is available; in others it has to be derived. 

The educational information registered in the archive stems from different sources, covering different populations, using different methods to measure the training programmes – which lead to different levels of detail in particular - and differing quality. In order to derive reliable statistical outcomes on educational attainment, we have to combine all the information in such a way that a reasonably valid variable on educational attainment is created. This implies that we have to perform further micro-integration in a number of steps.
4.2
Harmonisation
In the next step, the information from the different sources is harmonised. The operational concept to be measured is defined as:

‘the highest certificate attained on or before the reference date of 30 September 2005’

This variable has the following categories: 

1. Not higher than primary education

2. Secondary education, first stage

3. Secondary education, second stage

4. Higher education, first stage

5. Higher education, second stage

The information on the training programmes has to be harmonised to these categories. Each source makes use of different code schemes. In order to harmonise the information, we developed a separate decision table for each source. To determine the highest certificate, we make use of the information on the certification of each training programme. This is not a single track operation, as training programmes in higher education, for example, have several certificates corresponding to different educational levels.

To be sure that the information is valid for the reference date, the date of certification should be known. For CRIHO, ERR and the Education Number Registers this is recorded in the source. In the LFS, only the year of certification is known. In the CWI, the information is unknown. 
4.3
Correction for measurement errors

We have all the registered training programmes at our disposal. On the one hand, part of this information is out of date. For instance, is the educational information of someone aged 18 recorded as having ‘secondary general education, first stage’ in 1996 still valid in 2005? And if someone is registered in 1996 with the same educational level at the age of 35, will he or she still have the same level of education at an older age? On the other hand, some of the information is so brand new that it is impossible for a higher level of education to have been attained in the meantime. Therefore, the general question is whether the information registered on educational attainment is still valid on the reference date. We answer this question empirically with the use of the LFS 1996-2005:

· We declare an observation valid, if the time interval between the date of the latest certificate and last moment of observation before the reference date is so large, that probability is less than 5 percent that a higher level has been attained on the reference date. 
· We declare an observation valid, if the time interval between the date of the latest certificate and the reference date is so short that the probability is less than 5 percent that a higher level has been attained in the meantime.
These lower and upper limits of the time interval were empirically determined with the use of Survival Analysis. 

Non-stochastic decision rules can also be used to determine whether the educational attainment on the reference date is still valid. Two examples. First, as we use an integrated register of higher education that contains information on all students since 1986, we can define the following decision rule: the scores of each person who finished ‘secondary education, second stage’ after 1986 are valid. Should this person have finished a programme at university or higher professional college after 1986, we would notice that in the CRIHO register. Another decision rule: if a person is registered with a certificate of ‘higher education, second stage’ this will be valid forever, as we do not distinguish a higher level of education.
4.4
Derivation of the educational level on 30 September 2005
For the derivation of the educational attainment variable, we make use of the knowledge we have on the quality of the sources. For example, as we know that in the CWI register the administrative variable does not measure the statistical variable we need, it is not used to determine the educational attainment for each person. However, we do use it for weighting purposes (see 4.5). Moreover, we know that the information from the WSF register is not detailed enough for our purposes. The Labour Force Survey has some quality problems in measuring the educational attainment. So compared with the sources mentioned above, the CRIHO, ERR and Education Number Registers have the best quality, LFS is second best and WSF can be used only if nothing else is available. 
We now have all the ingredients to derive the educational level:

· The training programmes followed before the reference date.
· The certificates attained before the reference date.

· The validity on the reference date.

· The relative quality of the information from the various sources. If the highest level of education is from a register other than WSF, this record is preferred to an LFS record of the same person. 
Not all training programmes followed are completed successfully. Nevertheless, information on education people undertake without qualifying at the end of the programme still provides information on their educational level. Enrolment in a training programme of a certain level requires successful completion of a lower level programme. Therefore, we downgrade the non-completed training programmes to the level of education required to enrol in these training programmes. 
The final derivation rule is the simplest. All persons younger than 14 are assumed to have the lowest level of educational attainment, unless sources indicate that they have successfully completed a form of secondary education.

4.5
Population differences: determining weights

At the end of the process a microdataset will result containing the highest level of educational attainment for all registered persons in the Netherlands on 30 September 2005 (the reference date). The educational attainment is known for a (large) part of the population: 6,527,625 persons (= 40 percent). In order to make statements about the highest level of education for the whole population, a (survey) weight should be assigned to each record in the sample. This section describes how these weights are determined.

As we know, educational attainment for the records in the microdataset originate from a number of sources. Most of these sources can be considered as a register for some specific subpopulation. The subpopulation under consideration is completely  described by the register, and the weights for all records in this subpopulation should therefore be equal to 1. For example, the source CRIHO describes the subpopulation of all persons registered in some form of higher education since 1986. The educational attainment is known completely for this subpopulation, and therefore all records for which the educational attainment is derived from this source should be assigned a weight equal to 1. This can be generalised to other sources as well, and this leads to over 5.9 million records (= 36 percent of the population) with a weight equal to 1. They consist of:
· All persons aged 14 years or younger. For this group, the level of educational attainment is said to be equal to the lowest level (primary or lower) if no other information is available. Thus the level of education is ‘known’ for the whole group.

· All persons older than 14 years, for whom the educational attainment is known from one of the following sources: CRIHO, preliminary training programme CRIHO, ERR, Education Number Registers or WSF register.

The rest population consists of 10,477,700 persons: for all these people no valid educational attainment level is registered in one of our registers. The educational attainment is known for a sample of 674,700 (= 6.4 percent) of these records, based on the LFS. When the sample is considered more closely, it can be seen that it is in fact the union of 11 disjoint (sub)samples, where each sub-sample corresponds to a different year of the LFS (1996, …., 2006). Each record in the sample is provided with a final survey weight determined in the LFS. These weights are now further to be adjusted in order to make valid estimations for the rest population. This adjustment takes place in two steps.

First the weights are scaled for each sub-sample (corresponding to one year of the LFS) separately. This is done in such a way that the average contribution to the complete sample is equal for each year of the LFS. Note that each year the sub-sample contains only those records of the LFS corresponding to the rest population. Even within the rest population, LFS records may get lost because the information is dated or overruled by another source that is considered more reliable. Therefore reweighting is necessary. 

In the next step, the scaled weights are calibrated using a regression estimator. In this case a combination of sex and age in 5-year classes, marital state, country of origin (distinguishing between first and second generation), region and socio-economic category and income are used as auxiliary variables. The CWI register does not measure the statistical variable educational attainment accurately it was not used to determine the statistical variable. However, there is a strong correlation between the statistical and the registered variable and therefore it was used in the weighting model as this may reduce the variance of the (sub)population estimates considerably.  

Once the weights for the sample in the rest population are determined, the whole sample can be weighted, and thus estimates for the level of educational attainment in the Netherlands can be made.

5.
Plausibility of the results

In table 2 we compare the results for educational attainment derived from the combined registers and surveys (the archive) with the results from the LFS for the population aged 15 years and older, both after weighting. The results from the archive are surprisingly good, if we take the selectivity of the sources into account. Deviations from the LFS figures were expected because of the known biases in the LFS: because of measurement problems and selective non-response the number of higher educated people is overestimated in the LFS. This seems to be corrected in the educational attainment variable from the educational attainment archive.
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Of course, the proof of the pudding is in the eating. As we designed the educational attainment variable from the archive to apply it in research on small groups in society, we applied it in a study of persons aged 18-30 years with a Turkish and Moroccan background. This led to some unexpected outcomes: the results fluctuate considerably between the different years. This is probably caused by the fact that if there are two records of the same educational level for one person, one from a register and one from the LFS, the record from the register is preferred for the estimation. For subpopulations with good register coverage, only a few records from the LFS remain. Moreover, the persons who thus remain in the LFS only are a specific and rare subgroup, underrepresented in the LFS, and have therefore high weights. 
We do not yet have a solution for this serious problem, and are still researching it. One suggestion is that should this problem occur, we should only use the LFS data. This would seem to go against our instincts, however: the more register data that are available for the subgroup, the less use we make of them.
6.
Concluding remarks

As most registers are constructed on the basis of some survey technique, errors in register-based statistics are quite similar to errors in survey-based statistics. The quality of register information depends greatly on the interest the register keeper has in the quality of the data for administrative purposes and on the quality checks executed. Moreover, processes have been developed which use all sorts of sources (registers and surveys) to correct errors that occur in the administrative registers. However, this also introduces new errors. Based on the actual case of the production of educational attainment from different administrative data sources and surveys, we describe the methodological issues involved in these processes.

The inclusion of educational attainment in a system of registers that is used to produce statistics, like Statistics Netherlands’ Social Statistics Database (SSD), is essential. Unfortunately, in the Netherlands no integrated register of educational qualifications is available. Educational careers and qualifications are registered only for specific subpopulations such as jobseekers, and recent school-leavers from different types of education. In this paper we present a method to operationalise educational attainment in the SSD by combining the information from five different registers and surveys. The goal is to determine the educational attainment of as many persons as possible, that can be used to derive a background variable for all kinds of research, and - if validity is reasonable - to estimate educational attainment in small domains.

The process for producing this single variable is very complex. The validation process is based on individual arbitrary assumptions. It is difficult to oversee the consequences of all the decision rules we use. Nevertheless, the combination of data from different registers and surveys is a promising way to substitute for the lack of integrated data. We demonstrate that the outcome for the complete population is more valid than the outcome from the LFS. However, the validation of the results requires more attention, in particular for specific subpopulations. More methodological research should be done to examine how to treat subpopulations which are largely covered by register information, while the rest (non-register) population has high weights.
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� These errors are absent in situations in which one single survey is used to produce the statistics. Of course in a survey information on educational attainment is collected with a certain time lag, but the information is available before the publication date. That is not always the case with registrations. 


� If a survey is linked to registers or to other surveys, linking problems also occur.


� Micro-integration includes also the processes to repair representation errors as are described in paragraph 2.3


� For security reasons this is a unique random number (Al & Altena, 2000, p. 49)
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		Table 2

		Educational attainment from the educational attainment archive and the LFS, 2005

						Archive		LFS

						%

		Educational attainment

		Primary education				12.3		11.2

		Sec educ, first stage				26.4		26.3

		Sec educ, second stage				40.8		38.5

		Higher educ, first stage				13.6		14.7

		Higher educ, second stage				6.8		8.6

		Unknown				0.0		0.6

		Total				100.0		100.0
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Table1

		Table 1. The registers and their quality

						Source

						CRIHO		ERR		Education Registers		WSF		CWI

		Measurement		Object

		Validity		register variable		good		good		good		good		reasonable

		Measurement error		register variable		nil		nil		nil		nil		many

		Processing error		register variable		nil		few		nil		few		few

				statistical variable		nil		nil		nil		many		many

		Representation

		Coverage error		register target population		nil		a few schools are missing		from second year alright, improvements still possible		nil		nil

				statistical target population		only public higher education in the Netherlands from 1986		only (large part of) public secondary general education from 1999		only (large part of) secondary education from 2003		only higher education in the Netherlands from 1995		only a large part of jobseekers from 1990

		Linking error		statistical target population		nil		nil		nil		few		few

		Correction error		statistical target population		nil		nil		nil		nil		nil
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		Table 2

		Educational attainment from the educational attainment archive and the LFS, 2005

						Archive		LFS

						%

		Educational attainment

		Primary education				12.3		11.2

		Sec educ, first stage				26.4		26.3

		Sec educ, second stage				40.8		38.5

		Higher educ, first stage				13.6		14.7

		Higher educ, second stage				6.8		8.6

		Unknown				0.0		0.6

		Total				100.0		100.0
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