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Summary

The National Institute of Statistics of Italy isgparing the next Population and Housing
Censuses that will be held on 2011. In this pagsehort description of the main editing
procedures for the 2011 Census is given. The ingfassime likely census innovations on the
editing and validation is also reviewed.
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[.  INTRODUCTION

1. Census data characteristics make the editingalithtion phase a very complex task.
Some characteristics are shared with data fronr dinesehold surveys, e.g. the hierarchical
structure of the collection and analysis units @ehwlds and individuals, buildings and
dwellings) and the mixture of many qualitative apntitative variables. Other characteristics
are peculiar to census data, e.g. the huge amoédata that requires high efficient
computational solutions and the presence of sonadl &t important groups in the population
difficult to enumerate (the elderly, babies, frentivorkers, foreign persons, etc.), that demand
for imputation actions able to preserve their aatlistributions. A well-organized editing and
validation strategy needs to be arranged in oa&ke into account the census data
characteristics in an adequate way.

2. The editing and validation strategy adoptechfondling the 2001 Italian census data was
characterized by methodological and technical iations aiming to tackle specific editing
problems. In particular, new techniques and sofwaols were developed, implemented and
successfully used so as to improve the qualitynafl fresults.

3. At present it is not still possible to give fditails of the 2011 editing and validation
strategy because some innovations affecting thangdind validation phases are being
discussed for a possible introduction in the nextslis.

4, As a matter of fact, it is stated that the 26diting and validation strategy will be built
upon the experiences of the 2001 Census: a corepgiting and validation process will be
arranged by a hierarchical combination of severat@dures addressing to specific problems. In
particular, some editing procedures used in 200lb&iadapted to the 2011 questionnaire and
re-used, some others will be improved and/or medifor taking account of the innovations that
are going to be adopted. The use of generalizéd/ad will enable an easy data fitting and a
prompt adjustment of the procedures to the neweglyss design.

5. The 2011 editing and validation strategy wiiahim to reduce the processing time for
contributing to improve the timeliness in dissenimgiresults (EUROSTAT, 2008). With regard
to this matter, a key role will be played by teclogecally up-to-dated hardware, highly efficient
algorithms and proper planning, implementation arahaging of the editing and validation
procedures.

6. This document brings out the essential compenefrthe 2011 editing and validation
process pointing out some features to be takeraictount in the preparing phase. Particularly,
Section Il describes the main editing procedurashll be used for the 2011 Census, while
Section lll points out the impact on the editingl aalidation strategy of the under discussion
innovations in the survey design. Finally, in SexctiV some considerations about issues are
now being analyzed and future work are provided.

. MAIN EDITING PROCEDURES FOR THE 2011 CENSUS

7. The editing strategy for the 2001 Census aimigedorming plausible imputations
preserving the maximum amount of collected infoioratThe strategy adopted to accomplish
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this task consists in singling out the editing gubblems and finding an appropriate solution for
each of them. In consequence, an editing procaapased of several (connected) procedures
addressing to specific sub-problems and implemgrsuitable methods was put in place
(Bianchiet al, 2004 and 2005).

8. For computational and operational consideratithvesediting of the variables from the
Private Household Shéaif the 2001 Population Census was performed inseguential steps.
The editing of the demographic variables (YearighbSex, Relationship to the household
reference person, Marital Status and marriage)deas before the editing of the other variables,
named individual variables (Citizenship, Presemmkacommodation, Educational degree and
training, Professional and non-professional staistk activity, Place of study or work). As a
result, a lot of individual responses could be mecily erased (or improperly imputed)
depending on the imputed values for the demogragrables. This problem was solved by
using an ad hoc auxiliary variable (see sub-se@ipbased on the identification of the
respondent path.

9. The optimization techniques played an importal# in the treatment of the
demographic variables. A new software based omapdition techniques was in fact developed
for implementing the data driven and the (theojiocaihimum change approaches used for
processing the 2001 demographic variables (sesextitivns B and C).

10. The identification of the respondent path wae an essential step in the editing strategy
adopted for the individual variables. The pathsiig classes of respondents having common
characteristics (see sub-sections A and D). Thiesses were used as strata for error localization
and imputation. The deterministic approach wasrasgly used for the error localization of the
individual variables, while the new values werdgssd by means of model based imputation
(see sub-section D).

11. Particular attention was reserved to the ggltinsome small groups in the population,
such as the centenarian, babies, frontier worl8gscific procedures were arranged for them
using also the record linkage with the 1991 Ceulsig (see sub-section E).

12. The editing strategy for the 2011 Census vélbhased on that one adopted in 2001. In
particular, the same processing order (first thraatgraphic variables and then the individual
ones) will be applied and the main procedures setleating the demographic and individual
variables will be adapted and re-used. In the ¥alg sub-sections, a short description of the
methodological aspects of these procedures is given

A. I dentification of the respondent path
13.  According with the graph theory (Picard, 19&0yjuestionnaire can be represented as a

connected graph, where the vertices are the vasatiid the answers define the edges. When the
answer to a variable is required only for some @slgiven to a previous collected variable, the

! Census form collecting information on persons whoally reside in the dwelling.
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foregoing collected variable is named filter and slucceeding one is named dependent. As
example, the Marital status is a filter variabletfte dependent variable Years of marriage. The
filter variables are represented by vertices that gse to more than one edge. Each of these
edges enters into a subsequent vertex representiegendent variable. Two vertices are
adjacent if they are connected by an edge. A gadhsequence of distinct adjacent vertices. A
path identifies a class of respondents having comoharacteristics. A path can therefore be
considered a summary variable useful for identgyiespondent sub-populations.

14. Missing responses and/or erroneous values eta omcertain the identification of the
right path for some respondents and so the ideatifin of the proper respondent classes. In fact,
a failed edit record can have an erroneous patraghaissible path), that is a path not consistent
with the questionnaire’s compilation rules. In taesses it is necessary to find the most likely
(admissible) path/s.

15. For 2001 Census an automatic procedure faddreification of the most likely path of
each respondent was implemented. The procedureetbttze most likely path from the set of the
admissible ones on the basis of the analysis ofebigonses given to filter and dependent
guestions. If a failed edit record admitted twarare admissible paths (multiple solutions), one
was randomly selected on the basis of the obsdregdency distribution of the respondent’s
most likely paths.

16. The respondent path was used to:

(&) Compute the new auxiliary variable Subset of Adibissvalue (SAV) of the Year
of birth variable (Manzari et al., 2002). The SAWYear of birth (in the following
simply the SAV) was computed for each person withemhousehold and defined a
sub-domain of the Year of birth consistent with tinghest number of provided
responses. The SAV was used to identify donorastidien handling the
demographic variables: a person in a passed easehold was a suitable donor for
a person in a failed edit household (recipient@er# and only if his Year of birth
was inside the SAV of the recipient person. Siteeindividual variables were
handled in the second editing step, their valuesdcloe conditioned by the imputed
value of the Year of birth variable and impropeletiens could occur. The use of the
SAV allowed to impute a Year of birth consistenthwthe highest number of
individual variables so that, the loss of inforrmatdue to improper deletions was
strongly reduced.

(b) Impute nonresponse or inconsistencies of Profeakgiatus, Working activity and
Place of study or work variables. In particular, éach failed edit record a most
likely path was first selected and a value to inrepuais then chosen by taking into
account the respondent path, Place of dwellings<Ctdi age, Sex and other strata
variables.

B. Joint use of data driven and minimum change approach by DIESIS
17. Population census data are collected at theetmld level with information for each

person within the household. The demographic viesahre related among different persons
within the household by the so called between-persalits and also inside the person by the
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within-person edits. Therefore, the preservatiothefrelationships between the demographic
variable can be guaranteed if the variables areggsed at the same time for all the persons
belonging to the same household that is at houddéweél. To accomplish this task an editing
system able to use both the between-person edittharwithin-person edits should be used. As
some demographic edits are expressed by lineauaiigigs, the editing system should also be
able to deal with qualitative and quantitative ables simultaneously.

18. Preparing for the 2001 Census a new softwhaeeData Imputation and Edit System -
Italian Software (DIESIS), was joint developed batidnal Institute of Statistics of Italy

(ISTAT) and academic researchers (Department offlixen and Systems Science of the
University of Roma “La Sapienza”) (Bruat al, 2001). The DIESIS system allows to deal with
qualitative and quantitative variables simultan&gus household and individual level. After a
rigorous statistical evaluation of its performaiieanzari and Reale, 2001), the DIESIS system
was successfully used for imputing nonresponsaesalve inconsistent responses for the 2001
demographic variables.

19. Two editing approaches are implemented in &S5 system, the data driven and the
(theorical) minimum change, through the first dentbren fields and the first fields then donors
algorithms.

20. The first donors then fields algorithm firseéidifies a subset of potential donors and then
determines the minimum number of variables to iraput the basis of these donors. The
potential donors are the passed edit householsisnéar as possible to the failed edit household.
The similarity between each failed edit household @ach passed edit household is calculated
by a function defined as the weighted sum of tis¢adices (for quantitative variables) or
similarities (for qualitative variables) for eacbusehold variable over all the persons. The
algorithm selects, from the potential donors, theimum (weighted) set of values to impute so
that the new adjusted household will pass all this éminimum change given the potential
donors). By using this algorithm the imputed valtgrsa household come from a single donor
household.

21. The first fields then donors algorithm firstelenines the minimum (weighted) number
of variables to impute and identifies the poterdiahors (as previously described). Then, for
each recipient person, the algorithm takes theegla impute from the donor person as similar
as possible to the recipient one. This algorithmputas the variables of one person in turn. If
possible, the variables inside the person are iegpsimultaneously. Note that the imputed
values for a household may come from two or moreoddiouseholds.

22. The two algorithms were jointly used for theatment of the demographic variables, in
order to balance the plausibility of the imputatamtions with the preservation of the collected
information. The first donors then fields algoritlwas selected as default one, with the option to
turn to the first fields then donors algorithm whéoar a given failed edit household, the number
of changes proposed by the first algorithm was edirgly high in comparison with the number
of changes proposed by the second algorithm (ttenewas set on the basis of the household
size).
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23.  The first donors then fields algorithm was rhairsed to process the households having
common structure that are usually those havinglesmiabusehold size. For these households it
was generally possible to find enough potentialalenOtherwise, in the treatment of
households having uncommon structure, usually tioselargest size, few donors were
generally available, and often they were not vamjlar to the failed edit household. In these
cases the data driven imputation action would mageired many changes to obtain an adjusted
household passing the edits, therefore the minirdliamge approach was preferred.

C. I dentification of the household reference per son and potential couples

24, Two important procedures were run before tloegssing of the demographic variables.
One aimed at validating the household referenceogpen the household, the other was designed
for the identification of potential couples in theusehold.

25. One of the most important demographic variaisiéise Relationship to the household
reference person. It is the basis variable fori§pag all the between-person edits and most of
the within-person edits. Moreover, it is necessargiefine the family nucleus and hence the
family structure. For each household, the refergrezson needs to be located (prior to editing
the demographic variables) in order to allow a8l tamaining persons to define their relationship
to it. Three possible erroneous situations canrmabaut the reference person:

(a) one person has declared to be the reference peusdris/her SAV (17 years old or
younger) is not consistent with such a role;

(b) more than one person has declared to be the reteparson;

(c) no one in the household has declared to be theerafe person.

26. The procedure used to validate the househt#derece person for the 2001 Census data
was based on optimization techniques and was dastieadapting the first fields then donors
algorithm implemented in the DIESIS system to thecsic problem. The procedure was
composed of two main steps. In the first step thtemtial reference persons were identified. In
particular:

(i) in cases a) and c) the potential reference pemsens all the persons in the
household having a SAV consistent with the refeegmerson role, that is the ones
having a SAV consistent with an age of 18 yearsider;

(i) in case b) the potential reference persons werpdftsons that had declared to be the
reference person if their SAV was consistent whth teference person role,
otherwise the potential reference persons werth@lpersons in the household
having a SAV consistent with the reference persda r

27. If no person in the household had a consi€é&M,the potential reference persons were
all the persons regardless of the consisg&\requirement.

28. In the second step, the procedure selectepbtieatial reference person which allowed to
restore the household edit consistency changinghthenum (weighted) number of values of
the demographic variables.
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29. The definition of the family nucleus, and hetize family structure, is based on the
analysis of the couples in the household. Somelesugave unique relationship to the reference
person (reference person, wife/husband; fathemenpfather-in-law, mother-in-law). Other
couples have non-unique relationship to the refergrerson (e.g. son/daughter, son/daughter-in-
law). The persons forming unique couples are wieltified in the household, if they are

present. In the 2001, their editing was done bgta&ad-hoc between-persedits (couple

edits). A more difficult problem is the editing thfe non-unique couples because the persons
forming them need to be identified first.

30. In order to preserve as much as possible teerebd non-unique couples, for the 2001
Census a two-step strategy, drawn by the Canattatiegy (Bankieet al, 1997; Bankier,

1999), was performed. In the first step the norgueicouples were identified prior to editing
(potential couples). In particular, the identificat of the potential couples was done by
assigning a score to each possible pair of perisaie household and selecting the pairs with
largest score. The score was based on the provedpdnses to the demographic variables and
reflected the likelihood of the pair being couple.

31. In the second step, the couple edits wereegplinly to the persons forming the potential
couples (components). At this aim an ad-hoc derawedliary variable was used.

A potential couple could be either retained or eleted by imputation. In the first case the
components had appropriate values for the Reldtipris the household reference person, Sex,
Age, Marital status and Year of marriage variabligs,the components of the unique couples.
In the second case there were no couple constfaintise components.

D. Editing of individual variables

32. The individual variables are related only iesilde person by the within-person edits,
therefore they were processed at individual lewith(the exception of the Citizenship variable).
The editing process was composed of different phoees customized to the collected unit
(private household, institutional household, pergmporarily resident) and the specific
measured topic (Place of birth, Citizenship, Preseand accomodation, Educational degree and
training, Professional and non-professional stalistk activity, Place of study or work).

33.  An analysis of the erroneous situations was fierformed in order to classify the kind of
errors (e.g. systematic coding or compilation exreeindom errors). Then, the imputation of
nonresponse and inconsistencies was carried ousibyg different methods. In particular, the
systematic coding errors were treated by detertigrimputation while the standard rejection
method was used for imputing non-response and sis@mcies due to random errors. The
imputed values were drawn from the distributionctions calculated on the passed edit records
grouped into strata defined also by the responpiatht (see sub-section A).

E. Validation of centenarians

34. Centenarians represent a relatively smallropbrtant proportion of the total population.

The strategy used for validating the centenariansnerated in the 2001 Population Census is a
combination of several methodologies directly aggblio the raw micro-data captured by optical

reading (Nuccitellet al, 2006). The main key stages of the strategy afellasvs:
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1) automatically match the records which refer tovidlials born in the period 1888-
1901 and enumerated in the 1991 Census with tleedeevhich refer to individuals
born in the same period and enumerated in the 2@dkus, using exact (i.e.
deterministic) matching;

2) automatically check for internal consistency oforels unlinked at stage 1,

3) manually check for consistency with the respeagwestionnaire images which are
stored during the process of optical reading ofesambiguous cases from stage 2.

35.  With regard to the matching stage, two recoreie labelled as linked if the following
conditions were simultaneously satisfied:

(a) the records perfectly agreed on fields common th bata sets (matching variables);
(b) the used matching key identified the links uniquety did not contain missing
values.

36. The individuals (enumerated in the 2001) cqwesing to the linked records were
considered validated. The unlinked individual pregg consistent items at the automatic check
of stage 2 were considered validated.

[11.  EDITING AND VALIDATION PROCESS UNDER INNOVATIONS OF THE
SURVEY DESIGN

37. Some innovations to the 2011 census survegmese currently being discussed at
ISTAT (Crescenzi and Fortini, 2007).

38.  Among the innovations most likely to be introdd, the ones having the major impact on
the editing and validation phases are:

(&) enumeration by short- and long-form questionnaires;
(b) availability of registers:

0] local registers on individuals, and their organaain private and
institutional households, having their usual restdein the municipality
— obtained by local population registers;

(i) integrative registers on individuals, and theiragrigation in private and
institutional households, not usually residing taumporarily present in
the municipality — obtained with data from localaentral auxiliary
sources;

(i) local residential address lists;

(c) use of multi-mode data collection: questionnai@ected by enumerators, transmit
by mail or web, or collected by computer-assisaephone interviewing (CATI).

39. For the 2011 Population Census a limited nurnbguestions (mainly on demographic
characteristics) could be asked to every persorhanding unit while additional questions (on
social-economic characteristics) could be askedgample of persons and housing units. In this
case two census forms are necessary. The shortefoestionnaire could contain information on
the demographic variables (Sex, Year of birth, kMastatus, Relationship to the household
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reference person, Citizenship, Presence and accdatman, Educational level). Differently, the
long-form questionnaire could contain informatiantbe variables in the short-form and also
School enrolment, Degree and professional trairfdngfessional status, Working activity, Place
of study or work and journey to study or work. Eddusehold should receive either a short-
form or a long-form.

40. The choice of treating the demographic varg&fdd contained into the short-form)
before the individual variables is well suited te@ hew strategy of enumeration. However, the
need of determining th®AV(see Section Il A) with two different proceduresilt arise: one for
the short-form, the other for the long-form. It hbe noted that, for the individuals receiving the
short-form, theSAVcould be less effective, because the availabtanmition used for thEAV
computation is strongly reduced.

41. The delivery of the long-form on sample badishve able to have a negative impact on
the availability (and therefore on the choice) ohdrs for the small groups in the population.
This could reduce the accuracy of the imputatiothogs (donor-based and distribution-based)
as it strongly depends on the availability of @éanumber of potential donors. High rates of
item nonresponse joined to scarce donor availglmbuld heavily cut down the quality of the
final estimates. This negative issue could be pr®dby managing the data collection and the
donor pool selection phases with especial care.

42. Furthermore, the validation phase of the irtliai variables will be made more complex
by the collection on sample basis. The raising fsighould be promptly available for allowing
both the test and tuning of the editing procedarasthe comparison between the final data and
the macro information coming from external sourgeom administrative files. In this regard,

a more effective validation phase could be perfariha detailed set of indicators (control
system) was available to support the in-depth aiglbyf the inconsistencies between census data
and other available sources. Therefore, a conggtém should be accurately planned and
implemented.

43. A considerable contribution for the enhancenoétite quality of the final data could be
brought by the availability of some informationgeSex and Date of birth) contained into local
registers provided by the municipalities (pointsd®). The information from the registers are
usually correct and therefore could be used to:

a) improve the quantitative control of the forms, tisathe verification of the
correspondence between the number of returnedigaeaires and the "expected"
number of questionnaires, with the goal of reducinder-enumeration;

b) complete the census file by imputation of missingnoonsistent census values.

44, In this case, some studies aiming at determieffective strategies for the use of the
register’'s macro- and micro-data have to be perokm

45, In particular, the record linkage between ceriata and register data could allow
accurate imputation of missing or inconsistent aenglues. The difficulties related to the
linkage between census and register data couldyriz@ndue to the absence of reliable
identifying information (in previous Censuses, fiseal code of each individual was not
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collected and the full name was not available {BA) and to the required processing time. If
the fiscal code was collected by the 2011 formoiild be used as unique identifier (matching
variable) for the link with the register data. histcase, since the questionnaires will be mostly
self-completed, also the full name should be ma@ddable in order to check the correctness of
the matching variable. Otherwise, mistakes couttipm the matching phase resulting in
useless or harmful use of the linked data for irapoh purpose.

46.  As alternative strategy, the register datactbel added to the donor records and the
donor-based imputation could be adopted. Thisesiyahiming at improving the similarity
between recipient and donor records (donor recood&l be quite dissimilar from some
recipient records) and hence the imputation perdmee. The accuracy and efficiency
characteristics of the two alternative uses ofréggster data (linked-based imputation and
enlarged donor-based imputation) should be asséssad ad hoc study.

47. Finally, the impact of the multi-mode data eotlon is not negligible on the quantitative
control of the forms. Procedures in aim to veri@ipticate questionnaires, due to the use of
different data collection modes, need to be arrdmg@rder to avoid over-enumeration.

IV. CONCLUSIONS

48. The editing and validation processes for thé pepulation Census will be mainly built
upon the experience of the 2001 Census, but tategies need to be adequately arranged in
order to take into account the innovations likelype introduced in the survey design. Special
attention must be devoted to:

a) the impact of the long-short form technique onittentification of the respondent path
process, on the donor selection and on the vatidgthase;

b) the opportunity to use information from local pagiidn registers, or other integrative
sources, at macro and micro level;

c) the availability of local residential address ljsts

d) the use of multi-mode data collection.

49. In particular, opportunities to the above pinf-d) allow to perform editing activities
during the data collection process. Therefore tiy@eémentation of suitable supporting systems
iS necessary.

50. These innovations will have a relevant imparcthee whole editing and validation
process. Currently, some issues have already medysad and solutions have been suggested,
but others still need to be addressed. In addisome studies are being carried out in order to
reduce the computational time of the quantitatimetiml process and to improve the detection of
systematic errors. Since the timeliness in dissatimg results must be improved, the editing and
validation task is doubtless ambitious.
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