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INTR2ODUCTION

1. Sampling haz 3 role in population'and housing censuses both as an
integral part of the planning, execution, analysis and evaluation of the
census and through the use of *the census as a sampling frame for
subsequent sample inquiries. The Gsnsus.may be the only frame for
subsequent sampling in mony countries which bave neither good maps,
village lists, lists of living quariers, a regigter of population, nor

& register of houssholds. The %wo aspects of the use of sampling in

populatioch and housing cwnsuses are discussed in Parts One and Two below. .

P g
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PART ONE. SAMPLING AS AN INTEGRAL PART OF THE CENSUS

24 The rapidly growing needs for extensive and reliable demographic
data in most countries have made the modemrn census of population an
undertaking of gréaf magnitude. Censuses are expensive and if all such
needs were to be met through compl ete enumeration, the cost, time and .
organization requlred would probably place a serious strain on the
resources avallable for census—taklng in & particular country. To lower.
the cost and trouble of census—taking and at the same time to obtain the .
maxlmum amount of data of the best possible gquality, sampling methods
can be succeasfully 1ntrodu09d in conjunction with census work proper,
thus enabllng oountrles in different stages of statistiocal development
to embark on census programmes adapted to their respective needs and

capacities.

3. Depending on the types of problem %o be tackled, a country may
consider applying sampling methods in one or more of the following

phases of a population census: (a) tests of census rrocedures;

(b) enumeration of items in addition to those for whioch universal coverage
is required; (o) post-enumeration field checks; (d) quality control of
data processing; (e) tabulation of provisional results; and (f) tabulation

of additional data and data requlred for special studies.

4 The discussion which immediately follows summarizes the major
advantages and disadvantages of employing sampling methods before,
during or after a census of population. The conditions which determine
the nature and extent of such applications are also included in the

discussion.
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A. Advantages aind disadvanteges of sampling and conditiona

of acceptable sample operations

5

L. Adventages of sampling

8a Reduction in coct

5. A sample operation, as a rule, costs considerably less than a

. complete enumeration. Sampling, through savings in costs, makes it

possible $0 introduce needed improvements in the census without jeopardT
izing the quality of census data. Inasmuch as some expenses are incurr$d
in devising appropriate sample designs and in implementing the schemes,f
it is true in most cases that cost per unit is higher for a sample
operation than for a complete enumeration. However, the number of

unite included in a sample is usually such a small proportion of the
total number of units in the population that the total cost of an
operatlon limited to a sample is only a fraction of the total cost of

the same type of operation carried out for all units.

b. Shorter tims-lag

6. In most countries, including those where tabulating mthines;are.
avallable, tae long interval of time betwecen actual enumeration and
complete publlcatlon of census results impairs their usefulness.. If;
instead, only a sample of Tetums is processed and used for tabulation, .
xﬁheladvance estimatés of basic census items thus obtained would bhe 6f'
éurrenf;ﬁaiidityn A Jerefully execouted gampla operation may make

results évallable %é rapidiy that, in effect, it measures changes whlle
these are taklng place, and in time to be used as bases for admlnlatratﬂve
decisions. The population may be undergoing such changes that a compleﬂe
enumeration, at the time when the data so obtained are tabulated and =
ready for use, may actually present a less accurate picture of the

population than would be presented by a sample.

Te The use of sampling methods to obtain advance results is not

w1thout 1ts drawbacks. These are discussed later.
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Ca Lessened burden of response

8. The burden placed on the public by responding to census guestions
is alleviated when only a sample of the census units is enumerated for

supplenentary gquestions.

de. Lessened demand on manpower and other census Tresources

9. Again this advantage is pertinent when sampling is used for broaden—
ing the scope of the census. If complete enumeration is used to obtain

" the basic census information and supplementary quesiions are asked of -

a sample of population, the census authority finds its task lighter in
terms of reduced volume of units of information to be coded and tabulated,

with the result that less office space and equipment are needed.

10. If a number of census questions are asked on a sample basis, the
field staff needed is considerably less than if answers to all questions
were elicited from everyone'in the population. The result is reduced
demand on manpowsr. Recruitment and training of persomnnel are thereby

made easier and quicker.

.  Higher quality of work and appraisal of reliability

11. Since %the use of sampllng eases the task of recruiting personnel,
it is p0331ble 10 make a carefuu gelection of high grade enumerators and
offioce assistants. Such selection of staff may eventually lead to better
quality of results quite possibly offsetting the sampling errors. This
advantage assumes particular significance when the nature of census
information sought is such that if obtained through complete'enuﬁééatibn

the likelihood of érrors of enumeration and processing is high.

12. Ome of the most 1mportant features of modern sampling is that the
preclslon of the results of a soientifically planned sample inqulry
can be determlned in advance, in the sense that for each figure to be
astimated one can state the probable limits of error of estimation;
This is possible provided information on variances is available — from

a similar earlier enquiry or other sources. This feature enables one
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to design 2 sample survey in accordance with the precision required. for .
the uses that are to be made of the data, or with the precision possiblel
within the range of permissitle costs. In other words, a sample can be

devised which will yield results of maximum precision at a given cost.

13. Reliance can be rlaced on results obtained through the use of
sampling methods, not just because these resulis may be consistent with
census and other available statistics, but rather because the sampling
methodé proﬁide some idea of the sampling error in the estimate. In
other words, we could have an idea of the extent to whioch we are llkelyl
tc be in error on an average in estimating the population parameters

from the sample.

l14. In deciding on the rature of the cénsus, and thé extent to which =
its scope should be broadaggd}_;t is important to bear in mind that in
many sivuaiious iv diw yussiulg_bo obtain usable information through
saupling where a complete enumeration would fail on account 6f'grbss
inacouracies of responses and beczuse of incomplete coverage. Suoh
information may profitably be obtained at the same time as the census

for more efflclent gestimation of population values from the sample.

15. The preclslon ol a pronc;la‘dbgﬁgred sample sur 7ey can be determih&d,
after the gurvey is completed, by a statistical examination of the
returns. The final measure of precision is independent of census data 7
obtained otherwiée and is elsgo independent of any assumpiion made in

the planning of the sample concerning the magnitude of population
variates. That is to say, information from some previcua census (such ;
as total population, the number of dwellings units, liferacy) may'havég
been found very useful at the planning stage, particularly if this priox
information is available for small areas. This information may have been
used for gssigning probabilities %0 these areas. The drawing of the
sample and preparation of the final estimates are so executed that thééi
probabilities cancel out. Obsolescence in the prior information is thus

not carried over into the final raaulia.
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f. Refinement of methods

16. An essential feature of planning a sample survey is the attempt to
minimize sampling errors, which in turn forces attention on minimizing
non~-sampling errors, viz., response errors, errors arising from inocomplete
samples, faulty procedures of estimation, errors arising from inadequate
preparation of the questiomnnaire, defective field and office procedurses
and faulty analysis of data. If sample data are carefully interpreted
and oompared with data obtained by complete counts, inadequacies are

often disclosed in complete counts as well as in samples. The ultimate.
benefit of the use of sampling in census work may be a refinement in

both the sampling procedure and in the methods of complete enumeration .

and better interpretation of data.

2. Disadvantages of sampling

Be Posaible dangpr of delay and higher cost of final.rasulta |

17. It is mentioned above that one of the advantages of sampling is.

that it makes possible the saving of cost and time required for tabulat-—
ing final results. However, when only a sample of census retumrns is
processed and tabulated, these advance results have later to be integrated
with'thdse_taﬁulated for the non-sample units to éive the finﬁl reaul ts.
TheseldperétiOns may well inorease the total cost and time of tabulation
beyoﬁd ihat these would be without the épecial tébulation of advance
results. | -

be Burden of response

18. Although asking supplementary questions of only a sauple of popula-
tion may ease the burden on the responding public as a whole; if the

same enumerators ask both the main as well as the supplementary qqeétions,
it may overburden the enumerators and may result in a deteridfatibn‘of'
the guality of énumeratidn of both the main and the supplaméntary o

topios.
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19+ . Furthermore, asking questions which are not asked of all persons

may raise legal, administrative and even political issues insofar as

-oensus’ information is required under statute and under penalty.. .In f#ot,

if only a few persons are to be interviewed for supplementaryatuStio¢s,

~this may well be misunderstood as discriminatory.

20. Sometimes the totallty of supplementary questions is d1v1ded amqmg

‘different samples of the population but in this case %there is one B

ounslderatlon which operates as ‘a’ restraint on the aim to ease the
burden of response. This is the need for cross—tabulation of saveral
sanple factors; such.cross—tabulation can. be done- only for those pers¢ns

in the population who are asked all of the supplenentary questionsi-

o Limitation of coverage

2. If information of a certain type ig needed for every person inihe

.. population, a sample is not-adequate. It is gensrally not possible t¢
-obtain sufficiently accurate estimates for small administrative areis
- through sampling. When population counts of such areas have statutory
. force, .the statutec usually states that the populations should be deter—
. mined by a census, i.e., enumeraticon must be completes Moreover, if

_detailed cross—tabulations are required for regional studies, a complete

enumeration is the only way-to achieve it. It is necessary to point dut

-that increasing the sample size to obtain cross—tabulation nay not offler

the real benefits of sampling, since beyond a certain sample size,
ocomplete enumsration is less expensive and more efficient. The last
argument has special force in the case of countries whose total popul&—
tions are small.

Tde Séﬁbling errors

22.. Eatlmated results, especlally prellmlnary estimates, based orn, .
samples are subject to sampling errors in addition to whatever errors
may be present in data based on a complete operation and this 1naccurapy

limits the use of these estimates for certain rurposes.
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23, It unfortunately happens in applications of sampling to demographioc
data, in which variability in the size of ganpling unite tends to be
large, that, even using the most efficient methods, the sampling error
of estimation often tends to be too large. This consideration is
aspecially important in connexion with the use of sampling methods for
estimating change. Intercensal changes in certain items (e.g., propor—
 tionate age distributions) are small and it may be difficult to ensure
that the eampling error for the detailed breakdowns desired is of a

lower order of magnitude than the actual change.

24. Although a good sampling design allows sampling errors to be
estimated, such sampling errors are not free from limitations. Pirst,
their computation is somewhat laborious. In certain complex sampling
designs, even when short—cut methods are used, the sampling error -
ecaloulations become very involved. Secondly, they are difficult to
present in a form intelligible to the layman, since they represent only
the spread of the probability distribution of the error due to sampling.
In other words, the sampling error computation provides probable limits
to the magnitude of the error due to sampling; ocontrary to the impression
conveyed to the layman by the expression "estimated sampling error", the
computation does not attempt to estimate the error due to sampling, in
the sense of the actual discrepancy between the sample value and the
population value. The sampling errors are therefore less useful to the

layman than he is sometimes led 1to suppose.

18 Pubilioc confidence

25. Politicians, administratoxs end the gemeral public, under the
mistaken impression that complete censuses are necessarily more reliable
than any other type of inquiry, may lack conviction about the depeﬁd—
ability of the results of sample inquirios. Such prejudices can only

-

be overcome by educational publicity.
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3. Conditiong nf acceptable sample operationsl/

ae. Cost and census resources

26. The question of cost in sampling is of erucial significance; th*rous
factors govern the cost of a sample and it is essential that these beé
‘fully weighed before a decision is made to combine a sample planfwithé
. & oomplete count. One important factor, for instance, is the Bize*an4
complexity of the sample, which in turn is governed by the objectivesl

of the survey and the procedures which are regarded as mosi gfficientq

27., The degree of heterogeneity of the population to be sampled also

has to be borme in mind in calculations of cost. It may be largely urban
or largely rural or a mixture. Costs are particularly high if areas dre
'mountalnous or sparsely populated with meagre transportation faclllt1QB

or 1f there are numerous 1slands to be coversd,

._;28, .Ppccedures used in sampling human populations vary depending on qhe
availability of lists, maps, prior census information on characteristiks
of the population for small areas and the number of householders or tMe
-number of 1nhab1tants l’v1ng within the boundarles, since where such |
1nformat10n exlsts the samp?e operatlons can be relatively 1nexpenalvq
‘and, efflclentu‘ Tt can bo mtatod in general that the hetter the avail~
“'abillty of 1nformat10n on pcgulatlon of small areas, the less expen51vb
the sample requlred to:yleld the desired precision. In addition, the
'prior 1nformat10n nepd not necessarlly be very accurate or upwto—date.
Inaccuracles in +the prlor information are not carried into the final
‘estlmates of popuTatlon valuesn Anclllary information related to, sample
subaeots may be used gither at the sampling stage or at the stage of :
Jﬁ?estlmatlon - 1n the latter case by allowing more acocurate estimates-

based on regress1on and Tatio methods.,

29. Sample operations have to be conducted under the direction of a

competent statistician who is conversant with both the theory of sampl#ng

1/ The discussion in paragraphs 26-41 relates only to purposes (a), (b)
and (¢) enumerated in paragraph 3. o

iR e
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and with the practical difficulties of carrying out surveys. His advice
is indispensable at all stages of the sample procedure, that is from

planning of the sample to estimation of population values.

30. Knowledge of sampling facilitates the effeotive deployment of
available census resources, namely equipment, experience and personnel;
sampling also furthers the developmenti of new theory required for special

procedures and ciroumsiances.

31. Considerable experience and skill are necessary in devising qﬁestion—
naires and preparing instructions for office and field, particularly

under unusual conditions.

. 32, Field and office staff have to be adequately trained and supervised.
It is sssential to ensure that the field staff thoroughly understand the
field instructions before being assigned to the field. Instructions and
reco:@g of procedures used in previous censuses are helpful, especially

. 1f these were critically evaluated soon after use.

33. Bufficient attention mist be paid to tabulation procedures. The
methods used for arriving at estimates of population values from the
sample depend on the tabulating equipment that is available or 6ﬁ.the

- capabilities of the office staff if the work is done by haﬂd. Further-

. more, the choice of the sample design itself is to some extent céndi?
tioned by the procedures that are to be used in tabulation. For exampls,
. if tabulations are carried out by hand, this may well ocall for the
inelusion in the sample design of uniform sampling fractions over all

. areas in order to avoid involved computations and possibilities of
errors. Moreover, hand tabulation is satisfactory for countlng in broad

classes, but not suitable for detailed oross-tabulations.

b Precision

34. A'nécessary feature of an acceptable sample plan is a statemeni of
%He precision desired in the sample estimates. The higher the precisiom,
the larger and/or the more complex the sample, and hence the more

expenaive.
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35. It was méntioned earlier that in a scientifically designed sample
plan, anticipated sampling errors can be computed fairly closely in :
advance prov1ded there is sone prlor xnowledge of variances. Whers thib
condltlon 1s met the size and type of sample may be planned in relatlon
to the preclslon desired and the Permissible cost. It happens in the .
case of certaln developlng countries, that cost is of less interest tham
avallable labour force and, in sampling of human populations, the aim .
would be to secure specified precision, or even maximum precision, for ?
‘glven 1abour resources. For sucoessful execution of a scientifically E

| designed sample plan, it is essential that strict selection procedures :
are followed. The procedures must be such that a probabllity is assigned
10 every unit in the sampling population. These probabilities are needéd
for estlmatlng population values and for calculating the precision of :
these estlmatesf A further requirement of good selection procedures is:
that théSg must be simple and direct so that deviations from prescribed:

standards or instructions can be held to a minimum.

36. The problem of specifying the intended precision of gsample results
and its translation into statistical terms does not present any apecial;
difficulty when only one characteristic is 1o be estimated. It is ﬁsﬁaﬂ
to specify the desired value of the coefficient of variation of the
estimate. When, however, more than one characteristic is to be estimatéd,
as is generally the case in most applications of sampling to censuses of
populaticn, tpe_problem of specifying in advance the ageuracy. required
in the, diffaieht estimates needs more scrutiny. One method sometimes
ad0pted is to sp901fy that the ; ercentage errors of individual eatlmataﬂ
ghould not exceed certain limits. In this case, however, there is a _
certaln amount of arbltrarlness in the choice of the permissible marginﬁ
of error, and it is therefore important to examine, with a view to
reduoing costs, how the permissible set of intended percentage errors
could be altered w1thout serlously impairing the value of the estlmates.
Thia- dlfflculty may be partlally removed 1f, instead of ‘setting upper

limits to the d931red preclslons of the separate estlmates, a sultably
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defined over-all measure of preclslon 1s employed to specify the

rellablllty aimed at.

37+ An over-all measure of precision is needed for another important
reason. The entries in wvarious cells of a sample table (e.g., age~-sex-
marital status table) are not mutually independent and as a result tha
Percentage standard errors of the separate estimates may not adequately
reflect the accuracy of the sample table as a whole., In any case, even
if the percentage standard errors in the various cells are known, it is
difficult to comprehend fairly accurately the degree of over—all accuracy
of the sample table.

¢. Sampling frame and sample units

38. The selection of sample units has to be made from some kind of &
complete list of these units, namely the sampling frame~ The sampling
frame may be a list of small areas, structures, households, people or
groups of households. Before a sample selection is undertaken it is
necessary to ensure that the sampling frame is free from such defects
as'ihaqcuracy, inocompleteness, duplication, inadequacy and obsolescence.
Emphaéis should be laid at thié point on the importance of bringing the
frame up to fhe date of the'sample ingquiry, if such an inquiry is

‘ conducted follow1ng the censug. Otherwise the inguiry results would he
biased.

39..  If a miti-stage 3ample design is decided on, the specification of
the sample unit to be used at any stage depends not only on what is '
deairable but on the maps and information whioh are available from
previous censuses. Also, at any stage, sub-—frames are required only

for the sample units selected at the previous stage.

40, Because basic census conditions differ in dlfferent countrles, 1t |
is difficult to lay down any genheral rules oconcerning the choice of
sample units employed at various stages of a multl—stage sample d651gn.p
ITn most African countrles it may be assumed that any sample fleld .

operation in relation to a census is llkely to be based on a 81ngle
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-8tage sample of -areas. Such area units ghould preferably be approxi-
mately equal in population and an estimate of the population of each
unit should preferably bs available. Census enusneration areas are

often convenient units for this purpose.

4l. This topic is discussed in greater detail in the final section
of this paper in connexion with "The census as a basis for subsequent

sample inquiries."

B. Tesis of census procedures

42, In plannlng a census, preliminary decisions are required in respect'
of altennatlve procedures in various aspects of the design and conduct
of the operatlon. These.decisions can then be tested by condueting a
sample 1nqu1ry, and in most instances the optimum solution can be found _
with a hlgh degree of precision. Such procedures facilitate a more |
deslrable allocatlon of available census resources than is possible |
otherwlae.and thus enable a country to undertake a Gensus Drogramnme
adapted to its needs and capacities. '

43. Though testing of every aspect of the census plan is deslrable

in principle, samples of Particular interest in Africa are prov1ded by _
tests relating to (a) questionnaire content and forma,t (errors of I'espomse |
in residence status, age, literacy, wording and arrangement of questlons,
etc.); (b) size of field staff and related costs (performance rates in
field interviews, transport requirements); (o) field organization and
control.

44. The nature and extent of census testing depend on t}ie experience
which is available from previous censuses Or other sources. In countrles
which expect to expand the scope of their censuses rather substantlally
in relation to their previous Censuses exitensive pre-testing may be
necessary. This may warrant a broad experimental approach to the antlre
census plan. Sampling, since it offers a Scientific basis for suoh an
approach, can make a valuable contribution towards providing rellable
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answers 10 a number of quesiions with regard to the plan. In particular, .
when previous information is not available, it is often worthwhile to
organize a pilot survey %o obtain an estimate of varlablllty of the _

important characteristics under study.

45. In housing censuses, the general lack of priof ﬁousing statietics.”
makes it difficult to assess in advance the varlablllty of the statlstlcal
material to be investigated and also the quality of the 1nterv1ewers.
Therefors, there is ucually a need to obtain an idea of these factors

by means of an 1nten81ve PllOu survey«

46. When carrylng out census tesis, it is well to,remember that one
does not always have to use probablllty sampling. . Nen-random or purposive
samples may be ueed where, for testing the effectiveness of a projected
course of actlon, it is not necessary to base the final deoision on any
quantltatlve measures derlved from data obtained by means.of the test,
and partlcularly where the biases introduced are not of very great -
91gn1flcance for.the probleme 1nVest1gated. On the other hand, when:
quantltatlve measures are needed for comparing efficiaencies of different:
fields procedures (for instance; in examining the anticipated response
errors arising from enume"aulng the de facto as onposed to the de gure
population or -from different ~y°+oms oi obtalnlng reports of age)
probability samﬁifng must 1‘e ueed. B

Co Enumeratlon of Jtrms in addltlon to thoee for whlch

" universal ccver@ge is ‘equlred

47. As mentioned earlier, the rapldly growing needs in a number of o
countries for extensive and reliable demographlc and hou31ng data hava N
made sampling methods a very desirable adaunct of any complete census. N
Sampling has been uesed in several countrles for broadenlng the scope of ,
the census by asking a number of quesﬁlons of only a sample of populatlon.
Modem experience in the use of ﬂampllng technlques has conflrmed that

it is not necesaary to gather all demographlc and hou31ng 1nformat1cn

on a complete- ba51s- the use of sampllng ac*ually saves a good deal of

time and money and furthermore, under certain ciroumstances, the sampling
approach alone ensures data of acceptable acouracy.

-mr
B



MBI R el R et

ST/STAT/23
Page 15

'48. An important limiting consideration (already briefly mentioned)
which should be borne in mind is the following: Complete counts of theé
population are taken for granted in most decennial censuses. -Bagic ;
legislation in some countries requires that the size of the populationé
be obtained as a complete count, In addition to the legal requirements,
‘the uses to which population counts are put are so vital that even :
trivial errors can have important effects on policy and admlnlstratlonm
Moat importantly, population counts are often used for legislative ‘:
apportionment. In addition, during the decade between censuses, large !
anounts of central (or federal) and provincial funds are distributed

on the basie of the population distributions.

49, 1In analyzing the effects of u51ng samples, it is wrong to conaldeﬁ
complete counts as being without error and differences between - completﬂ
counts and samples as reflecting differences between truth and approxlmp-
tiom. It is now generally recognized that in the field of economic and
social statistics perfection is unattainable. Statistics on these
subjects can be obtained only with various degress of approximation
because of the complexity of the definitions involved and nature of the:
data~collection process. Furtherrore, census data are normally used
for a period of ten or more years,; and the users either treat census
distributions as if they were constant over time or extrapolate the
results, frequently on the basis of limited information. Superimposed
on this is the fact that census data are frequently included in analyse¢
in which the census definitions are not .exactly what the users want,

but come close to it, and the census is the only source of related

information.

50. Hesponse to supplementary questions may be obtained by one of two :
different methods. Either the same enumerators may ask the supplemeniary
questions or especially traired enumerators may be engaged for anumeratﬂng
the sample.

51. An important case of the second method; namely the use of espeozalqy
trained enumerators for the sample, is the "build-in sample", in whieh

e T e e . R AP SRR T « L e oy sres e et e



S1/STAT/23
Page 16

a sample of areas is covered by a specially trained corps of enumerators
at the same time as the census, using a more detailed questionnaire.
This operation replaces the census in the sampled areas. This method
has certain advantages over the first altemative: namely, (a) it avoids
biased sampling by the enumerator, (b) the enumerator's task is kept as
simple as poseible and (c¢) since only a small number of enumerators are
Jirained with the additional questions,; the guality of work is generally
high.- The build~in method is known to be cheap (generally more so than
the PES method mentioned in paragraph 66). Indeed, the cost advantage
of this method could approximately be. the same as in the first alternative.
Built-in samples do not, however, provide the check available from the

PES method, except at a total level (see paragraph 66).

52. Field staff for sampling in connexion with a housing census is

.. often required to compile detailed information from the respondents, '

and .may have to make subjective decisions t0 place a respondent's answer
under the correct category. For this reason, sampling field staff is
required to be of high calibre, well trained and preferably with prior
experience and/or knowledge with regard to housing statistics. Because
housing censuses often take place in conjunction with population censuses,
the 8cope of the housing data to be collected may have to be limited by

the quality of the interviewers.

53+ The suitability of particular questions for a sample enumeration
“‘depends on the ﬁrecision with which results are needed for small areas,
population groups or groups of living guarters and on the enumeration
costs involved. It is quite possible that certain information, available
for larger groups, may be required for small marginal groups for some
future research, the need for which could not be foreseen at the time
of the sample enumeration.  This consideration limits the usefulness of
a sample enumeration to some extent, even though information needed
immediately oan be provided with adequate precision. Account has also
.to be taken of the desirability of having resulis of high precision on

basic items for areas of various sizes; as those results serve as
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benchmarka for numerous inquiries. In fact, it is widely recognized
that a simple complete census, even of imperfect quality, almest always

oconstiitutes the best basis for a sample inquiry.

H4. The sampling errors of estimates of population values derived frdm
sample enumeration can be kept low if use is made of certain related
values obtained independently through complete enumeration made in the

same cCensus, since it then becomes posgsible to use the more accurate

regression method or ratio method of estimation.

55. The technique of two-phase samplingg/can be effectively used in .
sample enumeration when the cost and accuracy conditions cannot be %
simultanecusly satisfied for single-phase sampling. Suppose it is |
desired to assess the rate of literacy by using an objective test, uh#oh
is t0 be administered to one individual at a time. This requires a :
lengthy interview and enumerators must be specially trained in the usg
of the test. Since the total cost of sample enumeration must be haldé
within the amount allocated for it, the data must be secured from a ;
small sample of the population. However, it may be that within thaaeé
cost limits it is not possible to select a sample which would in itsellf
yield sufficient acocuracy. Now suppose the variate is known to be |

- reasonably highly correlated with a second variate (e.g. 5 or more years
attendance at school), which can be determined much more rapidly and ajt
low cost per head. Since a very accurate sstimate of the second variﬁte
can be secured at relatively small expense, and since for any given
value of it, the variance of the original variate will be smaller than
it is in the whole population, & more accurate estimate of the originah
variate may be obtained for the same total expenditure by conducting |
the sampling in two phases. The first phase is 1o secure data for the
second variate only, from a relatively large sample of the population

in order to obtain an accurate eztimate of the distribution of this

2/ If certain items of information are collected from the whole of the
units of a sample and other items of information from a sub~-sample !
of these units, the procedure is termed two—phase sampling. '
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variate. At the second plase two methods are available. One method is
to divide the first-phase sample, as in stratified sampling; into classes .
or strata according to the value of the second variate and to draw at

random from each of the strata a small sample for the costly 1ntenalve

.1nterv1ew1ng necessary to secure data regardlng the first varlate. A

second method, which is simpler and generally preferred, ia to draw the
second-phase sub-sample without any stratification and to make use of
the first-phase sample only at the estimation stage. thls is done by
raising by the ratio total of second variate in firsi-phase aamgle to
total of second variate in second-phase gample. An estimate of the first

variate based on either of these methods will be more accurate than ome

based on an equally expensive unrestricted single-phase sampla.

D. Post -~ enumeration field checks

56. As the scope of the modern census is ever 1ncreaslng with tlme, the
problem of attaining census data of high quality is becoming both more
1mportant and more difficult. In the present state of census practioe,

‘no’ procedure is yet available which can keep the census enumeration

entirely free from errors. However, in order that census data can be

put to practical use, One should a.t'tempt o ~ensure that depar‘hu;r.‘e from

:accuracy does not exceed reasonable linits.

57, Census ~enumeration, as it extends to every census unit in the

populatlon and may involve numerous questions, cannot be completely
ehecked since the cost of complete re—enumeration would be prohibitive
end the_burden of response imposed on the public excessive. One way of
finding out the types and magnitudes of errors in the census enumeration
is the regenumeration of samples of census units for certain questions,
as soon as possible after the cansus day. Another method but seldom:
applioable in Africa, is 10 compare samples of census questionnaires:

with records known to be reliable, e.g., v1ta1 reglstratlon documente

=

S in aome countrles.
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“58.  The introduction of modern sampling methods has brought sbout a |
change in the attitude towards census taking. Until recently, the aim
“'was to produce census results of the best possible quality, without -
' special attention being given to the question of the level of desirable
adouracy and to whait extent the added cost of increasing accuracy was
justified by the final uses. When post-enumeration sample BUIrVeys are
“Uged for assessing modein censuses, the census results are evalusated
not 'so much from the view-point of attaining the highest possible -
aéc&facy”pgglgg as they are on the principle of determining the level
of:abéUracy that is optimum by balancing the losses due to errors against

theé costs of greater accuracy.

59;‘ Post—enumeratlon fleld checks serve two principal purposes. The
one 13 to inform users of data about the accuracy attached to oensus
flgures and the other is to aid census offlolals in the 1mprovemant of

subsequent censuses. Insofar as the checks serve the latter purpose,

"the task of testing subsequent censuses on'an experlmental basis is :
greatly eased. : o é

60. As mentioned earlier under section B, "Census tests", one need

use probability sampling only when precise gquantitative measures are .
required for appraising the census data (fur instance, in determigingé
the amount of under— or over—enumeration) with the best poasible |
relia.bility° Non probablllby or purp031Ve samples may be used where
quantltatlve measures derlved from the sample data are not of cru01al
importance, e.g. for testing the effect1Veness of a certain oensus _ |
prooedures and partlcularly Where the biases introduced by the re-
euumeratlon sample design are not of great significance for the problqma
1nvest1gated. However, while deciding between a probability or a
purposive sample, it is well to keep in view the requiramants of futuﬂe
demographic or housing inquiries 1nclud1ng the next census, since a
probability sample, although it may be more sXpenaive 1n.the-short-terﬁ
may well provide a scientific and continuing basis for future invaatigp—
tions of a related nature.
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61. Where .oatimates derived from sample results are used. to determlne
quantitative inaccuracies in census information, the estimates should be
etated_adong_W;tn‘thelr,eamplang srrors, 8o that the two components of
. deviation. (sampling error and bias) can be correctly interpreted. Every
attempt should. be made to obtain the best value of the sanpling error
..and for this reason thse estimates of the pertinent variances and. covar-
iances should be carefully evaluated. The usual practice in developed
countries is to state in advance the pr901310n to be desired in those

estimates which are regarded as the moet 1mportant poet-enumeration

 checks and then :to choose the sample deelgn whlch would cogt leaet.

Sometimes, estimating sampling errors for every sample estlmate is 3
exoessiVely expenelve, in this case, one can obtain sampling errors for
a few important estimates and use theee as benchmarks for maklng
approxlmate estlmates of errors affecting other eample data by meane of

some 31mp1e error law.

62, Quality of census data may be adversely affected by the follow1ng

two faoctors:

(1) content errors,

(2) errors in coverage.

63. The checks instituted to discover these errors are known as

"content check"™ and "coverage check® respectively.

64. Content errore comprise errors in reepondent's answers, biases and
errore on the part of the 1nterv1ewer and those ardslng from imperfectiun
in the de31gn of the questlonnaare. The content errors are ueually
_eubaected to crltlcal ceneue tests preceding the actual census by
mconductlng experlments under census conditions, but experience has

shown that post—enumeratlon field checks are necessary to determlne ‘the

nature and extent of such errors in the ceneue enumeration.

65. Special precautions are generally taken in order to limit Te-
enumeration errors in the collection of information from the sample

gselected for the post—enumeration field checks. The check is conducted
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ag olose as possible to the date of the original census, using for the
re-enumeration the best available personnel (either the supervisors or
the best enumerators from the cemsus). The advantages of short time
interval are: there will have been a minimal movement of population,
respandents will still have fresh in mind the information as of the date;
of the census, and the public will be preparsd to co-operate with the
new inquiry because they have not forgoiten the publicity and other
activities connected with the census. The best of the Bupervisors and
enumerators from the regular census are selected to serve on the post
enumeration field check; they receive intensive training and are
remunerated on a basis allowing them ample time to obtain valid replies.

When necessary, their work is verified by cross—checks with other elemant%

of information. Objective tests (of literacy for example) are sometimes
used instead of questions when 1t is thought that questioning will not |
Yield reliable information. 1t is important to use as respondents
reaponsible persons, preferably the head of the household or the indi-
viduals ébout whom the questions are askad, even 1f this means repeat
visits. It is necessary to use a carefully designed questionnaire, with

clear instructions to elicit the most exact responses.

66, Normally the use of the post enumeration survey (PES) method, with
apecially trained enumerators,; should be preferred to allowing the
regular census enumeraiors to select thelr own sample of households as
they go along. The PES has the following advantages over the latter:
(a) it avoids biased sampling bty the enumerator, (b) the enumerator's
task is kept as simple as possible, (c¢) since only a small number of
enumerators are trainaed with the additional guestions, the quality of
work is generally high and (d) it can combine a case-by—case check of |
the census with the role of collecting additional informatiom. However,f
the PES method is expensive (generally more 8o than the built-in method

mentioned in paragraph 51).

67. . To accomplish its purpose, a true post—enumeration field check,
particularly one instituted to check coverage errors, should meat three

separate requirements; namely,
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(1) it should be independent of the original census;

" (2) it should be representative of the whole country and of all

population groups;

(3) it should involve one—-to-one matching of records to produce

an identical group from each investigation.

68. To achieve independence in the post~snumeration field check the
ultimate sampling uniis for re—enumeration should be clearly defined and
opsrationally convenient geographic¢ areas. The sampling units for re—
enumeration should be selected not from a list of housing units, house~
holds or names enumerated at the census being evaluated, but from a
comprehensive frame consisting of geographic area units, preferably the
enumeration districts used in the original census, the probable popula-
tion-gize of which is already known and within which every housshold will

be re—enumerated.

69. DRepresentativeness in respect of the whole geographic area and of
all population groups calls for the posi-enumeration field check to be
carried out in a well designed probability area sample, small enough to
hold down the cost but large enough t6 give at least an evaluation of the
enumeration in the -country as a whole and in its major civil divisions,
since determination of gquantitative measures of under— and over-enumeration
is one of tha‘important objectives of the procedure. Should there be
suspicion of great regional variability in the quality of enumeration,

a 100 per cent re-enumeration in the areas suspected of large errors might
have to be carried out separately, but results of such intensive checks .
might then be combined with those of a sample of the rest of the country

to evaluate over-all accuracy-

T70." The one~to—one matching of census schedules to post—enumeration Tield
check schedules is the essence of the re-interview method of census '
evaluation. However, since & typical post enumeration sample is likely

to run into several hundreds of thousands, a complete one—to—one:matohing

for such a sample is virtually inconceivable. Therefore, it might be
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desirable to consider the possibility of such one—to-one matching on a
subsanpling basis. There are however difficulties in name—fofname

matching in any oountry and in cultures where names lack uniqueness it

. o
may be practically impossible. Even identification of living quarters

and the household may be difficult in those parts of the world where
street names and house numbers are practically non-existent. Nevertheleés,
81noe the efficacy of the post~enumeration field check as a remedial i
measure in census taking rests on the identification of errors and thalrl
correction, comparisons must be made on a one~to—one bhasis to the degree|
pOEBlble. Naturally, comparison can bs made between gross numbers
enumerated in various parts of the country and among various Segmen ts ofi
the pqpulation with corresponding persons counted in another survey but ?
thelﬁossibility of compensating errors might invalidate some. conclusions!
based on evidence derived in this way. Moreover, one~to-one matshing of?
schedules aide in the analysis of the types of error by various popula~ |
tion groups, thereby making it possible to improve future census '
methodology.

E. Quality conirol of data_procesging

Tl. It was mentioned in the previous asection that the quality aapedt ofi
census data has of recent years eome to the forefront of cemsus problomsq
This statement is even more valid in the case of mass-processing opera- |
tiona of a census. Whereas the prev1ous diseussion centred on detecting
the sources and sizeés of errors in census enumeration, the present
discussion concerns the use of sampling for measuring and controlling th¢
- quality of census processing operations. These include the editing of :
questionnaires, their coding, the recording of data on punched cards (or
tape production) and their verification, some computations (rates, etc.):
and the tabulation of figures, Even in a ocountry of medium populgtion |
size, these operations involve millions of questionnaires and cards and

a far greater number of columns of figures and perforations.
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T72. TUnder appropriate conditions, sample inspections and in particular
quality control techniques make it possible to control effectively and
sconomically the quality of census data prodgssing and it is no longer
necessary or expedient to locate and:correcx substantially all processing

errors by carrying out each operation a second time by way of verification.

- 13« The magnitude of processing operations of a modern census and their
nass execution make it impossible in practice 1o achieve ddmplete accuracy
in: census results. EBven if it were possible to eliminate all unambiguous
errors after several complete reviews of each operation, there are élwayé
cartain characteristics which are so difficult to elassify that even two
exXperts may not agree on the proper code or enumerator!s entry. Such
considerations suggest the adoption of statistical methods of the type
used for controliing the quality of mass-production in industfy. This
coursge:results.in & -much-lower census cost than if the control had beén
performed on a'complete basis. MNoreover, it is in any case not justifiéd
to inorease the processing costs of a census beyond a certain point for
improving the acouracy of census results since these will still be ‘
affected by defects in the enumeration {e.g.; incompleteness of enumera-
tion and response errors,”eiq.) and..other-errors indeperident of processing.
In fget,;¥f the material coming in for provessing is already known to
cgntéin_éeriééé biases, one should exercise extreme caution in deciding
én;ﬁﬁé level Qf:qosj of processing %o improve the over-—all quality of ..
census regul}s. Tﬁe_case for sampling inspeotions of the type used in
in&ﬁéﬁrial.gualipx qoptyql_;aupeianIOGd by the philosophy of not paying
for pqpfectﬁég{’?hiie s8t%ill ensuring the level -of accuracy that is optimum
b& baléﬁpiqg the lqsses.due;tq errors against the cost of greater accuracy.
In thig‘gqnnex;on one important consideration may be mentioned as guiding
in the decision on the optimum method of quality control. When final
tabﬁl#iégﬁéﬁﬁre_ig,yiey,‘qtpggyion has 1o be paid to the reliability of
figures m a series of detailed cross—tabulations, especially those
ooncérniﬁé.feiéf;??%xism%}}‘apquAR;_gmall;grqupa.oi.individuals. . Thisg
demands apouraey in swmall lots of data and imposes more stringent oonditions
in the application of statistical methods of quality control than if only

larger areas or groups were t0 be considered.
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T4 In erder to obtain the best results from applying methods of qualiﬁy
control to census processing operationé, it is necessary that certain
prerequisites of an organizational nature are fulfilled. These 1ncluda
the avallablllty of well-trained and reliable clerks and nachine operators,
and the existence of adequate work procedures and discipline and therefpre
of oompetent office management. These same conditions constitute

requirements for carrying out satisfactorily the quality control operatjions

themselves, which form a succession of exactly defined tasks to be executed
rigorously as prescribed. Careful thought should, thersfors, be given Ko
deoidlng to what extent, if at all, statistical methods will be used to
comtrol the quality of the processing of a census. This decision is
particularly delicate to make when there exist urgent problems of‘incrahsing
productivity per clerk through improved office organization, procedures| and
methods of recruitment and remuneration, better work conditions; stabill ty
of employment and provision of more and better equipment. These problehs

are often very acute in the census offices of economically less developpd

countries. Statistical methods of quality control can contribute to th%
solution of these problems by providing useful qualitative data GOncerning
the deficiencies to be remedied and the standards of performances to Bej
established and maintained, and also by reducing the amount of census
processing work through the elimination of verifications by repetition.f
But the introduction of thesé methods can never be a substitute for théé
golution of the fundamental problems of administrative orgénization andé
nanagemnent mentioned above; these methods should not be relied on beforé
an adequate organization is realized. In particular, it would be disastrous
for the processing of a census in a poorly organized office, if the’
substitution of statistical methods of verification for the traditional
ones gave rise, among the census staff, to the obviously unfdunded'belibf
that henceforth errors will not matter very much, since they have been
recognized as being inevitable and will be controlled in any case by the

new scientific methods.

75« Some of the prbcessing errors which are likely to affect results

most seriously are eliminated by verifications independent of the

i £ i . . e SV O P 0 SO Ca e e - e . . . [ T
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ﬁstatistlcal controls. These verlflcatlons include the usual simple
checks on the numbers of documents processed 1n order to avoid the 1055
or misplacement of whole lots, and the mechaniocal editing of 1nformat10n
transferred 1o punched cards Whlch 31multaneously provmdes control over

many types of punchlng erTor.

6. Experlments with statlstlcal methods of quallty control in census
data processing have so far tended to show that it is not practical to
use these methods for emsuring, with the usually desired high level of -
probabilities, that the census results published for any given small
population grouping do not contain processing errors exceeding certain

. limits. This would require inspection rates so high as to make the coat
~of the inspection excessive, and would raise almost. insuperable probl ems
of error record-keeping, tracing and correction. The aim of statistical
._quality control of cenmsus processing is therefore limited primarily to .
ensuring that the frequenoy of errors in the various census processing: .
operations is small enough for corrections to be unnecessary, and
subsidiarily to avoiding the inclusion in the results of those work lots
which are of extremely poor quality. In technical terms, this means

that acceptance sampling techniques are %o be used as a by—product of
process contrql in order to prevent an unusually popor lot from being
ahsorbed in the operation. These conditions can be met with moderate
inspection rates. It is possible with a low sampling fraction to deteck
the ocoasional extremely poor unit of work so that it can be set aside
.and verified completely. The controls bear primarily on the performanas
of individuals. These result in detecting operators whose error rates -
are above certain minimum standards and in removing them from a.particular
type of work (at least until they have been further trained)}, rather than
in rejecting moderately defective work lots for further verification and
correction. Fach individual's performance has t0.be tested at the- .
beginning of the operatibn and thereafter from time to time (e.ge, every
two weeks) since variations over time may be present. If the performanOe
is found to meet 00n51stently the pre-establlshed standards, the 1ots of
work produced by the individual are assumed to contaln few oI Tors, and

are acocepted without further wverification.
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77. The experience of various countries in the application of sampling

~to data processing has pointed to further opportunities for imprbvémenf

of present plane and introduction of new sample controls. Morebver;'%ﬁe
effort to attain better quality of census data in the phase of data
processing has brought into focus the necessity of improving the quality

of work done during the previous phases. In particular, the need for

" -an effective plan to control the quality of enumeration has been

reasognized. As bas been observed in the previous paragraphs, a oonsid#r—

able amount of progress has been achieved in measuring and controlling:

the quality of & census after it has taken place, but to date not enough

. 18 done about controlling quality.at the time of the actual enumeratien.

Conaidg;§¢iqp of these problems would lead to the important question of
integrating quality centrol of procassing vith the quality of work of
the previous pheses.

F. Tabulaiion of provisional results

+: 78« A complete natioral census is a huge underteking pzriticularly whem

“the housing census and the poprlation census are carried out as a combﬂned

operation. Uales: sampling msthods are introduced, several years may

elapge-beyond the-dawe to which the census refers before some of the ™

tabulations of the greatest economic and social interest are published.

This lag may be expecied in countriss which are lavge and which 46 not

‘take censuces regularly and fregquently aond also in the sconomically leas

developed countries wheie wmodern tabulatiocn enuipment m be lacking or
aLp

inefficiently used. This danger is no less ssriovs in countries whers

modern tabulation equipment is available in large quantities, since mosit

,pf the inoreased_qapacity of such equipment has 1o be utilized to meed

heavy additional dewands made by the modern ocensug in those countries.

79« It is natural, therefore, that provisional tabulations should be’
the most frequent avplication of sampling to census work and perhaps the
first one to bs made in many countries. Although it is true that in ﬁb@t

countries enumerators prerare summaries referring 4o the number of livihg
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quarters, the nuuber of persons enumerated and some other basic facts at
the time of snumeration, there is nevertheless a definite need for early
tabulation of some of the results such as the distribution of the
population by age groups or by type of living quarters, employment status,
branches of induetry, etc., which cannot easily be derived from enumerators’
preliminary reports. The need for advance tabulations is evideni even in

a small country which takes censuses of population regularly. It should
.be mentioned at this point that advance sample tabulations can be used

to the best advantage when they are obtained for fairly large areas and

.. for the country as a whole-

- '80." The greatest benefit of using sampling for obtaining a@fﬁnée tabula-
‘tiohs is speed, mince sample results can be accomplished in'bnij‘é. _
fraction of the time nesded to make the same tabulation for alluaenSus
units. As mentioned earlier, in most countries, including those where
tabulating machings are available, the long interval of time between
actual enumeration - complete publicaition of census results impairs
their usefulness. If, instead, only a sample of retums is processed and
;used for tabulation, the advence estimates of the basic census items thus
obtained would be of current validity. A carefully cexecuted sample
operation may meke resulyst avaiiable so rapidly that, in effect, it
measures changes while these are taking place, and in time %0 be used as
bases for administirative deaisions. The population or the housing
aituation may be undergoing such changes that a complete enumeration; "at
the time when the data sc obitained are tabulated and ready for use, may
actually present a less acocurate piciure of the population than would be

presented by a sample.

8l. Another point to note about advance tabulation is that comparisons
gan be made in due course between the provisional figures based on
samples and the final caes obtained in the traditional manner. The -
advance tabulations way also provide a convenient tool for internal
checks and analysbs. For example; one can vse the preliminary sample to
. determine rates of non—response in the census for various characteristioes

and to decide on final tabulation specifications.
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“82. On the other hand, Securlng advance tabulations through sampllng

' has certain disadvantages. The results tabulated for the sample unlts

have to be 1ntegrated with those tabulated for the non-sample unlts to
give the final results. Thess operations 1ncrea59 the total tabulatlon
time, and its cost beyond what they would be without the speclal
tabulation of advance resulta. Precautlons are necessary in order to
mlnimlae the delay that may be caused to the preparatlon of the flnal
results. To that end, the census plan should carefully co-ordinate th¢
special tabulation of advance results and the tabulation of final resul ts.
Otherwise, the éampling sclieme may buy fime témporarily at the cost of
delay in the main programme, particularly if the possibility of aésigning
additional staff to deal exclusively with the sample has to be ruled out.

- Another .disadvantage is that, owing to the preliminary character of the

results, less than wholehearted public interest may be forthcoming for
sample results and as'a Tesult the tables may be put to only limited and
unimportant uses. Still another shortcoming of sample tabulation is

revezled when the advance demographic estimates are used to assess |

- ohanges from the previous census. Intercensal ohanges in certain i+teis
. ~f(e.g., proportionate age'digjributions) are small and it may bhe that the
. .8anpling error of the estimate for the detailed breakdowns desired is df

a lower order of magnitude than the actual change.

- 83+ . If sampling has been .used as an integral part of a complete enumsza—

tion to broaden the scope of the census, by obtaining supplementary
information, the same sample of individuals, living quarters, householde,

farms or other units will also provide & sample for advance tabulations

- of the census proper. Such a sampling scheme, if it is devised efficiently

- with a view tousBecuring additional cemsus information by small ‘administra-

tive units, may offer excellent opportunities of conveniently obtaining
advance tabulations by the same administrative units. This would not be

feasibls ordinarily without inocurring unduly heavy expense and

“inconvenience. .

-
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84. Even when no sampling has been used in the actual enumeration the
sample degigqyfor advance tabulations may be comparatively simple bqgauae
thé qomélqte census returns provide thé sampling frame and the domain or
dqméins of study. Further.benefits which such a simple scheme.offens are
that sampling hay in most cases be carried out at a g8ingle stage al _
little or no extra cést, and there is a resulting automatic geograpbic
stratification by area as the retums are generally filed in this manner. If
a multi-stage sample design is used for the purpose of getting preliminary
tabulations on a sample basis, it is important to remember that the cost

- of gliciting supplementary information from a particular sample unit at
any stage may be considerably less than that inocurred for enumerating .

_the same sample unit in a field survey.

85. In the choice of a suitable sample tunit,; it"is essential- that the
sample units are extractable physically fror the Temdinder of -the returns,
s0 that they can be sent through the operations of processing without
interferencse with tho regular processing of the census. The samplé ﬁnits
must therefore be the same as the fundamental cengus wiits ﬁhétra?é- i
ordinarily processed as inseparable entities. 'In dany dountriaé”fhose
entities are definable 'areas known' for instance as "enumeratioildistricts
- or areas"; in some"bbuntriesienumeratiﬁn“areasaformwsuitable-éample-units.
- A sample of enumeration . areas drawn in’ a sproper manner ig then to be put

into the stream of processing for advance tabulations.

. 864 *-In determining the size of a sample required for prblimiﬁany resul ts,
it has to be borne in ‘mind that each increase in the 31ze of the ‘sample
¢ gives greater detail and more accurate results at the expense of apeed

g1n the analysis, for the latter decreases as the aample 1ncreases. In

‘“fthe interest of obtaining.quick results, it is neoessary that the sample

. 'be no larger than ‘that Téquired o give only the main characteristics of

.population with no more than reasonable accuracy, ‘gay a coefficient of
variation of up to 5 per oent. Where punched cards are used to analyse
a census, the only addlthnal work irivelved in obtaining preliminary

results from a sample is that concerned with the selection and the machine
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analysis of the sample. The coding of the sample forms and the punohlng'
of the sample cards are a part of the work required for the complete

enalysis and need not be repeated for the latter.

87. It has been noted earlier that there may be some reluctanos on the .
part of certain sections of the public to accept advance sampl e tabulatiqns
of a census as sufficiently reliable. Therefore, the responsibility of !
securing the closest and the most economical agreenent between sample
results on the one hand and census results and other independent data i
on the other dévolves on the statistician. When a sample is sclentlflcalﬂy
designed and carefully executed, it is true that the disadvantage of the |
presence of sampling errors in the results is more than offset by .the valhe
of the extra information and cross—tabulations which sanpling makes
possible. If, however, scientifically prescribed standards are not strzoﬁly
adhered to, discrepancies between sample results and other data may arisa
from such additional causes as biased sample selection, biased interview |

method, processing errors and biased estimation Procedures.

G. Tabulation of additional data and data required for special stydjes

88. The prlnclpal limitations on completely tabulating all the 1nformati¢n
colleoted in a population census are time and money. Consequently the '
tabulation programmes of most population censuses provide for the 00mplat¢
tabulatlon of only those elements of demographic and economic information
which are regarded as of sufficient importance for small administrative |
areas. Numerous characteristics are tabulated only on a sample basis. ;

Sampling is thus used to extend the mcope of census tabulations and for
obtaining data for special demographic studies.

89. There are oértain demographic and housing characteristios whioh 1
are needed only by large areas and for the count®y as a whole. Sampling |
enables one to obtain tébulations for large areas with reaaonably amall
sampling errors and at a much reduced cost and in shorter time than
needed for tabulations on a complete basis. Even greater savings in
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cost and time than in the case of simple tabulations are achieved if

oross—tabulations are prepared on a sample basis.
a

90. However, in the case of/housing census, gince one of iis purposes

is to serve local interests, the feasibility of sampling is determined

to some extent by the size of the smallest localities for which separate
tabulations are needed. In order to obtain data of acceptable precision
for these divisions and localities, it may necessary to use high sampling
fractions in view of the great variability in housing statistios. There
may be instances where even the use of high sampling fractions fails to
give resulte of acceptable precision; in suoch cases it would be inadvisable

t0 use sampling methods.

91. The use of sampling for enlarging the scope of census tabulations
oan be most advantageous if the sample used for this purpose is the same

as that used in the cése of préparing advance tabulations.

92 The'problems_of‘sample desigr and sample selection in the present
cagse are similar to those encountered in connexion with tabulation of
advance results on a sample b331s and therefore are not repeated here.
However, 1t should be noted that whereas advance sample tabulations are
prepared for meetlng urgent needs after a ceasus and are published
eventuslly on = complete baSlS, here one is concerned with sample
tabulations and uross—tabulatlons whlch are not intended to be prepared
on a complete basis at any later date: This important different high~
lights the need to exercise the utmost care in designing and exscuting
the sainple with a v1ew te attaining the best accuracy within permissible
costs. Not’ only ig 1t necessary to attaln the best possible acouracy
in the sample estimates, but it is also desirable that measures of
precision should be supplied to users along witb sample tabulations and
cross—tabulations. Since thkese tabulations will never be followed by
more accurate and -codiplets results, the information on the margins of |
error of the ‘tabulated results will enable the users t0 get a realistic
Picture of the demographic phenomeha in which they may happen to be
interested.
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93. There is also the difference in timing of the two operations. In
the case of advance sampla tabulations, the full advantages of speed _
are attained by selecting a gsample of the returns from a complete census -
and processing the sample returns in advance, that is, before the
remainder of the returns are brocesscd. In the present case, as a

rule, a sample of the returns fronm a conplste census is selected only
after the general editing has been carried out and in countries using
mechanical tabulation these sample tabulations may well be delayed

until the cards are punched. If bowever, the tabulations %o be made

from the sample required the coding of particular information and its
transeription on punched cards, and if in addition such information is
not needed for the complete tabulaticn, these coding end punching

operations may be carried cut aftar the samrle selection.
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27« It was pointed out previously that before a sample selectioq-is?
undertaken it is necessary to ensure that the sampling frame is fres '

from such defects as:

(1) inaécuracy,

(2) incompleteness,
(3) duplication,
(4) inadequacy,

(5) obsolescenc

%8. Inaccuracy in a frame may arise not only from wrong 1nformat10n:

about the units listed in it or defined by it but also from listlng of

' unlts whlch are in actual fact non—~existent. If some units of the -

naterial are omltted entirely, the frame is called incomplete; if 30m¢
units of the material are included more than once, the frame is said

te be subject to duplication. A frame used for a particular sample
survey'may sometimes.exclude certain parts of the material which the
sufvey is expected to cover; such a frame is called inadequate fer thé
survey under study. A frame, though accurate, complete and free from .
duplloatlon at the time it was constructed, may no longer be so at the
time it is required for use, Such a frame is called obsolete and defedts

of the first three of the above types may be introduced through the -

”use of an rbsolete frame.

g/ The follow1ng dlSCUSSIOH ef these five defects is drawn primarily
from F. Yates, Sampling Methnds for Censuses and Surveys, 2nd ed.
revised and enlarged, New York, 1953, pp. 60-62. \

S ATy e e e
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" 9ge - Bach one of the five types of defect in a framé introduces defects '
of a different type inteo the sample procedure. Inaccuracy in the
frame, to the extent that it relates to the selected units, will
automatically be discovered and corrected in the course of the survey
and so the sample results will remain unaffected. In the .event that
the information contained in an inaccurate frame has been used as a
bagis for stratification or as supplementary infuvrmation, the inaccuracy
in the frame will nrt be carried into the final estimates of populatinn
values becausa the actual accuracy attalned in the results can be

assessed frnm the results themselves.

<~ . o - il

100.‘ Incompleteness in the_frameﬁls & sarinus defect for two reascons.

-

. First, it cannot be.discovered while the survey is in progress and
secondly, only units possessing some special characterisiics are
likely tn be cmitted from an incomplete frame. As a consequence of.
such omissions of the survey material, biases will de intréduced,into

. the survey resul ts and, particularly in view of the second deficiency,
H;hase,piaség are likely tn be very seriocus. Duplication, on the other

,“haﬁd, dees no g suffer from the first deficiency mentirned above inasmuch

.- B8 an examlnatlon of the frame. will bring.tn light any units included
m,re than once; the second deficiency, nevertheless, dnes occur in §
frame ;ﬁbject to duplication but this will have no effect on the survey
results if prior tn the survey the duplicated units are rejsoted after
a ecaraful examination of the frame. A4 complete examlnatlon nf the
framp, though capable of ylelding unbiased vesults, almnst always
means & tedlous nperatlon and consoquantly results in increased cost
ef the survey. If however, a ue»rta:Ln amnunt nf bias can be tolerated
becausa of the pessibility of reduecing survey costs substantially and
if, furthermnre, the degree of duplication in the frame is large, a
fairly high sampling fraction can help reveal the extent of duplicatinn
in the course of the survey itself, When cne deals with EAs (Enumeratinn
Areas), howover, incompleteness or duplicaticn in the list of Eds is

ne.t generally a sericus problem, but incomplete coverage or nverlapping
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on the ground is of great importance and the cenitral problem consists

of defining the boundaries of EAs.

101. Inadeqﬁacy in the frame is the least troublesome of the five
defects. The extent of inadegquacy is knnwn merely from the
specification of the frame and the scope of the proposed survey. Often,
the construction of & subgidiary frame covering the omitted categories

can resnlve the diffioulty.

102, The foregoing observations point to the desirability of a careful
investigation of those parts of a population census which are to be
used as the sampling frame for a propcsed sample survey, since és
pointed out.aarlier; some defects are not at all apparsnt until a

detailed examination has been made. BSuch an object may be accomplished

by examining the relevant administrative machinery of the census and |
the way in which the census information is Kept up—-te-date; sometimes |

the investigation may even entail a certain amount of field werk. i

1¢3. Although this remedy is appropriate whén the frame in quesiiwn |
is a population or .a housing census already enumerated and processed, aé
much more effective approach toward avoiding the atove mentionad .i
defects would be to give very careful consideration t» the problem i
at the stage of planning the census, even though here one comes up i
against the difficulty of not knewing the precise nature nf the
subsequent sample surveys whichk a country may find it necessary to

undertake. The usefulness of a census as a sampling frame is enhanced i
if in addition tn careful planning, the various phasem of the census
are executed with preper care and if the obstacles tn suceeassful
execution are fully recegnized. BSpeecifieally, the census enumeration
needs to be very carefully conducted, clerse attention being paid to
non—-response certain important rost-eanumaration fimld checka have

to be instituted te verify deoubtful informatinonj and it is necessary

te ensurs that editing, coding and punching operations are free irom
any defects, assuming, of crurse, that the lasti-mentioned eperations

are among the relevant bases for the subsequent sample surveys.
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104. In housing censusas; the units of enumeration, namely, living
qaarters; houssholds and buildings, may sometimes furnish the éampling |
frame for subcs.y.ont sampling inguiries. If dafa on fypes of living
quarters are available from previous censuses of housing and/or
buildings, stratification by type of living quarters could form the

basis of an efficient sampling scheme.

105, MethodolOglcal factors in census—taking of the type mentloned

in the next paragraph have an important bearing on subseguent sample
inquiries. These factors, one must remember, are particularly relevant
for sample surveys covering the whole population of a country and
capable of giving certain broad subdivisions, but not for small
administrative areas. The reason is that such surveys present much
more diffiecult sampling problems than lncal sample surveys covering a
rarticular town or rural area, or a few contrasted towns or rural areas
in which no attempt is made to obtain a sample ‘which is fully
representdtive of the country as a whnle. Furthermore, surveys of the
first type give much greater scope Tor increase in efficiency by the
use of the mere elaborate sampling methods. Since resulte are not
required for small.areas, administrative or other areas can form .the
first stage of a multi-siage sanmple procedure. thus enabling the
sampling to be concentrated in relatively few areas instead of being

spread over the whole country.

106. The following ars some ~f the methodological factors to which

reference has been made in the preceding paragraph.

e e
(a) ‘The_ general framcwork and geosraphlcal subd1v131ons of the

fleld organlzatlon, 8e8oy reglons, towns, communes and

enumeratlon areas. . - _
(b) Methods of enumeratlon, e.g,, whether by the enumerator

or the householder method, and whether enumeratlon is

based on hOuseholds or 1nd1v1duals.l
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(c)

(a)

(e)

(£)

‘socio-professional categories, etc.) and the geographical
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The general plan for processing and tabulating resulis,

and in particular, the codes utilized (territorial units,

areas for whick the results are tabulated and published,

These factors heve an important influence on later

possibilities of stratifying and establishing of sampling
fractions. o ' - ;
The ohoide and compositioh of tﬁé various"groups and sub- i
groups adopted for the tabulation of dataj for examplg;

would the needs of subsequent sample inquiries'be vetter

served by a de facto or de jure enumeration.

In general terms the choice of the definition of the

statistical uhits,'of which the most important are the

individual, the household, the dwelling unit and the
enumeration area. To Secure the maXimum comparability
between the results of censuSes of population, censuses

of’’ hou51ng and sample surveys, the definitions of these

‘units should be, as nearly as practloable, the same 1n the

three types of inguiry.
The census as a llst, not only of househoids or persons,
but also of manufacturing'and distributive establishments

for use as a sampling frame for sample inquiries.

107. It is felt necessary to elaborate the first factor concerning

the general framework and geog craphical subdivisions of the field

organization since special significance is usually accorded to this

factor for multlnstase sample inquiries which may be based on censuses

of population to be taken in the near future throughout the world.

The first stage sample unlts ére normally in Africa enumeration .

aTeas and careful attentlon must be given to the demarcation.of

these so that they can pr0v1de partiocularly convenient sample units

at subsequent svages. The following conszderatlons_pught to be borne

i 0
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in mind if the desired results are to be achieved:

(a)

(b)

{e)

(d)

It is de81rable that each E4 be as homogeneous a8 possiblej .
each EBA should if possible be entirely urban or entlrely
Tural and the number of EA's of mixed character must be
held at 3 mlnlmum.

The average 8ize of the EA should approach as. closely as
pogsible the optimum for efflClent sample inquiries based
on the EA'as sample unit. This nptimum depends on the

variate with which the survey is concerned. Studies in

" Africa and other developing regions suggests that for‘many

variates the eptimum weuld be around a few hundred peopulation.
It would, however, be optimistic o hope that the sige of

EAs might be fixed with the needs of sample inquiries
pPrimarily in view. Perhaps the most that could be hoped

for in the majérity of cases would be the avoidance of very
large Eis, The existence of even a small number of very
large EAs causes considerable inconvenience in the plannlng
of subeequent BUTvVeys.

It is desirable that the variance in the size of EAs

‘should be as small as possible. In those cases where the

geographic dispersion of the population forces the establishment
of EAs with very small numbers of inhabitants, subsequent
grouplngs of these EAs for obtaining sample units of
convenlent size should be considered. -

It is desirable to number the EAs approximately within each
distriet, and the dlstrlcts within each region, eto., so as
to ensure on the one hand that contlguous geographic Eis

are given consecutlve numbere and on the other that the
numbering prOV1das & code indicating a certain oharacteristio
of the E4 (e. +&+5 urban or rural character); similar precision
should be applled W1th1n each 44 to the numbering of housing
units and to the llstlng of the persons on the household list.
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