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1. The toil of collecting raw data and transformng it to a meani ngfu
statistical know edge, is the dom nant process carried out in statistica
bureaus. Changes and i nprovements are introduced to the process in severa
real ms, anong which are the adaptation to the changi ng needs of the users and
the devel opi ng of statistical methods to better reflect reality. However, in
this knowl edge age, the growi ng needs that put a pressure upon the bureaus to
produce a reliable, tinmely and updated i nformation, may stinulate al so
technol ogi cal devel opnent, changes and adaptati ons.

2. Censuses have al ways been an arrow head of such processes because of
their inportance in national statistics, their nmagnitude and consequently,
their high costs.
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3. At the beginning of the nineties, the devel opment of w ndows technol ogy
and the inproved* optical-reading ability were “drafted” to the census
process. Census goals were not altered, but have been re-enunciated in the
light of the transpiring changes in the environnent of census taking and data
processing. The ability to open sinultaneously several w ndows with |ogica
and physi cal connections between them and the nore reliable optical character
recogni tion, opened an opportunity to | ook at tasks ahead, concerning data
processing, in a different manner

4, During the 1995 Israeli Census, a new approach to processing census data
was adopted, while taking advantage of the new technol ogi es avail abl e at that
time and the international experience accunulated up to that point.

5. In this paper we scan several aspects of the shuttering effect of the
changi ng technol ogi cal environnent on the essential segnments of the census.
We el aborate on the ideol ogy behind census pl anni ng, data processing and
process quality control

Pl anning for an Optical Data Entry System ( OCDE)

6. Changi ng the technol ogi cal working-environment can be done in two main
patterns; by using newtools to performthe very sane tasks and processes, as
were done before, or by optimzing the use of these new resources while
altering the logical principles of the systemand its parts.

A The first tactic, the mere conputerization of the data-capture process,
means reducing the tinme needed to performthe process and produci ng a hi gher
quality census data-file because of the decreased invol vement of the human
subj ective conponent. Data capture tasks are shifted fromthe people to the
machi ne, and therefore, processes are uniformand consistent and the end
result is nore reliable than the |ess conmputerized alternatives. Costs night
be lower in a conputerized system if technol ogical devel opnent is not
required.

B: However, the second tactic, where technology is recruited while
ret hinking the ideol ogy behind the whol e census process, has additiona
merits that are expressed in the organi zational aspects as well as the
subst anti ve ones:

B1: Organi zati onal Aspects

7. In the technol ogi cal environment, the order of steps is not stipulated by
the logistic of handling paper questionnaires, therefore, it can be altered,
avoi ded as a decision variable altogether, or guided by new | ogica

principles of the system For exanple, there is no need to choose whether to
first edit data or first code them Copies of the sane i mages can be sent at
the sane tine to both. Therefore, both tasks can be done sinultaneously,

* Optical recognition has already been devel oped several decades earlier, and
was used in censuses and census tests since the beginning of the 1970s.
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unless a logical principle, like editing the already coded data, dictates
differently. Likew se, the new working environnent opens the question

whet her to capture edited and coded data or to capture raw data and perform
these tasks later. The issue of order and |logistics has a broader effect if
one is not confined to the boundaries of data-capture process, but considers
processes performed before or after it as well. There is no need to gather
the questionnaires in a special order if each page carries identifying

vari abl es. They can be put on the scanner's tray in a random order or in any
desirabl e order according to subject-matter considerations. Furthernore,
identifying duplicate records, usually done in the macro-editing stage in the
central conputer, can be perfornmed during the data capture process, while
still census records are accunul at ed.

B2: Substantive Aspects

8. The substantive aspects of optim zing the use of resources in a
conmputerized optical system are spread all across the census span; the
guestionnaires have to be designed for optical reading. They have to contain
i dentifying variables for each physical and | ogical unit, the questions are
preferred to be closed ones to facilitate the optical recognition etc.

9. Bringing the conputer to the beginning of the data capture process opens
the possibility to nodify the meaning of all the follow ng tasks; keying
becomes the corroboration of optical recognition, mcro-editing can be
reduced or even avoi ded entirely, coding can be carried out by way of

i nteractive queries and so on

10. Mreover, if a file is used for cold deck inmputation, performed in the
macro-editing stage in the central computer, it can be |linked with census
data as early as the first character recognition round is acconplished. It
doesn't have to be detained until all census data are gathered, this externa
file can be part of the data capture process, corroborate the optica
character recognition, support the identification of duplicate records while
still having the inmages of the questionnaires involved in the system and it
can al so serve for inputation of variables, if mcro-editing is perforned
during data-capture.

11. Although census goals remain the same, regardless of whether the working
environnent is technol ogically advanced or not, new tools provide flexibility
in planning the process and enabl e the achi evenrent of new internedi ate
objectives. In a systemw th optical character recognition, the accessibility
of the images of the questionnaires, during and after data capture,
elimnates the need to performediting and coding tasks at the begi nning of
the process, while the paper questionnaire is in front of the operators.
Therefore, planners can strive for a real raw data file, as an internedi ate
obj ective.

12. In the past, a raw data file in censuses was not a goal for itself and it
was never acconplished. The inplication was that there has never been a
possibility to find out, after data-capture, what has been witten on the
guestionnaires. There was not a way to separate between errors made in the
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field by the respondents or the enunerators, errors introduced during manua
editing or errors added during keying and ot her data capture processes.
Putting a raw file as an objective changes the |l ogical principles as well as
the timng of perform ng data processing tasks.

13. The Israeli 1995 Census of Popul ati on and Housi ng was conducted while
usi ng the overall optim zation approach. |nproved optical character
recogni ti on and W NDOAS wor ki ng environment were the starting conditions of a
process in which census planners redefined processes and internediate
obj ectives, and while doing so, invoked further technol ogi cal inprovenents.
The next sections are dealing with three issues:

(1) Data processing in the working environnent described above;

(2) The use of external files in a conmputerized system

(3) The questionnaire and the ODE system

Data Processing in the Optical System

14. Data processing has several essential nopdules: data collection, data
capture, coding, editing, data analysis and quality control throughout the
process. The ODE system of the 1995 Census of Popul ati on and Housing in

I srael did not include data collection and data analysis, and its structure
was as follows:

The 1995 Optical Data Entry System

- [ Scanning Module ]
! \
-G

>
External <_>[ Keying Module ]
File
(NPR) - »(Checks .
Editing & Coding Special
— Module @E§§§> Coding
1 1

[ File to

i Archiv
Central Computer File to ¢ € ]

15. Quality control was an integral part of the systemand it was the
underlini ng paranmeter of all nodul es and the channeli ng mechani sm bet ween
them The node in which each of the nodules is carried out is a function of
two main factors; goals and neans.
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16. The goal of census data capture is to create a census file with known

bi ases. In the technologically inproved system where inmages of the
guestionnaires are avail abl e throughout the process, the goal can be refined
into getting a structural, raw data file, that reflects the respondents’
answers as accurate as possible. This file provides the neans to | ocate
errors by their source and to fall back to the original data when one or nore
of the processes have to be revised. The ability to create several files that
have undergone different editing processes enables the evaluation of editing
processes using conparative nethods, and designated editing of the raw file
according to various needs. It contributes not only to the census file, but

al so as an input to the decision-making process regarding the manner in which
| arge data files should be edited in the future.

17. Al tasks carried out during data capture process were attuned to fit the
stated goal, while optimzing the use of resources in the provided working
envi ronnent .

Gui ding Principles of Each Mdul e

18. The main tasks perforned during the scanni ng nodul e are conpl et eness and
excl usi veness checks, and Optical mark recognition (OVR) and optica
character recognition (OCR).

19. Conpl eteness checks neans verification of scanning of both sides of each
page and of the expected anpunt of questionnaires. Exclusiveness checks cone
to ensure that each enunmeration area is scanned only once.

20. OWR & OCR processes assign a value for each field that has been defined
as a target for optical identification, and a status of reliability |evel of
the optical recognition. These statuses (Super Sure, Sure, Doubtful and Fail)
dictate further treatnment of the character, or the field, in the system

21. For efficient use of computer resources in the scanning nodul e the imge
of each formis kept only once. The fixed | ayout of the questionnaires (the
tenpl ate) is dropped out as soon as they are scanned. Furthernore, before
inserting the values and accompanyi ng statuses into the database, they are
conpr essed

22. The keying nmodule in the ODE systemis defined as a conpletion and
verification of the optically read values. A value of a field is verified
once two identification sources indicate the sane value. Since the Nationa
Popul ati on Register (NPR) is linked to the file i mredi ately after scanning,
and since there are two keying rounds, conparisons of values are performed in
the foll owing pattern:
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Keying Module

( ) 7N

OCR
4 ~\ C
External file | |~ 0o DataBase
(NPR)
1st Keying ]——/
(40%)
(2nd Keying )
(2%) 1T

23. Comparisons are made between OCR (including OVR) and the NPR, identities
are sent to the database. The remraining values go through 1st keying and the
conparison is mude between OCR, NPR and 1st keying. If two out of three are

i dentical, the value is sent to the database. The remai ni ng val ues go through
2nd keying and the conpari son process repeats. In this sequence, only 40% of
the characters (excluding al phabetical ones) reached 1st keying and only 2%
reached 2nd keying round (see also in the section of “The Use of Externa
Files”). The tremendous saving of human involvenent in the keying stage does
not end in the above automatic process; keying itself is “smart keying”

using imge tailoring technology. There are three types (levels) of keying:

Verification keying in “carpets” - The operator sees images of 10X10
characters identified as the same nunber or mark, and has to point at the
errors. For example, in a carpet of number “8” all the characters that are
not 8 are marked. The system was tuned to have 4-5 wong characters at
most. It neans that by clicking 4-5 tines, 95-96 characters have got their
verification and are not directed to additional handling in this nodule.

Correction keying in strings of three characters - The operator sees

i mmges of characters fromdifferent questionnaires and keys themin, in
triplets. The decision to arrange themin triplets is a product of an
experinment, and the findings are those three characters is the optim
nunber to remenber and key-in in a relatively high speed.

Full-field keying - The interface is of imges of the same variable in
di fferent questionnaire. For exanple, imges of 12 images of country of
birth, that have to be fully keyed in. Form ng honbgeneous keying itens
are found to be faster and nore reliable for data capture.
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24. The level of keying is determ ned by the level of reliability of OCR
recognition, by the value captured (whether it falls within a legitimte
range or not), and by the corroborating auxiliary information. Basically, the
principle is that “super-sure” status neans that the value has been

corroborated and need no keying at all, “sure” values are brought to
verification in carpets, “doubt” to triplets and “failed” to full field
keyi ng.

25. Quality control is enbedded in the process, using synthetic characters
planted in keying itens. It enables a continuous followup of the quality of
keying and quality of keying operators.

26. The objective of receiving a structured raw data file dictates four main
editing tasks: definition of structural units, nodification and conpletion of
t he keying stage in those cases where a final value has not been defined,
confirmation or nodification of captured values in fields which were found to
have | ogi cal contradictions (without altering the values witten on the
guestionnaire), coding “other” categories (an open category in a closed
question).

27. To performthese tasks, a set of preparatory tasks is activated during
and i nmedi ately after keying stage. It includes automatic codi ng of two
variables (Country of Birth and Rel ation to Reference Person), detecting
written responses in the “other” categories, all physical (enumeration area,
guestionnaire) and |ogical (household, individual) units are automatically
defined and out-of-range and consi stency checks are perforned. A failure in a
preparatory task creates an editing itemthat includes all editing problens
found in one househol d.

28. The editing work environnment enabl es seeing sinultaneously the inmage of
the full page of the questionnaire, inmages of all pages belong to the
househol d, as well as inmages of any household in the enumeration area. It is
al so possible to see sinmultaneously witten responses on the questionnaire,
as recorded by the enunerator and the respondents, together with the ASCI
val ues of the corresponding fields in the database. There is an interactive
accessibility to an external file, coding dictionaries and process-

i nformati on tables, accessibility to virtual boxes, through which problens
can be sent to experts, wait for a latter handling or transferred to the

ri ght enuneration area batch. Editors can change, confirm or conpl ete data,
separate or join inmages of pages and questionnaires, assign statuses to
records or send the househol ds to be handl ed by specific others.

29. Quality control of editing is perforned after each editing activity by
way of conpl et eness, out-of-range and consi stency checks. Failures in these
checks brings back the itemor create a newitemto be handled by the sane
editor or by a senior editor. Statistical reports, generated throughout the
process, draw an attention to problematic editors.

30. In the special coding nodule the three nore conplicated coding tasks are
per formed; geocodi ng, occupation and econoni c branch codi ng. Geocoding is
operated in three address fields: the residential address, address 5 years
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ago and address of work. All of which undergo keying and automatic coding. A
failure in coding results in presenting the coding itemto the coder to code
it in a computer assisted process.

31. Preparations for occupation and econom ¢ branch coding differ from
geocoding in the keying stage. Since automatic coding of these fields has not
been part of the coding process, there is no need to key-in the verba
descriptions. In a computer assisted coding process the coder can nake
gqueries with words seen in the inmage of the questionnaire (for el aborate

expl anati on see section “The Use of External Files”). Because of this
feature, coding itenms are created when the optical character reader
identifies witten text in the relevant question fields; i.e. the nere

exi stence of handwitten text is a trigger for creating an item

32. The interface coder-machine is user friendly. Coders have accessibility,
via a query, to a various external files: designated dictionaries, enployers’
file and addresses files. They can also see the image of the rel evant page of
the questionnaire and i mages of all pages belong to the househol d.

33. Control of economic coding is not included in the optical data capture
system but does depend on its technology. Coding itens are retrieved from
the optical archive, sanpled and sent for second coding in stand al one PCs.
An expert receives a coding itemin cases where the first code given by the
ODE coder does not match the second code. The expert's code repl aces the
code generated by the ODE only when it is different fromthe first code.

34. At the end of the data capture process, a file is prepared to be sent to
the optical archive. This file includes all data fromthe questionnaires,

adm ni strative data, statistics reports produced and used in the process and
all audit trails of each field. This file can be retrieved and al ready serves
us for evaluation purposes.

35. Additional file that is sent to the central computer includes the

conpl ete census information (w thout images) and a “tail” for each field,

whi ch enables the identification of the main characteristics of the data
capture process (the status of the linkage to the external file, or a status
of cancellation of the record). This tail provides the neans to a precise and
sensitive macro editing of the data, while preparing the final census file.

The Use of External Files

36. External files are files of different types; organizational files,

regi sters with denographic information, files with soci o-econom c vari abl es
and coding dictionaries. They support diversified tasks in data processing,
substitute conmponents, supply information and suppl enent data. External files
can al so serve for evaluation purposes, given that they were not used for the
process they cone to eval uate.

37. Oganizational files are lists referring to different units in a census;
a list of all enumeration areas nested in their |arger geographic units, a
list of all households visited by each enunerator (enumerator’s report book),




CES/ SEM 40/ 6
page 9

a list of all authorized workers specified by job type etc. Organizationa
files can be assigned to adm nistrative roles |ike coverage checks, transfers
conpl et eness checks, exclusiveness of each unit in the system and process
foll owup, workers followup, data protection and such. They can al so be used
for improving data-capture quality (see below) and to generate statistica
reports of any sort or kind in the system

38. Registers with denpgraphic data and files with soci o-econom ¢ data,
significantly inmprove work planning, coverage, data capture, editing and

i mputati on. The Popul ation Register in Israel served, during all censuses,
for districting enuneration areas, according to the population estimtes. In
the 1995 Census it was al so used for the production of geographic information
layers in the G S system Coverage purposes were served by the production of
sel f - adhesi ve | abel s carryi ng names and personal |D nunbers, for each
enuneration area. It was useful in the field, when the enunerator made sure
that for each | abel there is an explanation whether the person was found in
the expected enuneration area or not. It nmeans that registers are very usefu
even if they are only partially correct. In Israel, about 70% of the

popul ati on were found in the register’s addresses.

39. Popul ation Register also supported the data-capture process. Having
preprinted I D nunmbers of 70% of the records neans that 70% of the |ID nunbers
on the questionnaires were identified with 0% substitution rate (zero

m stakes in the optical recognition). Furthernore, record |inkage between the
regi ster and census records, was a fundanental feature of the data capture
process. It was used to substitute keying in the foll owi ng process: census
records were |inked to the corresponding records in the register, using very
rigid criteria. If the |link was successful, all shared variables were
conpared. In a case of identity, the value was accepted as the right one and
the field skipped keying conpletely. In this process, 60% of the characters
on the questionnaire (except for al phabetical letters) skipped keying. The
contribution of the register for data capture is very inportant, since
abridging the keying step was possible not only for fields identified by the
optical reader with high certainty, but also for doubtful recognition
Whenever an OCR val ue was supported by the register’s value, it was accepted
as the right one with no further treatment.

40. Data capture was al so supported by the register in answers that were
written in a faded col or or vague handwiting. An interactive query to the
regi ster hel ped identifying the value (but not to substitute it with the
register’s value). It was the human-nmachi ne interface, having the i mage of
the questionnaire, the corresponding ASCI1 value in the database, and the
register’s record of the same person, that allowed for such support.

41. The editing phase in the ODE systemdealt with, anong others, failures in
the automatic record |inkage between the Census and the Popul ati on Regi ster
files. By using census data for flexible queries, editors could identify the
right register record anong all records offered as possible to be linked to
the census record. This record |linkage, in a conputer-assisted node, enabled
the suppl enent of 1D nunbers in records that m ssed this variable or had the
wrong nunber. A verified unique |ID nunber nade possible the finding of
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duplicate records and their annul nent. Moreover, having a verified |ID nunber
facilitated record linkage with other files carrying the same ID variable. As
a result, the process of editing census file and inputation could | ean on
external files that included all, or partial, census population and the
variables to be edited or inputed. The external files were also used for ful
record inputation and as a source of information not investigated in the
census questionnaire (religion and Social Security allowances).

42. Coding dictionaries are the heart of any codi ng process, regardless of
the pattern it is conducted by. In a conputerizes working environment,
automatic coding is stipulated by data capture of the descriptions to be
coded, whether it is done by optical recognition or by keying in the data.

43. In systens where optical recognition includes al phabetical characters, a
first attenpt to code can be done on the values offered by the OCR Second
attenpt can be done after conpleting data capture phase, usually by keying.
In the Israeli Census, al phabetical characters were not read by the optica
reader, meaning that automatic coding could have been operated on keyed-in
fields. This was the case with several variables: address 5 years ago,
address of work place, country of birth (except for 7 closed categories), and
relation to the reference person (except for 9 closed categories). The

| eading rule was to code automatically unequivocal descriptions of variables
that have a finite and known nunber of categories. Al other verba
descriptions were coded in a conputer assisted coding process (CAC).

44. The crucial element of CAC process is the query to the coding dictionary.
It can be done by using an already keyed-in verbal descriptions. However,

i mmges of the questionnaires are an input not to be ignored in an ODE system
Keying in verbal descriptions is error prone and noreover, keyed in
description of complicated variables, such as occupati on and econom c
activity, is not effective in CAC process. There is a need to nake a query
with key words rather than the whole manbo junmbo witten in the designated
field. Images of the questionnaire provide the nean to do so in a user-
friendly interface. Coders can nmake a flexible query with words that were not
keyed in or captured in any other data capture node, but rather seen as part
of the image. The savings in keying ternms, done either by keying operator or
by a coder, is enornous.

45. To summarize this point, coding dictionaries as external files should be
used in an altered perception of coding process, once they are used in a
technol ogi cal | y advanced worki ng environnment. Optim zation of the whole data
processing process is the better policy here too, when coding is considered.

46. After the 1995 Census in Israel, a decision was made to use the census as
a source of enmpirical entries to occupations dictionary, to be used for
automati c coding. One may think that the decision not to key-in the census
entries during the data capture process has been wrong. However, the stored

i mages of the questionnaires in the optical archive and the ASCI| val ues of
the rel evant codes open the possibility to plan a parsinmonious process. A
gquery with a numeric code to the optical archive will result in a
presentation of groups of images (using image-tailoring technol ogy) that were
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coded by the same code. The followi ng activity should be keying-in unique
descriptions, neaning that fromall imges of verbal descriptions that were
coded by the same nuneric code, only feww ||l be keyed in. Never keying tw ce

two descriptions that use the same word or conbi nati on of words ensures
having all unique descriptions with a relatively |ow keying investnment. In
this case again, inmages that can be cut and pasted change the perception
toward a selective data capture process.

The Questionnaire and the ODE System

47. The questions to be asked and their order were the only attributes of the
guestionnaire that were not affected by the decision to have an ODE system

All other features were stipulated by the system s abilities and

disabilities.

Paper texture - The way the fibers of the paper are woven, warp and woof or
only one way, influence the ink absorption (into a single spot vs. spread
in an area) and therefore the readability of the witten val ues.

Paper thickness - Too thin paper causes two nmain probl ens; double feeding
during scanning and a | ot of OCR noi se caused by the transparency of the
paper. The OCR “sees” the characters that are witten on the other side
of the page. Too thick paper is too heavy to carry by the enumerator
needs more space in the boxes transferred fromthe field to the data
capture site and; jans in the scanner's feeder

Ink density - The preprinted characters have to be clearly seen on one side
of the page. If they are to be read by the respondents they should be
clear to them If they are to be identified by the OCR they should be
readabl e by the machi ne.

Colors - Colors are used for different features in the questionnaire; there
are background colors, colors of text characters to be read by the
respondents and colors of characters intended to be read by the optica
reader.

48. On the one hand, it is preferable to use transparent colors (or non at
all) all over the questionnaire, except for the characters and marks intended
to be read by either the respondents or the OCR Conputer resources are
always limted. If the inage of a full page is to be stored, the nunber of

pi xel s captured may anount to many nmegabytes, cause storage problenms and may
conplicate the flow of information within the system On the other hand,
colors have to be used since the questions have to be clear and
under st andabl e and the questionnaire has to be appealing to the person who
fill it in, especially if it is in a self-enuneration process.

Nunmber of pages - Optical scanning of only one side of a page is problematic
since doubl e feeding cannot be automatically detected. A control process
can be effectively activated if there is a second scanning of the other
side of the page i.e. two sides of one page are necessary for scanning
control. If there is a need to use several pages for one unit, each side
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of a page has to have identifying variables. One should take into
consideration the fact that nany pages nean a higher potential to err. It
prol ongs the scanning process because of the nunber of scanning needed,
and may al so prolong the editing that comes to identify all structura
units of the census file (questionnaire, household etc.).

Organi zati on of the pages - Scanning has to be done on each page separately.
It means that the questionnaire has to either include separate pages or
to include joined pages that have to be separated before scanning. In the
first case, there are problems of |oosing pages, giving pages of
di fferent questionnaires to one househol d, using pages of the sane
guestionnaire to different households. In the second case, person power
has to be allocated for cutting and rearrangi ng the questionnaires for
scanni ng. The pages have to be cut well in advance in order to avoid dust
in the scanners, since dust damages the scanner and al so garbles the
optical recognition. The margins have to be w de enough to be cut wi thout
ruining the witten answers.

Graphics - There is a couple of reasons to design the graphics of the census
guestionnaire; to make it clear to the respondent, to support scanning
process and to facilitate the optical character recognition (COCR).

49. Respondents have to identify the beginning and the end of a question, the
fl ow of the questions, the spaces to be filled in, the places allocated for
each person in the househol d.

50. As for scanning support, lines or frames drawn on each page serve for the
al i gnment of the page, which is essential for opening wi ndows for optica
recognition in the exact | ocations on the imge of the questionnaire. It is

al so inportant to align each page for exact tenplate drop out. Here again, if
the preprinted questions and marks are kept even partially, conputer

resources are wasted.

51. Since OCR is activated in pre defined fields, there is also a need to
wel | define the boundaries of the recognition wi ndow, opened for the process.
This wi ndow has to be flexible (the field + agreeable margins), in case
peopl e erase an answer and wite above or under it, but it also have to be

di stingui shed fromthe neighboring field. It nmeans that the spaces between
fields on the questionnaire have to be w de enough for a flexible OCR but not
too wide in a way that it increases the nunber of pages needed for each
guestionnaire.

Cl osed Questions - It is nuch easier for an optical reader to identify a mark
than a character. It is easier and nore reliable to find out that
something is witten than what is exactly witten. Wen planning for an
optical system it is worthwhile to close as many questions as possible
wi t hout hanpering their exhaustiveness and reliability.

Use of Preprinted Fields - When marks are not suitable, OCR can cope better
with pre defined shapes of characters. Preprinted characters in defined
font and size present a relatively small probability to err. Therefore,
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it is preferred to print any previously known variabl e. For exanple,
guestionnaire nunber, nunber of page, number of record. At times, it is
preferred to print the values on adhesive | abels, since its use is

stipul ated by unpredictable factors. For exanple, a nunmber used to
conbi ne two questionnaires for one household, should be printed on a

| abel because its use is found out during the enuneration process and not
before it. Enunmeration area nunber can be preprinted on the questionnaire
but it leads to a waste of questionnaires that were not used in the

desi gnat ed enuneration area. Personal |ID nunber on an adhesive | abel wll
be attached to the questionnaire if the person has been found in the
expected address, etc.

Addi ng “Systenf Variables - The need to identify each physical and | ogica
unit is nore intensified in a conputerized working environment. In the
ODE system vari abl es added to define one page (for the right drop off
and OCR processes), two sides of the sane page, all pages of the sane
guestionnaire, all questionnaires of the sane household, all househol ds
in same enuneration area and all parts of each individual record.

Fill-in Instructions - In a tinme of growing reluctance to cooperate with
census takers, questionnaires have to be clear and fill-in instructions
have to be sinple and not too many. The burden of adjusting the
guestionnaire to an optical reading systemhas to be the census bureaus’

responsibility and not the respondents’. If interviews by an enunerator
are the way the census is conducted, instructions can be extended. The
deci si on whether to use capital or free-flow letters when filling in the

guestionnaire is a derivative of the enunerators and respondents
cooperation. Capital letters contribute to the optical recognition
ability and reliability, but witing capital letters requires nore tine
and sel f-discipline. Hence, when it is reasonable to expect to receive
the answers in the desired capital letters, it is worthwhile to ask for
it. When the requirenent to fill in the questionnaire with capita

| etters can further hanper the cooperation with the respondents, planners
have to find a different strategy.

52. Cooperation, discipline and the way people are witing are culture
dependent, and thus have to be deci ded upon locally and not as a gl oba
decision. In the Israeli case, the expectation of getting answers in capita
letters is not realistic, however, the Hebrew | anguage is witten in separate
letters and can be identified easier than English. In the 1995 Census,

al phabetical letters were not identified by the OCR at all, because of a
negati ve cost-benefit analysis, yet, free flow nuneric characters were.

Concl udi ng Remar ks

53. Qur conclusion is that the optimal way to recruit new technol ogies for
census purposes is by rethinking and re-enunci ati ng census processes and

i nternedi ate obj ectives. New technol ogi es have al ready proved, and wil|
probably prove again in the com ng censuses, to be effective and beneficia
to census processes, utilization of resources and to the quality of census
products.
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54. However, non of the new technol ogi es can be automatically adopted,

wi t hout ongoi ng quality checks and adjustments to ensure the required quality
| evel . Continuous quality control throughout the process is a must that can
be relatively easy to acconplish in an inmage-ASClI| working environment.

55. Computerization of processes allows for a trenmendous reduction of human
i nvol venent, yet machine is not a full substitute of people. Sone of the
census tasks are to be handled in a human-nmachine interface, usually in a
comput er - assi sted procedure.

56. The future may hold the seeds of new technol ogi cal devel opments. However,
there are still technol ogical inprovenents to be made in census planning,

usi ng existing technol ogi es. The nobst prom nent one is the integration of
addi ti onal census processes, starting fromdata collection up to the
preparati on of census products, in these advanced technol ogi cal systems. The
ODE system that has been devel oped for the Israeli 1995 Census, ainmed to

i nclude data capture tasks. However, its characteristics had a positive

i nfluence on census field-wrk performed before, and on data-processi ng and
dat a- anal ysis perforned after data capture. A systematic and careful planning
of an integrated systemw || further enhance the possibilities to exploit the
potential of the already avail able technol ogi cal tools.

57. Further information regarding the ODE System used for the 1995 Census of
Popul ati on and Housing in Israel, see in the follow ng publications:

Blum divia “Editing Definition and Operation in the Optical Data Entry
System (ODE) of the 1995 Census of Population in Israel”. Working paper No.
48. SCECE Work Session on Statistical Data Editing. Athens. Nov. 1995.

Blum Qivia “Evaluation of Data-Editing Using Adm nistrative Records”.
Wor ki ng paper No. 16 SCECE Wbrk Session on Statistical Data Editing. Prague.
Cct. 1997.

Blum divia & Eliahu Ben-Mshe “Aut omat ed Record Linkage and Editing:
Essential Supporting Conponents in Data Capture Process”. In Statistica
Policy Working Paper No. 25. Data Editing Wrkshop and Exposition. Executive
Ofice of the President of the United States. Washington DC. December 1996.

Nat han Gad & Israel G vol “The ODE (Optical Data Entry) Experience in
I srael”. Paper presented at InterCasic ‘96, San Antoni o, Texas. Decenber
1996.

The foll owi ng papers were published in New Technol ogies for the 2000 Census
Round. Euro-Mediterranean Wrkshop in Israel. March 1997:

Blum divia “The ODE System Logical Structure and Guiding Principles”.
Blum divia * Keying Mdule”.

Blum Qivia “Editing and Codi ng Mddul e”

G vol, Israel “The ODE System Technol ogy and Human Engi neeri ng.
Kagan, Oren “The World of Scanning”
Khomenko, Yuri “ODE Tel ecomputing Systens”.

Yi t zhaki, Ruhanma “The Operational System of the ODE”



