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Summary

Since the last Census based on a complete enuameveds held in 1971, the willingness of

the population in the Netherlands to participats kdacreased tremendously. Statistics
Netherlands found an alternative in a Virtual Cendoy using available registers and
surveys as alternative data sources. Advantagas\bftual Census are that it is cheaper
and more socially acceptable. The combined usegi$ters and surveys for composing the
Census however also leads to several methodologiballenges. One of them is

determining the effect of the quality of the sostc&or registers, for instance, the

collection and maintenance is beyond the contrahefStatistical Agency. It is therefore

important that the Statistical Agency is able ttedmine the quality of the sources used.
Insight into the quality of the sources used ermhblevell thought-out comparison between
comparable information in various sources.

Independently from the research on improving theéudl Census, Statistics Netherlands is
busily involved in developing systematic methods determining the quality of registers.
For this purpose a quality framework has been ageal. The framework consists of three
high level views on the quality of administrativata: the Source view, the Metadata view,
and the Data view. To evaluate the first two viénva systematic way a checklist has been
developed which has already been successfully et several data sources. Current
research focuses on developing a systematic wagviduating data quality.

In this contribution we explore the possibilitiesr fusing the insights obtained in the
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research on the quality of registers to improvesiees made in the Virtual Census about
which sources should be used for deriving or estigawhich variables. This is also
beneficial for the research on quality as it carntdsted whether the approach developed is
also applicable to censuses.

Introduction

1. All European Union (EU) countries will conductGensus in 2011. The way this
Census will be conducted is up to the countrieshénNetherlands virtual censuses are held
ever since the last traditional Census in 1971s Tieans that census forms no longer exist
and that the relevant information is provided byadm already existing registers and
surveys (Schulte Nordholt, 2004). In this way thgial Censuses of 1981, 1991, and 2001
were conducted. The Censuses of 1981 and 1991 afeselimited character. The data
compiled on 1981 and 1991 were much less detallad the set of tables of the 2001
Census. In 2001 Statistics Netherlands publisheduseinformation on the municipal level.
For the 2011 Census even more registers and suwilyse combined. The Population
Register forms the backbone for the integratiorivitigts that will eventually result in
coherent and detailed demographic and socio-ecanetatistical information on persons
and households.

2. A generic problem in using administrative regjistfor statistical purposes is that the
data in these sources are collected and maintéipedher organizations for non-statistical
purposes. The process is beyond the control ois8tat Netherlands. This not only makes
Statistics Netherlands highly dependent, it may afect the quality of the output of
Statistics Netherlands. As Statistics Netherlasd=pected to use more and more registers
in the future in order to lower the administrativerden, a quality framework has been
developed that enables the determination of théitgud externally collected data sources,
such as registers, prior to use (Daas et al., 2008y framework was used to study the
input quality of the most important registers usethe Virtual Census 2011. The results of
these studies are the topic of this paper. In tilewing section the data sources and
variables of the 2011 Census in the Netherlandsidered in this paper are introduced. In
section 3 the quality framework is described in endetail. Next the results of applying the
framework are discussed. Finally, some conclusasagrawn in section 5.

Data sources and variables

3. The Population Register (PR) is the backborthe@fCensus. Information from other
registers and surveys is added to eventually deth2011 Census variables. It is important
to realize that registers change over time andaas dheir quality. For example, the new
Housing Register (HR) was not yet available for2001 Census but is going to be used in
the 2011 Census. It is to be expected that patieofnformation in the new HR is able to
replace information that -in the 2001 Census pteje@s provided by two other data
sources; viz. the old Housing Register and the Suon Housing Conditions (SHC). In
addition, the fiscal and social security regisiarthe Netherlands have also changed since
the 2001 Census. These data sources have mergeulbbd used instead of the formerly
used Survey on Employment and Earnings (SEE). #uishope that this new combined
register, together with the Unemployment Benefigier (UR) and the Social Security
Register (SR), can be used to derive most categjofithe variable current activity status.
In addition to register information, some inforneatiprovided by the Labour Force Survey
(LFS) remains essential for the 2011 Census.
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4, The decisions about which data sources aretogagebduce the different variables in
the 2011 Census are predominantly based on theityqu#l the sources containing

information about the variables. In this paper ebar of registers will be compared for a
limited set of three variables. These are: highestl of educational attainment, current
activity status, and housing information.

5. The highest level of educational attainment is an important variable. Information

regarding this variable can be found in the LFSvéMtheless, the Dutch LFS contains only
a small fraction (approximately 1 %) of the popiudataged 15-64 per calendar year.
Information about many more people can be foundth@ Education Register (ER).

However, the information in the Dutch ER is lesgem than in the LFS. Ideally,

information from both sources is combined. For @@sus, information from one of these
sources might be enough to produce reliable camgisables.

6. Current activity status is in fact a variable that includes many differeategories as
e.g. employed, unemployed and homemakers. Infoomatbout employed people comes
from register information. Information about uneoyhent according to the International
Labour Organization (ILO) definition can be obtainen the basis of LFS survey data.
Another option is to derive unemployment from régjisnformation containing benefits:
viz. the UR and the SR. The information in theggsters is integral but does not have the
exact definition of unemployment needed for the stisn The research question here is
what information is best for the 2011 Census: sampformation from the LFS with the
correct definition or integral information from iieters with an approximation of the
official definition?

7. Housing information can be obtained from the new HR. As stated beftivis,
register has not been used for earlier censusdsaflvantage of this register is that it lacks
some information. Since some of the variables éHIR are also available in other sources
(e.g. in the land register), the question is whitithe sources should be used to derive
specific Census variables.

8. The brief overview given above clearly revedlattthe sources ER, UR, SR, HR,
and PR all provide useful information for derivinge of the variables under concern. In
this paper the current state and quality of therimfation about level of education, current
activity status, and housing available in the regss(and in the LFS) will be studied using
the quality framework for registers.

Quiality framework

9. The quality framework for registers was devetbpe standardize the determination
of the various quality components of administratiegisters (Daas et al., 2009). The
quality framework consists of three high level viewn quality. These three high level
views give a complete overview of the quality compuats (Daas et al., 2010). These views
are referred to as hyper dimensions (Karr et D62 and are called: Source, Metadata, and
Data. Each hyper dimension is composed of sevamakrkions of quality and each
dimension contains a number of quality indicatoksquality indicator is measured or
estimated by one or more methods which can be tgtia# or quantitative (Daas et al.,
20009).

10. A statistical office that plans to use an adshiative register should start by
exploring the quality of the information that eredbthe use of the data source on a regular
basis. These components of quality are locateldarSburce hyper dimension of the quality
framework.
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11. The second hyper dimension in the framework, Metadata hyper dimension,

focuses on the conceptual and process relatedtyjgalinponents of the metadata of the
source. Prior to use, it is essential that a skeaisoffice fully understands the metadata
related quality components because any misundelisgmighly affects the quality of the

output based on the data in the source.

12. For the evaluation of the quality indicatorsthee Source and Metadata hyper
dimension a checklist has been developed. It isidted in the paper of Daas et al. (2009).
The checklist guides the user through the measuremethods for each of the quality
indicators in both hyper dimensions. By answerihg fjuestions in the checklist, the
‘value’ of every method for each indicator, rangfingm good to poor, is stated. Evaluation
of the Metadata-part requires that the user haarticplar use in mind, which is the 2011
Census in our case. The next step is the deteriminat the quality of the data.

13. Indicators for the evaluation of the qualitytbé data in a register are part of the
Data hyper dimension. The focus of the indicatersn quality of the data in the registers
used as input in the statistical process. The tyudiimensions identified for data are
Technical checks, Accuracy, Completeness, Timdeéladimension and Integrability

(Daas et al., 2011).

Quiality evaluation results

14. The checklist referring to the Source and Matadhyper dimension has been
applied to the aforementioned registers. Next &b ¢hfirst step has been made in applying
the indicators corresponding to the Data hyper dsimn. In this section first the evaluation
results of applying the checklist to the variougjisters are discussed. Next some
preliminary findings of the quality evaluation redag the Data hyper dimension are
presented. The focus of this study wlaeslevel of education, the current activity status, and
housing information available in the registers.

Source and Metadata: application of checklist

15. The checklist was applied to the ER, UR, SR, &Rl PR registers. The evaluation
results obtained for the Source and Metadata hgipeensions are shown in tables 1 and 2,
respectively.

Table 1: Evaluation results for the Source hyper dnension

Dimensions Data sources
ER UR SR HR PR
1. Supplier + o] o] + +
2. Relevance o] + + 0 +
3. Privacy and security + + + + +
4. Delivery - + + + +
5. Procedures o] o] 0 + +

Table 2: Evaluation results for the Metadata hyperdimension

Dimensions Data sources

ER UR SR HR PR
1. Clarity + + + + +
2. Comparability - 0 0 + +
3. Unique keys + + + 0 +
4. Data treatment  + + + + +
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15. In both tables evaluation scores are indicas¢dthe dimension level. The
dimensional scores were obtained by selecting tbst mommonly observed score for
every measurement method in each dimension. Thédgnfor the scores used are: good
(+), reasonable (0), poor (-) and unclear (?);rmtadiary scores are created by combining
symbols with a slash (/) as a separator.

16. The results in table 1 reveal that on a dinmradilevel, the overall scores for the
majority of the data sources are quite good in &aufhe ER is an exception, here a poor
score is observed falelivery. This is the result of the low frequency of detiw¢not more
often than once a year). The ER also has only soredle (o) score faelevance because
this source does not satisfy all information densafat the Census. This register suffers
severely from selective undercoverage (see nextestion). The UR and SR score only
reasonable fowsupplier and procedures because of the sometimes problematic unclear
purpose for the data provider and the high depenydesk of Statistics Netherlands. The
HR has a reasonable score ffievance because this source does not satisfy all infoomati
demands; it is missing some variables (e.g. whetheidwelling is owned or rented). The
PR only has good scores.

17.  The results in table 2 reveal that on a dinwradilevel, the overall scores for the
data sources are also quite good for most dimessiothe Metadata hyper dimension. The
clarity anddata treatment dimensions show only good results. Again the ERéonly
data source with a poor score. This data sourceesqmwor orcomparability because the
time period variables cannot be transformed edsilthe time points used by Statistics
Netherlands. The HR only has a reasonable scorenfque keys because of the difficult
comparability of the unique keys used in this seuithis considerably hinders combining
this data source with the other sources of infolmnatThe UR and SR have reasonable
scores forcomparability because of time differences in the reporting pkxioPositive
exception to all of this is again the PR which omis good scores.

18.  Overall the evaluation results for the fiveadsdurces reveal that attention should be
paid to thesupplier, relevance, procedures, andcomparability related quality aspects. The
results for the PR demonstrate that it is posgibleave every quality aspect in the Source
and Metadata hyper dimension under control. Forother data sources it can be argued
that the results suggest that one or more of tlaitguaspects in both hyper dimensions
require attention. It was concluded that not mangblems were found for using the
registers in the Census 2011.

Data: first evaluation results

19. In this section preliminary results of applyitige indicators referring to the data
hyper dimension are discussed. In the availablesgatraw data were already pre-processed
to a limited extent and linked to the PR. All datathermore referred to the same date: 1
January 2008. This implies that the indicators rrefg to the dimensionsTechnical
checks, Time-related, and Integrability are not considered in this paper. The analysis
therefore rather focuses on tiempleteness and theAccuracy dimension.

1. Completeness dimension

20. The analysis on completeness will concentrate tlee variables:educational
attainment (derived from the ER), ancurrent economic activity status (derived from the
UR, SR, and LFS). The housing variables will becaweilable at a later stage and are
therefore not discussed further in this paper.

21. To get a first impression of the leveluidercoverage of the information available
regarding these variables we assume that the papuleonsists of all persons in the PR.
As the data used contains a row for every perséinaiPR, we consider for how many rows
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Number of persons

a value is missing. This can be misleading of aawken variables are studied that are
only applicable to a part of the population. Thaes however not apply to the variables
considered here as the categories of these vasiabdesuch that every person belongs to a
category. Table 3 provides an overview of the nundbenissing values for both variables
studied.

Table 3: Overview of missing values

Variable Number of missings Percentage missing (%)
Educational attainment 9,238,212 56.3
Current activity status 2,140,266 13.0

22.  The undercoverage regarding the varigbleent activity status is not surprising as
for three categories of this variable (i.e. unerypth homemakers and others) only
information from the LFS (based on samples) is gmesn our data. More serious
undercoverage exists for the variabdieicational attainment. This is also not unexpected as
the registers used for deriving this variable contaainly information about young people.
This knowledge suggests that the undercoveragerisusly selective regarding age. The
selectivity of the information available regardiraglucational attainment is further
examined in figure 1. The blue bars in the histotgaefer to the part of the population
having a known value for the varial@ducational attainment. The green bars refer to the
population as a whole. In the histogram on the fefbple are grouped into age groups (5
year classes), while the histogram on the rightigsopeople based on the variable “Place
of usual residence” (provinces).

23. The figure clearly shows that the availableoinfation regardingeducational
attainment is seriously selective regarding age, i.e. muchremoformation is available
about the lower age groups. On the other handsttzaes of people living in the 12
provinces show a strong resemblance between théewdapulation and the part of the
population for which information aboetlucational attainment is available. This suggests
that the information is not selective regarding ptece where people live.

Figure 1: Educational attainment per age group revals undercoverage for some age
groups.
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24.  Another indicator regarding completeness isumddncy, i.e. the presence of
multiple registrations of objects. To investigatehether or not data suffered from
redundancy, we searched for rows in our datasettwkhowed equal values for all
variables (including educational attainment andrentr activity status) except for
person_id. There turned out to be 67,644 “dupl&ate our test data, corresponding to
0.4% of the data. A further analysis of the dugisarevealed that most duplicated records
corresponded to people living in institutes. Pedpling in homes for the elderly, for
example, do all have the same address, are dikisdme age category and so on. Given
that it is possible that people in institutions ltlve the same values for the limited set of
variables available in our test database, we cdeduo focus in future research at the
selective part of duplicates not correspondingeiopte living in institutions.

Accuracy dimension

25. Regarding thaccuracy dimension we consider in this subsection whetheret are
any dubious values in the data. We concentratenagai the variablesducational
attainment andcurrent activity status. For these variables especially the relation wih is
interesting. For illustration, reaching the highlestels of education takes time. Therefore,
for example, a person of 18 years old can (norphatigt yet have a PhD degree.
Furthermore, it is expected that (almost) only did@eople will have a value for the
variablecurrent activity status equal to 3 (pension or capital income recipients).

26. To be able to analyse whether these expectatdores between the variables of
interest and age hold, cross tabulations were ededthe results are shown in table 4 and
table 5. In interpreting these results, care hdsetdaken of the fact that especially for the
variableeducational attainment a lot of values are missing and that the numbenissings
depends on age (see the first column of table #4caBse of this, not much can be
concluded from, for example, the counts per cellthaf table. Despite of this, for the
variable educational attainment it is valid to conclude that for the youngest paftthe
Dutch population either no value is present os itqual to “not applicable”. The youngest
people that have reached education level 6 (Sestagk of tertiary education) are in the
age group 20-25. Furthermore, there turn out t@drae people who reached educational
level 5 (First stage of tertiary education) alreadthin the age group 15-20. Most people
reach this level however at a higher age. It can #le cautiously concluded that most
young people continue studying after they haveheddevel 1. This is in line with the
expectations as youngsters are obliged to go toodditl the age of 16 in the Netherlands.
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Table 4: Cross tabulation of the variable “Educatimal attainment” versus age group

Educational Attainment

Miszing 1 2 3 4 5 a g
47674 ] H a 0 0 [ a 898187
1414 il o 0 0 0 [ a0 1009745
1275 ] H a [ 0 [ a 77680
27192 147 258459 539273 163161 43 16634 a 0
216918 1830 14448 126841 405943 2987 209128 4 o
476323 3300 10723 16161 147537 2TT 312380 79 0
589228 4681 11692 22976 104633 3041 2BRET3 217 0
330625 5136 12811 274738 1126566 5832 250058 399 o
S96017 4388 12850 31923 100596 7906 148114 485 0
1022110 4596 13128 33829 79051 B378 51443 502 4}
935658 4245 146595 324938 58110 787 58153 409 0
G44TRS 4018 16743 10682 41449 6790 43224 g2 1}
351054 3536 15635 28929 30744 5720 28315 135 [
636135 2962 11408 19387 18166 3353 13914 1540 0
347283 2059 3049 12352 10552 1818 GEET 101 0
457713 1254 3361 5994 B320 1094 3900 51 0
324613 483 3356 6E30 3822 617 2321 3 0
181335 20l 1511 3531 1811 262 509 13 0
64749 %] 852 B3% 496 51 258 7 0
14174 22 201 157 T8 1 40 2 1
1526 2 7 16 3 1 5 a [

Note: Educational attainment: (0) No formal edumati(1) ISCED level 1 Primary education, (2) ISCEDel 2
Lower Secondary Education, (3) ISCED level 3 UpBecondary Education, (4) ISCED level 4 Post Sen- no
tertiary study, (5) ISCED level 5 First stage ofti|wy education, (6) ISCED level 6 Second stageedfiary
education, (9) Not applicable (persons < 15 yr.

Table 5: Cross tabulation of the variable “Current activity status” versus age group

Ageclass Crnrent activity stafus
Missmg 0 1 2 3 4 5 5

1- 0 945861 0 0 0 0 0 0

2 0 1011159 0 0 0 0 a 0

i 0 478064 0 [ 0 0 0 0

4 34911 o 452180 33 0 457333 11 293

x; 113286 o Tl6411 106 0 147395 190 711

& 142140 o 318167 107 0 28396 488 677

T 163141 0 836030 129 0 4504 744 771
216807 [ 1053407 180 0 2418 1138 1G8558 5
228624 0 1070204 278 V] 1853 1078 12244
236102 [ 1013248 242 0 1134 1076 14344
262473 0 8753724 253 1 04 1261 17803
330898 ¥ 714958 263 39705 232 1776 32353 3
390062 0 343089 172 256826 78 2348 ITEL L
3730 0 88209 1 628400 18 3 46
5305 [ 35690 1 348059 3 a »
38220 0 14705 0 466339 2 0 19
2165 o 5897 4] 333536 0 a B

: 1115 0 2350 [} 186680 0 a &

19: 190, 95 405 o G52 0 66339 0 0 0

20: [95, 100) 162 0 138 0 14386 0 0 0

21- {100, =) 97 o 18 0 1450 0 0 0

Note: Current activity status: (0). Persons belowimum age for economic activity, (1) Employed, (2)
Unemployed, (3) Pension or capital income recigiefd) Students not economically active, (5) Homesrs (6)
Others.

27. In table 5 the numbers of unemployed peoplejdmakers, and others come from
the LFS meaning that for these categories only gamformation is available. The results
shown for these categories are not weighted t@dpailation totals. Table 5 is in line with
the fact that the pensionable age in the Netheslamdn general 65 years, i.e. there is a
clear peak of records with a value of 3 (pensioncapital income recipients) for the
variable current activity status in the age gro6f<59. Related to this it can be seen that
the part of people having status 1 (employed) f@mitly decreases once they have
reached the age of 65 years, although there sedrma smme people older than 100 years
that are still working. The status 4 (studentsewmnomically active) is also in line with the
expectations as this status occurs mostly for gebelow the age of 25 years.
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28. Based on these tables it can very cautiouslgdmeluded that the values for the
variables under concern are accurate. Although nmumte research on this topic is needed
of course.

Conclusions

29. The virtual census has proved to be a sucdessficept in the Netherlands. It has

many advantages compared to traditional censusescadsts are now considerably lower.

Still, Census data on the Netherlands can be cardparresults of earlier Dutch censuses
and to the results of other countries that take jpathe same Census Round. So far the
Netherlands has conducted three virtual censusesetr, the Dutch data that have been
compiled for 1981 and 1991 were of a much moretéichcharacter than the set of tables of
the 2001 Census. Moreover, they were largely basealregister count of the population in

combination with the then existing surveys on thkolur force and housing conditions.

Also for the Virtual Census of 2011 it is importdhat the final results are comparable both
over time and with other countries. Therefore, dnality of the Dutch registers used is of

vital importance for the 2011 Census.

30. It is possible to conduct a register-based w®ra more and more countries.
Although in most countries, not all census variablean be derived from register
information. For those variables additional survesmain a necessity. To be able to use
registers for statistical purposes, it should bsspe to determine the quality of these
registers. The results described in this paper shawthe quality framework developed for
administrative registers and the corresponding ldilstcare valuable tools for the
evaluation of the statistical usability of suchadaburces. In the coming years it will be
decided how the different Dutch Census variabldsh&i derived. During that period more
of the indicators in the Data hyper dimension Wil applied to the data in the registers
used.

31. Big advantage of the approach used for thetagt®n of the Virtual Census file
(Schulte Nordholt, 2004) is the use of micro-ingggm. In this way data are checked and
incorrect data are adapted. The number of measuteareors thus decreases. By the
introduction of the technique of repeated weightithg remaining inconsistencies are
solved. Given the detailed information requestshef 2011 Census, the available sources
for the Dutch Census and our first experiences wajiplying the quality framework, it is
sure that we will have a lot of interesting expecies with our register-based 2011 Census
in the coming years that will draw the attentiom@dny other countries.
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