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SAMFLING FOR DEMOGRAPHIC AND HOUSING SURVEIS
AND CIVIL REGISTRATION

1. INTRODUCTION

Thie paper deals with three distinct problems:

1. Sampling of rural sedentery populations for demographic characteristics.
2. Sempling of urban populations for demographic and housing characteris--
tica.

3. Civil registration on a saopling basis for rural populations.

Sampling methods are examined in the paper only in relation {0 the
collection of data, although sampling ocan also be used at the stage of
evaluation or tabulation of the data. Further, "sampling” is understood
to refer to probability sampling only. Purposive sampling, and other

systematic limitations of coverage are not oonsidaredl/{_i.

The reason for thesse various restrictions in the scope of this paper
is to limit it to manageable length by concentrating on the most commonly

met applications of sampling in Africa.

In ahy practical application of sampling the following topics

-~ have 0 be congidered:

- Sampling units and sampling frames
- Multi—stagp sampling énd clustering
- Fixed versus variable sampling probabiiities
- Strétificatién

-~ Sample size

- Sampling in time

-~ Relation to other sampling operations

;/”,Qne further minor limitation of scope: no attempt is made to deal
"~ peparately with problems raised by persons -living in institutions,
camps, hotels, etc.
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These topics will be discussed in Section 2 independently of any
particular application. They will then be taken up again in later sections
in relation to their application to each of the three categories of sample

enquiry listed above.

ABBREVIATIONS AND DEFINITICNS

P.5.0. Primary sampllng unit, i.e. flrstmstage unit,
58U, . Secondary sampling unlt, iaes second-stage unit.
I.U. Investigating unit. The smallest independent unit of

perasonnel collecting data in the field. Typically consists
of a single enumerator, but where enumerators work in teams
whose members are interchangeable the IU will bg,the team -
dncluding the supervisor pravided he worké §i£ﬁ‘bﬁe and

only one team.

Unit of enquiry. Unit in respect of which information is collected. This

may differ for different enquiries in the same BUrVEY «

Cluster sample. Sample in which the last stage of '"sampling" is exhaustive,

i.e, all the'units of enquiry are included in the survey in
-each of the units selected at the next gtage up. This usage

is sanctioned by the Unesco supported Dictionaxy of Statistical

Termsl/, although the term is sometimes used to cover any
multi-stage sample. Generally the term 1s used only where

the clusters are geOgraphleal units. For example, a gample

of households is not generally descrlbed as a cluster sample

although it is in fact a cluster sample of 1nd1v1duals.

Self-weighting sample. Sample in which every unit of enquiry has the same

overall probability of being selected. This means that data
processing can be carried out ag for a census, without
differential weighting for different parts of the sample.
Raising can be performed by multiplying the sample results

__l/: Kendall MGy Buchland, W.R. (1957,# Dictiocnary of statistical Terms.
e Londnn/bdinburgh, Oliver and Boyd. - G
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by & raising factor which is constant over the whole sample.
Istimates which are ratios or percentages can be taken direct
from the sample, without weighting.

P.P.8. sampling. Sampling with probability proportional to size. TFor

example, villages may be selected with probability propor-
tional to their census population. This will give larger
villages a2 proporiionally larger representation in the
sample., The resulting bias in the sample is corrected
either by introducing an inverse bias at a subsequent stage

of sampling, or by re-weighting during data-processing.
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2 OKNERAL PRINCIPLES -

2.1 Sampling units and'éaﬁﬁling frames

. It 1s well known that a Sampllng frame, or list of sampllng units,

1s requlred to ‘be accurate, exhaugtive, nou—repet1t1ve (each unit appearlng

once only) and up-to—date. . However, two of the most important requiremente
in praotlcal appllcatlons in Africa are not expllcltly mentloned in this

standard formulatlon" (1) The units must be clearly and unambiguously

- demarcated - for example, for area units the boundaries must be clearly

glven, for social unitd ‘guch as households ‘the membarshlp ¢criterion must
be clear. (2) The units in the list must be traceable in the field: +this
means that, for example, there must not be so many villages of the same
hameé, or so many heads of households of the same name, that it is impossible
to identify on the ground the one selected on paper. Similarly, if houges
are being selected in towns from an address list, the house numbers must
not have been allocated so chaotically that the selected house cannot be
traced. <The use of aerial photographs for sampling of buildings is in
most cases ruled out by this consideration; it is 8imply not possible for
the average enumerator to identify on the ground & particular building
indicated on a photograph.

The three main types of unit available for sempling are area units,

units of housing or property, and households. The availability and

oconvenience of sampling frames for such units will be discussed in later

gsections.

Variability in the size of sampling units may be an important consider—
ation. It will be seen later in this paper that the organization of field
work is often easier if the area sampling units are approximately constant
in the population they contain; even if they are not, it is generally a

help if their populations are known, even approximately.

Most African demographic surveys are concerned primarily with the
estimation of certain rates or percentages. For this purpose no sample

"raising" is involved: the estimates are taken direct from the sample,

E
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after weighting if neccssary. However, where estimztes of aggregates
are required, such as total population, it will generally be preferable
to raise the sample by using supplementary information such as a .census,
even if this ig out of date. Thus the sample data are multiplied by
the ratio:

Census population in whole domain
Census populetion in sanple

(preferably separately in each otratum). This is ratio estimationm. For
this purpose we need to know, once again, the approximate population of
each primary sampling unit. This method of estimation gives a reduced

- sampling error. Alternatively, the same reduction can be achieved by
taking account of the supplementary information at the samgllng stage -

sampling with probability proportional to size; or PPS sampllng.

If supplementary 1nformatlon is not available (for example, if we usme
‘area sampling units not listed in the censgus tabulations),'and if estimates
of aggregates are still required; then we can only '"raise" by multiplying
the sample results by the reciprocal of the sampling fraction. This will
generally give a larger sampling error, part of the error being dﬁe to
variation in the population of the area sampling units. ‘Sampling arror
will therefore be smaller if these units can be made approximateiy equal

in population.

To summarize: a sampling frame should be accurate, exhaustive, non-
' repetitive and up-to-date. The units should be clearly demarcated and

traceable on the ground. Ideally, units should be of approximately equal
populatiOn;rin_any case, their sizes should be known -- even an approximate

knowledge of sizes is likely to be of value.

2,2 Multi-stage sampling and clugtering

In any interview survey covering an area of more than a few square
miles, some kind of grouping or concentration of the sample is a practical
necessity in order to reduce the time spent by the IU (Investigating Unit)
on travelling and other non-productive activities, in propertion to the
time spent on date collection. 3uch grouping may involve sampling in two

or more stages.
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- The effect of such concentration of the sample is generally to reduce
sampling efficiency, when this is calculated on the basis . of gampling

error per unit of enquiry in the sample. This is because variability

among units of enquiry is generally less within small areas than between
‘them; Or, expressed in a less technical way, it is because members of
one village tend to be similar, so that adding more people to the sample
in the same village is less informative than going to another village.
From the point of view of sampling error, therefore; the sample should be
as widely spread as possiblel/.

However, once cost is taken into account, the advantage swings the
other way. There is clearly a cost advantage in clustering, or grouping,
the sample so as %0 reduce non-productive activities. Thus, travel costs
inc:ease with the number of sample villages, and at each village tims must
be spent "setting up shop" — that is, interviewing the chief, arranging
a@ccommodation for the IU, explaining the survey to the people. It is
clearly wasteful to undertake all this if only a small amount of information
is to be collected at each location. On the basis of cost alone, then,
the more the sample is concentrated into a number of small areas or clusters
the cheaper the operations will be. To some extent these argumenté apply

'even for urban surveys and for sampling operations in which the IUs are
not mobile (for the latter there will generally be need for a mobile

supervisor).

Thus the requirements of sampling efficiency and cost operate in

opposite directions and a balance must be sought between them.

A reasonable criterion of good sample design is minimum gampling error

for given cost. This reflects both the above opposing tendencies. - Using

it, one can calculate an optimun degree of sample concentration or grouping,

yielding minimum sampling error for given cost. (If we work in terms of

l/ It may be helpful to stress here that the problem involves both the
concentration of the sample and the concentration of people!s charaoc-
teristics. The fact that people's characteristics are grouped in rTeal
life (neighbours tending to be alike) makes it desirable not to group
or concentrate the sample, for the reason explained in the text above.
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minimum cost for given esampling error, we reach the same optimum). If
the two tendencies mentioied can be gquantified the problem cam be given
a mathematical form and the optimum can be computed. The procedure is

described in textbooks on sampling and is summarized below.
Four steps are involved:
(i) Some measure has to bte chesen representing the degree of
grouping or conceatration ¢f the sample. '
(11) This measure then has to be related mathematically to. the
' sampling error.
(ii1) It also has %o bo related nathematically to the cost.
(iv) The value of thc measure then has to be computed which will

mlnlmize the Gamplwng error for glven cost.

These steps will now b2 goqc1ﬂexed in turn We shall assume a

2.stage sample, or a 1~s,agu cluster sample—/

(i) We shall measuxeqthe degreec of olustering, or'concentratipp, of the
sample by n, the number of SSUs selected in each selected PSU..

" (1i) Assuming that the PSUs are large and equal in size and that the
overall mampling fraction is =mall, it can be shown that the. sampling

variance is approximately proportional to

__l,_'[“ 1) | ——

mn

where m is the number of PSUs in the sample and § is the so—called intra—
class correlation. The latter is glxen by: T ===

§ - ﬁi[wié” -] (@)

9] -

DI - (3)
 ~1 62

1/ The latter may be regarded as a 2-stage sample in which the 2nd stage
- -sampling fraction is =qual o 1.  If a further stage of area sampling
~ were included, making a 3-stage =mample; there would be a small rise in

sampling error and & small c¢rep in costs. It is unlikely that there
would be any imporioint ~liiige 4w vhe optimum value of n, the number
of ultimate stage sewmnli:, units selected in each PSU.

= 1
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where N is the total number of SSUs in each PSU, 0%2 is the variance
between PSU meansy 0%2 the variance within PSUs, and 02 = 052 + 0%2 is

the total variance. The intra—classi/ correlation & reflects the sxtent -
to which .the characteristic under investigation is concentrated or

clustered, that is, how homogeneous it is within PSUs. This is apparent .
from equation (3) above: the more a characteristic is grouped according

to PSUs, the smaller will be 0%2 y the within-PSU variance, and so the

larger the value of 8. It is easily seen that if all members of any PSU

. bave the same value of the characteristic, then concentration is extreme

and & =1. On the other hand if the characteristic is distributed at

random without regard to PSUs, then 5 = 0.

. For operational purposes in the present application only very rough
estimates of & are neededg/. Actual values of & met with in practice for

different characteristics will be considered in a later section (3.2.1).

(iii) Cost function. It is probably fair ‘o say that up.to the present

foew African surveys have been limited primarily by cost. More often the
bottleneck has been a combination of a time-limit and the availability of
gkilled field staff. For example, the survey has to be completed in time
-for the preparation of the national plan, or within a given finanoial year,
or before the senior organizer's contract expires, or within the school
holidays; and the work has to be supervised by senior field staff of whom
only & limited number can be recruited at the level desired. Thus, in
practice thé limit within which the survey has to operate is & given number
of IUs available for a given period. This leads to a "t{ime" rather than

a "ocost" function, but the mathematics are the same.

1/ The term "class" may be misleading in the present application, where
'~ the clags becomes the PSU.

g/ For a fuller discussion, and in particular for the computation of $

™ when PSUs vary in size, a recommended referehce is: Hansen, M.H.,

. " Hurwitz, W.N., Madow, W.G. (1953). Sampling Survey Methods and Theory,
S (2'v013.)a. New York, Wiley. : e
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- The usual approach is to aivide the cost, or available IU-hours, into

two parts, one proportional to the number of P3Us selected, the other to

the number of SS8Us to be interviewed. The formsr will cover itravel betwen
PSUs and setting up shop, the latter the process of data collection. Let
the time (number of IU-days) spent per PSU be T,

55U be Tzl/. The total available IU-days being constant, we have

and let the time per

'I‘1 @ + T2 mn = constant

ory dividing by T, and writing T = Tl/Tz,

Tr + mn = constant (4)

T may be termed the "cost ratio™ between first and second stage field work.

Values met in practice in different circumstances will be discussed in &

later Seotion (3. 2 2) .
(iv) Minimizing (1) subject to the constraint (4) leads to

1
z
n % l%§ T
Op. |__ é

It

VT

It ig easily showm that the optimum is very broad, so that substantial

L'

deviations from the optimal value of n do not affect the sampling error

or cost very much.

Note that n is the number of 35Us selected in the sample in each PSU.
If single-stage cluster sampling has already been decided upon, then
automatically n is the cluster size, which is also the PSU size N. The

problem of optimizing n is then the problem of the optimal size for PSUs.

1/ Strictly, these parameters should be understood as relating to the
marginal time, that is, the time for each additional PSU or 58U
included in the sample.
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- In fixing the sample allocation between the 1st and 2nd stage, the
above cost and sampling error calculations are generally important and
should always be attempted where the relevant data are available. However,
there are many other considerations which may bear on the problem and which
in some cages will be overriding. These will appear when we consider

particular applications in later sections.

Once a value of n has been decided upon then, at least in principle,
equation (4) determines the value of m, the number of PSUs %o be selected,
and hence the total sample size that can be covered with the available

resources. This question is considered further in Section 2.5.

2.3 Fixed versus variable sampling probabilities

Fixed sampling probabilities make sampling easier and ensure simplicity
at the data procesasing stage. However, variable sampling probabllltles

are often preferred far the following reasona:

(1) To improve sampling efficiency by taking account of external

information.
(11) To equalize the distribution of enumerator work-loads.

The first of these aims tends to he achieved by sampling PSUs with
probability proportional to size (PPS). Other things being equal, the PSU
total for any variable is likely to be approximately proportional to the
size of the PSU (at least in some sense of the word "size"). When raising
- from a sample of PSUs, we normally divide each estimated PSU total by its
corresponding sampling probability. If this probability is proportional to
the PSU size, then the factor "size' appears in both numerator and denomi—
nator of the raised estimate and cancels. Thus variation in the estimates
from differént PSUs no longer reflects differences in PSU size. Such
variation is essentially the variation which gives rise to sampling error.
Thus sampling error is reduced by this procedure. However, this argument
applios only where we are estimating aggregates. For estimation of rates
or percentages there may be no improvement in sampling efflOlency from

PPS sampllng.
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Equalization of enumerator work-loads is achieved, assuming one

enumerator worke im eack PSU, by sampling households within PSUs with

probability inversely proportional to PSU size, sinoe th?s procedure
clearly leads to a constant sample of households in every PSU sslected,

provided "size" here is assumed to be measured by the number of hougeholds.

- A popular sample design is to combine these two procedures. ‘At the
lst stage, PSUs are selected with probability proportional to size. A%
~the 2nd stage a fixed number of households is selected in each PsU.
This gives both advantages simulitaneously. Moreover, if the two measures
of size used are the same, or at least proportional, then_the‘?nd stage
sampling probability will be, in every PSU, the reciprocal of the_}atir
stage probability, so that the overall sampling probability (ﬁh;.p;oduct
of the two) is constant. This means a self-weighting sample, which:

gimplifies data-processing.

I+ is worth repeating that the above procedure aims for three

adventages:

(1) Improved sampling efficlency by taking account of PSU size
(an important source of sampling error in the estimation of -

aggregates) at the sampling stage.

(i1) Simplified field organization by ensuring a constant sample -

of households in every PSU selected.,
(iii) sSimplified data—-processing by use of & self-weighting sample.

In fact, however, these three advantages can only be secured simultaneously
if the measure of "size" used for sampling at the lst stage is proportional
%o the number of households ourrently living in the PSU. If no such
meagure of size is available, then one of the aime (ii) or (iiij cannot be

exa atly met.

It will be seen in later sections that we do not often have for every
PSU, in advance of sampling, a measure of size which is sufficiently
clogely proportional t¢ the number of households for the discrepancy to

be ignored. We therefore have to choose between objectives (ii) and (iii).
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It seems obvious that in the {ype of survey with which this paper is
concerned the best policy will be to relax objective (ii). This is easily
done by selecting at the lst stage with probability proportional to size,
using whatever measure of size is available, and at the 2nd stage'sampling
with the reciprocal of the lst stage prohabilify in each PSU. This ensures
& self-weighting sample and gives an approximately constant sample of

households in each PSU, with consgequent convenience in field work.

'Thé alternative policy of using g};ﬁg gampling probabilities at both
stages abandons both objeciives (i) and (ii). However, as we have seen in
Section 2.1, if data on PSU size are used in ratio estime tiom, the egquivalent
advantages of (i) are secured a+t the data processing stage instead of at
the sampling stage. Since the sample is also self-weighting, the only loss
is then on objective (ii);' This may not be serious, eépecially‘if'PSUs
do not vary too much in size. (Even if they do, it is often possible to
reduce this wvariation by combining small units together and splitting

large ohes). Thus this very simple approach may often be preferable.

If a cluster design is used, with P3Us as clusters, then this means
that the 2nd stage "sampling' probability is given as 1, which is fixed,
80 that the self-weighting design with variable prcbabilities mentioned
above is automatically ruled out. The only choice is then between fixed
and variable probabilities for the sampling of PSUs. Inhmogt cages it
will be simpler to ume a fixed probability; taking advantage of any available

information on PSU sizes at the estimation stage only (ratio estimation).

Up to now we have assumsd sampling in at most two stages. It may
ﬁappen nowever that the smallest availeble area unit for which reliable
boundaries can be identified is tob}hig'to serve ag the field of activity
of one IU;' Rather than‘put several IUs into the same PSU, which would
reduce sampling efficiency, it may be preferable to create EéCondéfy'area
sampling units in the fisld, in the sample PSUs only, of suitable size for
one IU to work in. If a cluster sample of units of enquiry is desired,
these. created 88Us will be made-of the size proposed for the clusters,.so
that the clusters will then be the.SSUs. Otherwise, there will be a third

stage of mampliung, nicoly of walts of enquiry within SSUs.
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The same problems now arise again about the choice of fixed or variable
sampling probabilities. If fixed probabilities are used throughout, this
will be simpler at the sampling and data-processing stages, and supple-
mentary information on PSU sizes can be introduced by ratio estimation
with a consequent increase in efficiency of estimation of aggregates. On
the other hand it is possible to achieve all three of the objectives listed

abnve, as follows:

-Belect PSUs with probability proportional to the available measure
of gize. Create area SSUs within selected PSUs. Select SSUs with
probability inversely proportional to the PSU sigze uged at the lst
stage. Put one IU in each selected SSU. At the 3rd stage select

unitsof enquiry with fixed probability (probability 1 if a cluster

sample is desired).

This scheme uses knowledge of PSU sizes to increase sampling'éffiéféhcy,
it yields a constant work load for every IU provided the SSUs are created
of constant size, and it is self-weighting. Of course in practice the
S8Us will not be of exactly constant size, but the survey organizer is
free to give vhatever degree of emphasis he considers desirable to this

requirement as the SSUs are specially created for the SUTrVey.

The practical procedure for selection of SSUs with probability
inversely proportional to PSU size, as required by the above sample design,

may be worth defining more exactly. Two methods are possible.

(1) If the number of SSUs created in each PSU can be communicated
to headquarters before sampling of SSUs begins, then.the simplest
procedure is that used normally for sampling ﬂith variable
probability. Suppose PSUs are sampled with probability propor-
tiqnal to census population Nc' Then the S8Us are required to be
~sampled with probability proportional %o 1/N,. List the SSUs
with the quantity 1/1’\1c against each. Cumulate these quantities.

Select mystematically (i.e. at a fixed interval, with a random

start) in the cumulative column.

A AR 1 ot i e e AT B R R s i
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(11) If it is desived o perfurm the sampling locally in each PSU,
then first fix a standard “expected' size for S8Us in terms of

census populaticn, say C. Then N,.' = N_/C is the expectéd
‘ 2 o

number of SSUs 40 be created in a PSU; and Nz.is the actual

number created. XRound NE‘ to the nearest integer; then select
& random numbar between 1 and 3 VZ s another between N2'+1 and
2N2', another hetwsen 2N2'+1 and ?Wg y @and s0 on. Any of
these which fall between 1 and i, melects an S5U. This gives
the desired selection protability, with an overall expectation
of 1 selected SSU per FSU. This procedure is carried out for
each PSU separately, with C constant for ail P3Us. If a sample
of k SSUs pexr PSU is desinved, then read NZ'/k for N,' in the
above recipe when ssleciting the random pumbers.

2.4 Siratification

The main purpose of ciratiflcation is tc increase the efficienéy of

-sampling. This purpose is achieved in two ways:

(1) sStratification with unequal sempling fraciions makes it possible

to concentrate the sample Lowards areas wherc the varianoce is

. s . : ' SRR 1
high or the cost low ond honce ¢ inemsase coet efilclency—/.

ii Stratificaticn haips o cnours that the sample is well s read out
I ? P
over the domain o1 the gunvey. Stratilicaticn achieves thls aim

whether o» not ifferapnt vampling fractions are adoPted for

e B
different ciraia.

For almost any orea within Africa -‘ore'+s a wealth of geographioal
and anthropological siudies publishel whiel glive JnIOIWdthn relevant to
the creation of strata. Unforitumately, vory little of such irformation
is statistical in foim; end as 2 result there ia little opportunity for
making use of varying sampling fracticns £0 improve the sampling efficiency

- of” surveys, at least as regards the gungrapalcdl Btdges of sanpling.

r/ The same pr nc*v:e oy D dp'LlCu at eny ol the stdges:ui c multi-stage
sample, bul ia ceovosraTh il annl Lo Llcas 1% i LiVelss 40 bo linited

to the first stage, and this is acsuaed in the discussion which follows.
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Bven if the desired information were available, there would be some doubt
about how to use it, for two reasons: firstly, most surveys are multi-
purpose, and the optimal sampling fractions for the different purposes

are likely to differ; secondly, there is often doubt whether the objective
is to minimize the error for the survey area as a whole or to produce

acceptably low errors for individual domains of study within the survey area.

In view of these reservations, detailed discussion of this topic is
perhaps unnecessary. However, we may mention the formula for optimization.
The survey estimate as 2 whole has minimum sampling error per unit of cost
when the sampling fractions for strata h are proportional to\/gm76; s

h

vhere V. is the variance and C. the cost per unit of including a unit in

h h
stratum h. For a two-stage design, the relevant variance will be that
between PSUs, and this will not generally be known, even for an attribute,

- with sufficient accuracy to distinguish between strata.

Turning to the second reason for stratification, the need to spread
the sample, this is ©of considerable importance in areas as heterogensous
as are most African countries. In so far as the sampling frame is already
in 2 stratified order, the same objective is achieved by systematic
sampling (i.e. selection at a fixed interval in the list), the only dis-
advantage of the latter being that the extent of the reduction in sampling
error which results cannot be satisfactorily estimated from the sample.
With stratification, provided there are at least iwo sampling units selected

in each stratum the sampling error can be estimated.

In general, there is a conflict between the desire to reduce sampling
error by the maximum amount of stratification, and the desire to know the

sampling errori/. Two common solutions are the follbwing:

1/ The practical importance of this problem is small because it only
arises when stratification is pushed to the extreme. Several studies
have shown that highly detailed siratification rarely pays off in terms
of an appreciable reduction in sampling error. At the sidme time, when
rigorous e¢stimation of sampling error is impossible, approximate
estimates are easily made (and commonly used) by ignoring part of
the stratification process. Few statisticians would give priority
to the rigorous computation of sampling errors.

Sncogchun s bl A e Spowe it R i ik e R e e e DI
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(1) Stratification is pushed as far as geographical knowledge allows,
| and sampling wmthln the strata is then systematlo. This gives
maximum error reduotlon, w1th a compromise as regards knowledge
of sampling error: we can estlmate sampllng error as far as
the stratification taﬁes us and this gives an qppgr limit, the b
;‘further reduction in error due %0 systematic sémpling being

unknown,

(ii) Strata, or zones, are created and. exactly 2 PSUs are selected in
~each, by random selectlon. The Sampl;ng error can then be
egtimated satlsfactorle, and with the minimum of difficulty
since it is & 31mple function of the difference between the two
PSUs of one stratum. In mos+ demOgTaphlc appllcatlons, with
thls sample d881gn oﬂf1ﬂ1ency 1s maximal when the strata have
equal popula+1ons. Further, the d931gn ig self«welghtlng only
if the strata contain egual numbers of FSUs. The latter condition
is llkely to approxlmate the former and is perhaps the best basis
for stratification (unless the self—wel htlng condition is met

in some other way).

A further purpose which oiten leads to the 1ntroduct10n of stratlflca-
tlon w1th unequal Sampllng fractlons ig the need to ensure &n adequate
representatlon of domains of study whose populatloq is cw:ual?t..' If a propor-
thnate sample were selected, such @& domain would bhe represented by a
small sample, and the sampling error would be large for data relatlng to
that domalnl/ if the gurvey objectives require reliable data for such
*domalne they must be sampled with a hlgh&“ sampling fractlon and this means

stratification with unequal sampling fraculons.';

Finally we mentlon the pcsﬂlbllltv of &tratlfvlng sampllng units by
gize, with unequal sampling fractions in the strata. Thie is .sometimes

used as a substltute for PPS sampllng..'Iﬁsteédfof’allbwing the sampling

proabzllty to vary contxnuoaslv in oroportlon tp the PSU . 51ze, the PSUs

”,l/ Sampllng varlance is apprux1nutply 1nverseld proportlonal 10 the
' ‘sample 51ze,lnot to the sanpling fraction.
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are grouped into sige~classes and the sampling prdbability'is made to vary
step-wise, the probability in each stratum being proportional to the mean

~ s8ize for the stratum.

2.5 Sample size

Once the sample design has been fixed, including the number of sampling

unlts at each stage to be selected within each unit of the next higher stage,

the sampling standard error is approximately 1nversely proportlonal to the
square root of the sample size, i.e. of the aumber of PSUs selected. In
theory, the sample size could be decided by conslderlng, 1n the 1lght of
the survey objectives, what would be an acceptable samplzng standard error
and fixing the sample size accordingly. However, the computatlon requires
8 knowledge. of the variance in the population, more particularly the
variance between PSUs. (enerally this will be known only very roughly.
The degree cf precision which was adequate for fixing the allocation
between sampling stages (Section 2.2) is hardly sufficient when it comes
to fixing total sample size, which is inversely proportional to the

variance itself.

" However, as has been mentioned, most surveys in Africa are essentially

limited by the size of the field force which can be adequately controlled:
field ‘supervision is the bottleneck. When the sample design has heen.
fixed, it is therefore possible to compute the size of the survey which
can be successfullj fielded. Some very rough caldulafions should then be
made along the lines indicated in the last paragraph 1o estimate the
expected sampling error in order to see whether the survey is worth
_carrying out at all. This kind of approach to the problem of fixing
sample size seems- the most reasonable when knowledge of the relevant

. parameters is only very approximatej; it is, in fact, how most African

surveys have been planned.,

When considering the acceptable limits of sampling error,“it'iswpf
course essential to relate these to the amount of detail with which 1t is
desired to break down'thersurvey results. These two questions are opposite

‘sides of the same coin.
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2 6 Sampllng 1n time

. There would be little purpose in reporting results obta1ned from
surveys unless the assumption could be made that such results would hold
true over a longer period than that of the survey. In any field operation,
therefore, an implicit assumption is made about the variates as & function
" of times ‘Moreover, any such operatlon itself constitutes some kind of

“gample in time.

It is aé well to make thege questions explicit and to ask, when
des1gn1ng a fleld operation, what are the assumptions regarding time

)“varlatlon and whether the sampllng in time is adequate for the pﬁrpqse

L: envisaged."‘

Thus,Aif-seaéonal variations are believed to be important, the sample
. Bust systematically cover the seasons and in such a way that there is no
confusion -(interaction) between geographic changes, observed as a survey
team moves from place to place, and itrue seasonal variation.. Essentially
the same applies where there are marked secular trends, even without
seasonality. Further, if changes from year to year are important 'the

_.Burvey must extend over a long period. It has been argued, for example,

'i:that demographic surveys de51gned to give a direct measure of vital rates

have been of limited value in Africa because they have almost never covered
more than one year and the rates vary widely from year to year. Thls type
‘1of obaectmon should at least be considered before flxing the time sohedule

of any vltal rate enquiry.

..Another type of survey is designed to measure the effect on vital
rates . of some kind of official action or campaign. Here again, care is
needed to eliminate seasonal effects. For example, if the survey is-to
be repeated 2t annual intervals then the field work must be performed at

the same period sach year.

2.7 -Relation to other sampling operations

It is @ common experience in all regions that, once an authority has
decided to conduct a sampling operation, other interested parties try to
join the bandwagon and to have additional sampling eguiries linked to the
original project.
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In Africa, demogrgphic and housing surveys are particularly likely
to find themselves associated with other iypes of survey. This is perhaps
mainly because, in a region where sampling frames are rare, many surveys
inevitably incorporate a round of field operations whose purpose is to
list units in order to prepare a sampling frame. Sﬁbﬁ 1ié£ing operations

provide & convenient opportunity for colleeting demngaphic or housing data.

In deciding whether to amalgémate operations which bave different
purposes, many factors have to be considered, of which the most important
is probably the danger of overloading the learning capacity of enumerators.

In this paper we limit discussion to those which direetly concern sampling.

Firstly, Wwe have to consider whether the units of enguiry for the
‘different operations are compatiblé. If they are not, this is not neces- -,
sarily an insuperable difficulty: 1t may be possible to cluster the units

'so that at least the clusters are compatible.

Secondly,s are the desired sample designs crmpatible? Again, if they
 ‘§re_not identical it may be possible to abuorb one as a subsample of the
~other. If stratification requirements are incompatible it should be asked
how much efficiency would be lost to either enquiry by deviating from the
optimal stratification. .Many demographic characteristics are distributed
alﬁost at random, so that it is often reasonable to subordinate the
stratlflcatlon requlrements of a demographioc enquiry to those of an

assoclated agrlcultural or economic study.

. Th;rdly, are the time--sampling reguirements crmpatible? For example,
1% may be decided that the most efficient plan for a demographic survey
would be to coyer the.country progressively region by region, but for an
agricultural survey all regions may have to be.cnvered at harvest time.
In many such cases the optimum\so}ution ig likely to involve separate

rounds of field work fer the different objectives.



E/CN.14/SM/3
Page 20

-3+ SAMPLING OF RURAL SEDENTARY POPULATIONS
FOR DEMCQRAPHIC CHARACTERISTICS

3.1 Sampling units and sampling frames

3.1.1 Area gsampling units

In French-speaking areas of Africa satisfactory area sampling units
are provided by the yillages listed by the administrative census (or the
full population census in the case of North Africa). These are usuaily
 ?def1ned with adequate preclslon for sampling. They are rather homogenecus
"1n populatlon size - averaging 300-350 population. The popuiation given
in ‘the administrative census returns is in most cases somewhét inaccurate
" but can be used for PPS sampling or ratio estimation, Hdwever, if fhe
administrative censuUs population is used for PPS sampllng at the lst stage,
and 2nd stage sampling is conducted on the bas1s of the fixed number of
hougeholds selected in each PSU, it would not be advisable t6 assume self—
‘weighting. An enquiry in Dahomey showed that the administrative census
‘population was net in sufficiently close proportion to the number of houge~
holds. (Such discrepancies may arise from error in the census, movement
- of the population since the census date, or variation in. household size

in different arsas).

In Inglish~speaking areas of West Africa, cenmus enumeratlon areas
(LAs) can be used in the same way. They average 1 000 population in Ghana
and 300 in Nigerias However, in the latter there are in many cases
. uncertainties about both the boundaries and the population of EAs and it
-would seem impossible to obtain reliable total estimateg(as opposed to

rates) for any variable,

" Inthe countries of the Eastrkfribaﬁ G6umunity, thare‘aie
administrative units of average pdbulation 2 OOC. These are zemewhat
larger than is usually desirable for sampling but they have the advantage
of reagonably well defined boundaries in most areas. In this part of

Africa the rural population does not in general live groubed in villages.
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In Lesotho, Malawi cad Swauiland, BAs are very well mapped, with
average populations of 1 000 for the first two couwmtries and 500 for
Swaziland. In Botswana the only available units are villages: these
vary widely in size and, owing to seasonal migration, their population
is known only on an approximate de jure basis. In Zambia, EAs of average
population around 500 are expected to be created for the population censusg

planned for early 1969.

In Ethiopia there exist units, variously named in different regions,
whose identity seems to be fairly firmly established, although there are
no maps. Their population averages perhaps a few hundred, but in most
areas no useful estimates are available of the population of individual

units.

In Sudan the smallest units are the "Sheikships". These are well
defined administratively but no% always geographically. Their populations
in the 1955/56 census varied from about 100 to 1,000. Though unpubiished,
the figures are available at the Department of Statistics, Khartoum. In

gome areas tax lists might yield more up~to-date estimates.

In UAR the smallest area units are villages, with an average popula-
%ion of 2 — 3 000. These are very clearly delimited and their pepulations
quite accurately known. It is possible that smaller BAs will be created

for a census in 1970.

In many African countries (UAR is s clear exception), traditional
unite such as villages which catensibly relate {0 an area may be regarded
otherwise by the population. Thus, in the eyes of its inhabitants 2
village may be an extended family, acknowledging the authority of one
chief. Anyone subject to this authority belongs to the village, wherever
he may happen to live, and scme members may live distant from the main
area, surrounded by members of another village. Thus, villages freguently
overlap., The attempt to treat such units strictly as areas, with distinct
boundaries, may cause difficulties irn the field. It is hardly possible
to lay down rules for dealing with such problems. The statistician does
his best in the local circumstances and tries 40 minimize the logs or rigour.

In most cases he has to mzke some concession to popular opinion.
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3.1.2 BSampling of housing and households

Except in UAR, no¢ suitable sampling frames of housing or households
exist in rural Africa. In principle the population census could be used
for such purposes, but in practice it is hardly ever usable in rural areas
asg a sampling frame, whether for housing or for households. For housing,
the units listed may be uncertainly defined; or they may be baged on
ccoupancy #0 that they change in precise coverage as people move in and
outl/, or they may be difficult to itrace or identify. For a household
sampling frame, the main difficulty is the instability of households over
time, whether due to deaths, marriages or migration. This applies similarly
to any attempt to use tax lists or administrative census records as house-

hold sampling frames.

Thus, in nearly all rural African surveys in which a sgample of house-
holds isg desired it has been found necegsary to draw up new housing or
household sampling frames by means of a special listing operation. The
difficulties, mentioned above, which arise when a censug is used as a
sampling freme are then largely eliminated, mainly because the interval
between listing and the subsequent survey can be made very short. In
addition, the procedure isg under the control of the survey organizer, who
can arrange for any convenient definition of the listing unit; moreover,
the identification of units selected can be asgisted by the use of atickers
affixed t0 houses and in many cases by employing the same unumerators for

'listing and for the survey.

In only a few cases have African rural surveys been based on & census
as a household sampling frame, and this bas been only where the time interval

“between the operations was very brief.

1/ This mey ocour in error; contrary to instructions supplied to enume—
rators.
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3:2 Multi-stage sampling and clustering

3.2,1 Variance between and within PSUs

As explained in Section 2.2, the degreé of concentration or grouping
of characteristics in the population - that is, the degree of ocorrelation
. between members of the same PSU — is measured by the intra-class

cqrrelatiqn,.g.

‘Values of & have been investigated for a few characteristics in

-‘African surveys and censuses.

In Cameroun, birth and death rates were examlned for 23 geographical
strata 1n four reglonal demographlc surveys. For birth rates, most strata
ahowed values around .001 to .002, relating td’area units of 350-400

population. In Ghana, calculations based on the number of children under

1l year old found in each census EA gave values of_g‘somewhat higher than
the above alithough the area units concerned weré'larger: this may be due
‘0 recording errors in the ¢ensus or to the fact that the number of
surviving babies under 1 year old reflects infant mortality as well as
fertility. It is probably safe to regard the Cameroun values as typical.

For dsath rates in Camerodﬂ; somewhat higher véiues were found than
for birth rates. & averaged .002 but seldoﬁ exceeded .003.

Percentage employed among adult‘ﬁalés WaS”aléb'inﬁeétigated in the
Ghana census data and very hlgh values of & were found, the average being
about 0,1. |

thle few observatlonal data are avallable, gome general inferenoes

can be made about the behav1our of & in different circumstances.

(1) In general, the:larger the area unit c0nsidered, the smaller
the value of & to be expected, although the decredse in & will be
less than the increase in the size of the area unit. In practice,
unless a very wide range of sizes is t0 be considered one may

reasonably assume $ to be constant.

F S o R 1
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(i1) Stratification at ‘the lst stage normally ‘reduces the variance
between PSUs and fherefore reduces . - The extert of the
reduction depends on how closely the;etratzfylug‘varlable

is related to the variable under study. .

(i1i) Values of & will ndturally vary according te the variable studied,
because some characteristios are moreﬂolueteredithénJothere.
Age, sex and fertility may be expeoted'to have low intra—class
correlations, while for mortality the wvalue should be higher
(as was observed in Cemeroun) Employment charaeterletlce,
trlbe, nat10na11ty, rellglon, and other suoh varlablee in which
peoPIe tend to eort themselves out into homogeneous groups,
may ehow much hlgher valuee of 5'unleee the eample ie gtratified
to reduce variatlon withln strata for theee partioular charaocte-

rletlce.

Using these prlnclplee, reeults euoh as those quoted above, giving
values of § for a particular variable in a collection of surveys or strata,
are precise enough to give a useful indioation of the optimum sample size
within PSUs, which is=s not very eeneltlve to the exact value of 5, once

" we bave a eultable cost functlon.

3.2.2 Cost parameters

In Section 2.2 it ‘wasg ehown that optlmal allocation of the sample
between the lst and 2nd stages may be computed by balancing a sampling
error function agalnst a coet functlon. In f£ixing the latter it was

suggested that “coat“ mlght beet be measured in terms of IU—dayel/

Two parameters then requlre to be epeclfied.
T = number of IUmdays epent on each eample PSU,. 1ndependent1y of the

L
sample selected within the PSU

Ty = number of IU-days spent per sample SSU over and above Tl.

_/ IU: Investigating Unit. Either tho enumerator, or the team of
enumerators if they work together in teams in each PSU.
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In Section 2.2 the parameter %o be determined was n, the. number:.of
§8Us inm the sampleé in each PEU, .the 58Us being by implication households.
In practical applications it is more 00nven1ent 40 measure n in terms of
1nd1v1duale than households. This is merely a questlon of multiplying n
by the average slze of households, if ‘we measure the Ts in terms of
;1indiv1duals aleo, there is no need for’ any change in the formulas guoted

in Section 2.2.

T, bas been found in African surveys to be typically 2 or 3 days.

T, varies more widelyj in particular, if the IU consists of a teadm of r
enunerators T2 will-be r times as small. In theory one might. expect an
enumerator to be able to cover at least 30 1nd1v1duals per day (T, = 1/30r),
but in practlce thls level is not normally achieved over a whole survey

and figures as low as 10 per day (T - 1/10r) seem to be more normal.

The team size r w1ll generally be either 1 or around 5a

The formula for optimal n depends on T, the cost ratio Tl/T This
- will range roughly from 20 to 60 for enumerators working 81ng1y, while for

enumerators working in teams of 5 the range is from about 80 to 300.

Talking § = 002 as a typioal value for the 1ntra-claee correlatlon
(see Section 3.2. 1), this leads to the following optlmal values of n.

Single enumerators: n°Pt:.:j,}pq - l?Qf

Teams of 5 enumerators:’ 'nopt' - 200 - 400

For age, sex and fertility, optima. will be rather largEr.: For trlbe,
relzgion and employment they will be oon31derahly smaller.“ Thus for 8
typical multl-purpoee demographlc survey it would be reaaonable to select
a sample of 1 or 2 hundred in eaoh PSU. '

- For varying values of n, the coet for glven sampl1ng error is

proportional to

ey

%(lezn)(l;sn_sy
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?Ehﬁﬁple'l*”
'T'Suppose T = 3, =T2 = 1/10 (single enumeratorc), $ = J002.

Thls 1eads ton = 122.
: opt

If, instead of the optimum, we selected 5 times the optlmal n in each
PSU,~then the cost to achieve the same sampling error wculd be increased
by 51%. However, we ocan select iwice the cptlmal n with an add;tlcnal

cost for given error of only 8%.

Example 2 ‘
Suppose Tl =2 T,s= 1/50 (teams of 5 enumerators), O = «0015.

This glves n = 258.

opt
If we selected 4 times the optimal n in each PsU, then the cost for
the same sampling error would be increased by 45%. If we ‘gelected
twice the optimum, the cost for the same error would be increased by
ld%. . : . f o rad o .

Very broadly summarlzed, theee results suggest that, for a typical
:-rural demographlc survey persons in Afr1ca, it would be wasteful to select
a sample of more than 300 or 400 per sample PSU if enumerators are to work

singly, or about tW1ce this number 1f ‘enumerators are to work in teams of 5.

3.243 Cluster sampling

If the optimum sample size within PSUs is close to the total population
of each PSU, then this is an argument for surveylng evegxone in each PSU,

* L for cluster eampl;_g.

4 cluster sample may - also be used even 1f the optlmal n 15 much smaller
than the PSU size, by creating: secondary area unlte W1th1n PSUe equal in
8ige 1o the optlmal n. All households w1th1n each seleoted SSU are then

surveyed, g1v1ng a cluster sample satlsfying the optlmallty fequirements.

There are a number of arguments which favour cluster sampllng in

demographic surveyc.
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If there is to be any sampling of houzsholds, & special listing
operation is required in each selected area in order to prepare

a2 household sampling frame, whereas if cluster sampling is used,
no such Operation is necessary. Agalnst this, however, it may be
argued that in many areas houses or households are clearly defined
and where thies is so the "llstlng” may be carried out concurrently
with the survey: the enumerator merely selects for interview
every nth house«/ or household. Other statisticians have argued
that, even if there is to be no sampling of households, a house-
listing operatlon ought to be regarded as an indispensable preli-
minary to any enumeratlon of tne ponulatlon. Eitker of thesge
arguments tends to annul the argnment at the beglnnlng of this
paragraph.

Whapevér is thought of the abofe afgnments, it is certain that
sampling iequires-additional-instrﬁctions and training for enume~
rators and additionzal SupePVISJou 2 check error or falsification.
In the cass of conocurrent sampllng, unltess he sup°rv1sor is
actually present during the emumeration it may ba 1mposs1ble to
detect the nﬁmerator vwho deliberately numhers ho sns 1q such a

o~
s

way that +the seuiple Tualls on emaliser Loasehu:dsu Thls error

would have a direct dlstortlng effect on *he nain survey results.

The "hOLsehold" is; in many African SOGlethS; difficult o define
and rapldly varylng in membership over a pericd of time. Thus,
there 1s an advantage in avoiding its use as a sampling unit,
Where the alternative of sampiing houses or compounds is not
satlsfaotory, cluster esampling provides the best solution. In
Any cage cluster sampling is g;mplerAfcr enumerators: by basing
the.enumeration on an area unit there is less doubt about, who is

supposed to be covered. , S - -

In practice, it will be found embarrassing to apply any arrangement

involving a sampling fraction within villegés which ig high

_/ The definition of a "houee' for this pvvnose woutd depond on local
circumstances. :

YRR 8 A AL 1 L et n o
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(say over 0.5) but less than 1. The people not selected want
to know why. Where the optimum sampling fraction within

villages is above 0.5, this argues in favour of cluster sampling.

(v) Efficiency'in data collection may also argue in favour of a
cluster design, particularly for vital rate surveys. Thus, if
all households in a village are surveyed, there is more chance
of getting information about births occurring in households which
are absent from the village at the time of field work but which
belong to the target population. There is élso more chanoe of
eliminating double counting of deaths due to'reporting of the

‘same death by more than one household.

(vi) Finally, as we hé#e noted above, substantial deviations from the
optimum sample size per PSU can be aocepted with litt;e increase
in cost. This fact may lend welght to the argumenfs Quoted above

for cluster sampling.

_ As long as the units available for use as PSUs are not much bigger

than the optimum cluster, then these arguments are certainly overriding

in favour of cluster sampling with PSUs as clusters. If, however, the

PSUs are much beyond the optimum size, so that they are not suitable as
clusters, then there isg a choice between two policies: creating secondary
area units for use as clusters, or sampling of houses or compounds. In
most cases the latter solution will be both simpler to organiﬁé‘énd mere
efficient as regards sampling error; the main objection‘ié the difficulty

of preventing manipulation by the enumerator. This solufion has been
adopted in several surveys in French—speaking African countries, but limited
to large PSUs. In Cameroun, for example, in those PSUs whose population
-exceeded twice, thrlce, etc., the optimal n, every 2nd, 3rd, etc. house

wag selected. In these surveys enumerators worked in teams under the

direet supervision of a team leader (contréleur);r Ih these circumstances,
perbaps only point (v) above remains as a substantial argument’ dgainst this
prooedure. But whers close supervision is not availabls it hardly seems
‘edvisable to adopt the house-sampling method as a regular proégaa;;:hln view

of the danger of manipulation by the enumerator.
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The alternative, creaticn and sampling of secondary area units, can
be more easily controlled, although only at con51derable add1t10na1 expense.
Two procedures are available which seem to be reasonably proof against

falslflcatlon.

(1) Secondary area units are created in selected PSUB by a special
team in advance of the survey. A member of the team should
"accompany the survey enumerator when the latter starts work in

the PSU in order to show him the area to be covered.

'(ii) SSUs are created by the survey enumerator, who prepares sketch—
maps and descriptions. The supervisor then visits the p8u,
undertakes the sampling, and checks over the boundaries of any

selected S8U wita the enumerator.

, Both methods are clearly more expensive than the house-sampling procedurs,
the former because every PSU has to be visited twice, the latter because
it seems 1mposs;ble to avoid some wasted time while enumerators await the
visit of the supervisor. A team—worklng method would of course solve this
problem, sinoe the supervisor- ‘could be present in the PSU throughout -

but in this case the house-sampling procedure would be preferable.

3.3 Details of sample design

In the light of the principles outlined in Section 2.3 and the obser—
vational data reported in Sections 3.1 and 3.2, we can now suggest optimal
sample designs for rural demographic gurvey

The flréf step is to adopt a suitable area unit as PSU, This will

“ generally be choaen as the smallest area unit for which reliable boundaries
_‘ can.be 1Qent1fied.

i @he next- step is .to estimate & and Ty from experience of other surveys

OPt = \/'IT/E’_ the

optimum sample size.perPSU. In assessing 5, a compromise will7be heocessary

conducted in. comparable conditions, and hence to eompute n

l/- These designs ignore geographlcal stratlflcatlon, which is treated in
Section 3.4. If such stratification is used, they may be regarded as
describing the design within a stratum.
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since any real life survey has several objectives, for which § will VETIY,
Further, for estimation of T a decision has to be taken at this stage whether
‘ .anumerators are to work singly or in teams. If singly, we may expeot a

value of nopt around 100 - 2003 if in teams, about twioe this.

Finally, a decision must be taken on the sampling procedure to be addpted

within PSUs which are too large to serve as clusters: whether to cpeate
smaller area units 10 serve as clusters or to sample houses. The arguments
for and against ench method have been set out in Section 3.2.3. Broadly,
the house—sampling method is simpler and cheaper but requires very close
‘supervisiOn. It Wéuld appear preferable where the team-working method of
field érganizatidn”is used and a supervisdr is present in the PSU with the

team at all times.

Theﬂdetailed sample design can now be fixed. The basic prinoiple will
e to create, in each PSU, either clusters or house-samples of population
"very roughly equal to n ~ or at least not much more than twice this

‘ t
°p . 1
size. We now con51dex the various cases separately~ .

3.3.1  Large PSUs to be split intn smaller area units

- We suppose here that a decision has been taken to deal with large PSUs
by splitting them into secrndary area units (SSUs) whish will merve as

clusters.

Splitting a PSU invelves additional work. It is therefors reascnable
to leavé PSUs as they are unless their population exceeds about 2, or even

‘perhaps 3, times n » However, for PSUs which are so large that splitting

. opt
becomes unavoidable, the number of SSUs to be created in the PSU should be

based on the principle of making S8Us of size n — or perhaps a little

opt
larger, since the formula for nopt ignores the increasing cost as the number
“of $88Us increases. In creating SSUs, the primary rule is that bmundaries
should be clear.” Subject to thls condition, it ims desirable that the SSUs

‘in a glven PSU should be approxlmately equal in population.

1/ Ir all cases, unless otherwise stated, uample selectiou sheauld be
gystenatic rather than random.
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We now further subdivide the discussion into two cases.

3.3.1.1 If PSU populaticas ave kaown in advonce of sempling

If no P3Us exceed about 3n 5
opt

subsampling and acocept the PSU as the cluster in cvery case.

it would be better to abandon any

Otherwise, the larger PSUs should be splii;;-/e On the hasis of the
principles just stated, we can draw up a %t2ble showing the number of

SSUs to be created according to the size cf the PSU. The following example

is based on the supposition nopt = 250.
Census population No. of 35Us to be
of PSU created in PSU
. 600 (see note c) 1 (leave PSU unchanged)
600 —~ 750 2
751 — 1050 3
1051 — 1350 4
1351 - 1650 5
ehce.

NOTES: a) HExoept at the beginning of the series, S5Us are created
on the basis of 1 per 30C population, i.e. slightly more
than n o
opt
b) It may be advisable to allow for inaccuracy or obso-
lescence of the census data: nopt should relate to the
true currernt population.

¢) Very small PSUs {say, less than 100 pop.) may be grouped
with neighbours if this is practicable, to reduce travel
cogto.

1/ The primary purpose of most demographic surveys in Africa is to
estimate rates and percentages, not aggregates. Where, however,
egtimation of aggregates is important, 1t should be noted that the
oreation of secondary area units for which census data are not available
will in general substantially increase sampling orror, because it rules
out the possibility of using the census directly for raising. In these
circumstances, PSUs should probably be accepted as clusters up to a
much larger limit then suggested above; cr else the house-sampling
method should be adopted, under proper control.
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Now list the PBUs in the sampling frame, each with its census popula-
tion, and, by referring to the above table, enter against each the number
of 38Us to be created. . . T -

This amounts t0 a hypothetical list of S5S5Us, though they have not yet
been created in the field. Sample S85Us from this list at a fixed interval *

from a random stvart.

Any SSU selected falls into a partioular PSU. This gives a sample
of PSUs.

Send enumerators inte the sslected PSUs to create the stated number

of S8Us in each one.
Sample 1 SSU at random in sach selected PSU..
Interview all houssholds in each selected SSU.
The sample is self-weighting.

An alternative

The creation of a fixed and large number of SS5Us in a given PSU is

not a simple operation — e.g. to create exactly 10 SSUs in an area reguires
considerable skill by field workers., Thus, if the number of SSUs to be
created per PSU is to average more than, say, 5 or 6 it may be advisable

to adopt the following procedure.

Seleet PSUs with prohability proportional to population. In each
gelected PSU create SSUs of population approximately nopt (or a little
more, as suggested above). Select among these with probability inversely
proportional to the seleciion probability used at the lat stage (for method,
see end of Section 2u3). This gives & self-weighting sample and approximates
t6 the method just described, but the number of S5SUs selected per PSU will

no longer be always exactly 1.

3.3.1.2 If PSU sizes are not known, even approximately

In this case we have no choice but to select PSUs with equal probabi-

lity.

L

In each selected P37, crecate SSUs of population approximately nopt
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Select 1 SSU at random in each PSU.
Interview all households in each selected SSU., =~
. The sample requires re-weighting at the data-processing stage.

AnTalternative

_ If there is. to be a time interval between creation of SSUs in the
:whole stratum and the stard of interviewing in that stratum, a simple
alternatxve whlch ylelds a self—welghtlng sample is to collect the list
of S8Us at a central p01nt and sample from it with 8 fixed probablllty.

;4} 2 Large PSUs to be treated by sampling houses or compounds:

.. The principles here are much the same as in 3.3.1, except that, as
long as satisfactory control of field work can be assumed, there is now
.16 penalty in the sampling procedure as such, so that we 6an éffarﬁjio
introduce house-sampling as soon as the PSU population exceeds 1. 5 nopt’

and to aim at samples as close ag possible to n0pt individuals 'in each PSU.

We now consider two. cases separately.

3.3.2.1 If PSU sizes are known approximately in advance of
sampling
The simplest procedure would seem to be tc select PSUs with PPS, then

to sémple hoﬁses (or compounds) within each PSU in proportion to the
reoiprbqél of the prcbability used at the lst.stage, the constant .of
prbportionaiity at the 2nd stage being chosen so that this procedure is
.expgbtéd to yield a sample of sige B,y POTSONS in each PSU. The survey

should cover all households in the selected sample of houses.:

32342.2, If PSU sizes are not known, even approximately
In this oase we have to select PSUs with equal probability.

A rough reconnaissance will have to be made of each selected Psﬁﬁin
order to fix the 2nd stage sampling interval; which should be chosen g0 as
opt-PeTEONS.
This deoision must be taken by a responsible officer. (The interval will,

Yo yield a sémple of housés in the PSU containing approximately n

of course, vary in different PSUs).

Py U P P I
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The sample requires re-weighting at the data-processing stage.

3+4 Stratification .

The main principles.of geographical stratification have been outlined
in Sectlon 2.4 and there is little to add when it comes. 30 praetlcal
application. Generally very little is known in advance about variances
-and costs in different strata, so that there is 11tt1e scope for 1ncrea81ng

eampllng efflciency by sampllng W1th unequal eampllng fractlone.'

o Except where the purpose of a demographlc survey is to estimate the
"whole populatlon of the country, there may often ‘be a requlrement

for.a sample design which gives:- equal preelslon in each &f the main
regions of the country. This dipplies approximately equal sample size in
each region, which will usually mean unequal sempling fractionsi -Henerally
the most suitable plan will be to introduce these unegual fractions At the

lst stage of sampling.

Stratification and syetematlc selection can then be introduced as

outlined in Section 2.4. If there is any sampling of houses or households,

theee should be selected by systematic sampling.;;m

3.5 Sample size

! When thé principles outllned in SectiOn 2 5 are applied 1n practloe
they have in most cases led to a sample of 50 000 to 150 000 pereons Tor
African rural demographlc surveys. Most such surveys have, however, ‘been
firegional din coverage. UIf it is desired to cover a Whole oountry whose
.“botal population exceeds 5 mllllon, guch - a sample would probably not glve

sufficient detail for small regions.

. It i& hardly possible to- go further than this and to E§ecify more
précisely what sample size is necessary for a satisfactory su}veﬁ. As
explalned 1n Sectlon 2¢5y in most cages the Pprocedure. has been: to carry
l:out the largest survey which can be flnanced and supervised. The.analysis
ot the data in terms of small reglone is then carried as far .as: sampling

"'errcr permlts.

AT T
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3.6 Sampling in timekj

In any demographic survey there are at least three different aspects

of the time sampling which require a decision at the planning stage.

3+6.1 Concentration or dispersiocn of the period of field work

Some African demcgraphic surveys have been oiganizéﬁ"in such a way
‘as to complete the field work (at least for any given round) in the
shortest pbssible time. Examplez are the Nigerian demograpﬁié'survey
of 1965/66 and the Ghana population survey of 1966. This pfocédure
involves the use of a large force of snumerators, with supervision by
personnel who have a relatively low level of training. The éiternative,
widely used in French-speaking African countries, is to use a small force
of enumeratoré divided iﬁto a few teams, each closely supervised by a
well trained team leader (contrﬁ%gga), which move around the country

collecting data over a perisd of nany months.

" The former procedure pfodﬁces data'which are more convenient for the
demographer, since the whole area of enguiry is covered simultaneously
although there is the disadvantage that seasonal trends are not allowed

'fop; in the latter method, difficultiec of interpretation can arise
through confusion between seascnal movements of the population and
- movements of the interviewing teams. On the other hand, the precision
rof the data collected by the second method is likely td_be superior,
because supervision is stricter and enumerators gain efficiency through
experience; in addition, the smaller number of enumerators may make it
possible to apply stricter standards in recruitment. In one regional
survey in Cameroun, for example, almost every questionnaire was inspected
within 24 hours of its completion by one of the team leaders who moved
with each of the ten survey teaus. Any detectable errors were rectified
gt once by a return visit to the houssehold. Every questionnaire was also
;/ The subject matter of this section has been +reated in fuller detail in
the ECA Seminar on Vital Statistics held in Addis Ababa in December

1964. Among the semirar papers, see in particular: on recall lapse,

Technical paper on non-sempling errors and biases in retrospective

demographic enguiries (E/CiT.14/CAS.4/VS/3)5 on follow-up surveys,

Methods of obtaining vital data in developing countries (E/CN,14/CAS.a/

VS/5)s on use of long—-term retrospective data, Uses of census or survey
date_for the estimation of vital rates (E/CN.14/CAS.4/¥S/T).
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inspected within a short interval by one of the two qualified statisticians
who organized the field operations. In thess circumstances enumerators
learn rapidly from their mistakes. Supervigion of this guality is not

possible with the '"one—shot" type of survey.

3.6.2 Retrospective versus follow—up survey

If data are collected on vital events, a decision has to be taken
whether to obtain these by retrospective questioning, in which respondents
are asked to reoall events occurring within a specified period, or by a
follow—~up survey, in which changes in the population are directly observed
by re-visiting a given sample of householdsafter an interval. The former
method is known to produce serious recall error, though techniques have been
-suggested for adjusting for this by assuming a particular mathematical
model for rocall lapse, and thence extrapolating to zero recall-periocd where
recall error is assumed to vanish (field work must be spread over a year
to &liminate seasonal variation)l/. Inevitably there is uncertainty about
the validity of this latter assumption and about the choice of model, but
the method has the advantage of cheapness since only one round of field
work is neeled. The follow-up method involves fewer assumﬁtions but costs
about twice as much at the field stage and in most cases involves much
greater complexity at the processing stage—/ Moreover, it cannot altogether
avoid the need for retrospective questioning since there is no other way
of obtaining information on babies who are born and die between visits
(a check on pregnancies at the 1st round may, however, eliminate some
eirors of this kind). In a typioal follow~up survey the first and last
rounds are separated by.12 ronths; thers may or may not be an intervening
| round between these two. The method was used very successfully in Nigeria
in 1965/66.

1/ Som, R.K. (1968). Recall lLapse in Demographi o Enquiries. Asia
Publishing House, Bombay.

- 2/ The Nigerian survey of 1965/66, however, showed that: 1t {8 possible

to arrange the work in such a way that data—prooess1ng ia noc mere
complex than for a single round survey. _
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3,643 Long-term retrospective data

If the right questiOné are asked it may be possible to get reliable
data covering a much longer retrospective period than one year. Thus, women
may be asked to state the total number of .children ever bobn 1o them. Brass£/
has suggested relatively elaborate methods of analyzing such. total fertility

data, in conjunction with data relating to the last 12 months, in such

a way as to eliminate both reportingrerrdr and bias due to differential

survival of mothers. The nﬁmbep of assumptions made, however, is consi-

derable. Mortality may similarly be estimated by asking respondents

whe%her_their parentis are living.

Methods of this kind have the advantage of covering a longer period
and 80 eliminating short-term fluctuations in natality and mortality -
which may beﬂﬁarticplquy important in cecuntries of low rainfall. Their
disadvantag; is that they involve considerable manipulation of the data,
depending on numerous assumptions; often crnclusions are considered to be

supported by the convergence of ev1dence from more than one type of analysis.

ﬁIt is very difficult to know exactly how much confidence can be justifiably

accorded to ev1dence of such a complex character.

It should be noted. that collection of long-~term retrospective data is

.in no way an alternative to colleetion of short—term information. In most

surveys both methods have been used.

3.7 Relation to other sampling operations

Thig topic bas been adequatély discussed in Section 2.7. When a
proposal is under consideration for linking a demographis éurvey o another
sampling operation, the implicaticns sheuld he. carefully studied, both from
the sanppling and non-sampling point of view, and a decision taken on the

merits of the case. The faciors to be considered as regards sampling

~have been outlined in Seetion 2.7.

1/ Brass, Wi, et. al. (1967). The Demegraphy nf Tropical Africa,
Prinoceton.
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4. SAMPLING OF URBAN PCPULATIONS FOR DEMOGRAPHIC
AND HOUSING CHARACTERISTICS

4.1 Sampling units and sampling frames

- 4+1.1 Area units

Most large Afrlcan towns have been covered by a complete censua
during the 1ast 10 years.p Such an operation oommouly leaves behlnd a
legacy of a well defined structure of enumeration areas (EAs) which are
generally sultable for sampllng purposes,'at least in the larger cltles.

In the smaller towns (say, under 100 000 p0pulat10n), guch units may not be

~sufficiently numeérous for satisfactory sampling, but in many such cases
-the small size of the town makés a’ complete count feasible even in the

.- centext of ‘a national demographic sample survey, 80 that no sampling

"problem Arisesm.

Many Afrlcan towns alzo have avallable recent large—scale aerlal

' photographs or detalled maps wh1ch enable blocks to be marked out which

can be used as area sampling un1ts. In general, suoh units have the
disadvantage that their populatlons are not known even approximately;

~but in some dases rough Population eéstimates can be obtained by counting
buildirige observed in-the photogreph’ or map and multiplying by an estimate

of the ratio population/buildings obtained from the latest census for

each district of the town. .Such. estlmates can be used either direotly

for sample raising (ratio estlmatlon) or for creating blocks of approximately

constant 3126.

_4,1,2 Units based on housing and property

In most African towns there ‘are numerous cenoceptual diffieulties in
defining units based on housing; and this ‘means that it will généfélly be
troublescme to try to sample from lists of ‘sich units obtained durihé‘a
census;/. Sampling buildings from aerial photographs is even less

praocticable.

*/ Hcﬁevar, the methpd qeems,to have been usad with suceess. 1n GAR.
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A few African towns, however, are laid out in a simple grid structure
whlch leads directly to clearly defined spatlal unlts of property, or
"lots", Brazzaville and Kinshasa are notable examples, where the lots are
termed parcelles. Such uits may be sampled from aerial Photographs,

' from census records (Brazzaville) or from municipal registers (Kinshasa).

" In some towns this may be possible in certain districts only (Khartounm,

Omdurman)

. FMinally in many African towns even whers 1ay—out ise unsystemat1c,

rmunicipal records exist which are claimed to cover every inhabited building.
; Theae should never be used for sampling without a prelxminary field chedk

"‘ to 00nf1rm (a) that a very high proport1on ‘of the inhabited units are in

.faot listed and (b) that any seleotad unit can be unambiguously and rapidly

ijdentified on the ground. | o ‘ B

4.1.3 Househbpld lists, tax lists, etc.

African urban populations generally have a very high level of mobility
(see Section 4.6) and household lists are not likely to be useful for
sampling when they are more than a féw months old. Thie means that in

practice household sampling"frames are virtually unsvailable.

In 8 aumber of countries tax lists are available which are suﬁposed

_ to cover the whole urban population. This claim should be checked by &
._smali samplé field operation before suéh lists'afe ﬁsed for sampling.

Even 1f the list is found to be complete;'there may be diffioulty in
converting it from a list of taxpayers into one of households. Recently

in Tananari#e, for example, such a list was examined carefully with a view
o its use as a household sampling frame; over a period of 2 weeks, new
categorieé of exempted persons constantly came to light and the difficulties
" of converting to a household list were seen 10 be more and more troublesome.

Finally the attempt to use the tax list was abandoned as impractiocable.
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‘ 4;2 Ciusteringﬁand multi-stage sampling

There seems to be almost no evidence on variances between small

areas and field costs for the urban sector in AfricaQ/.

.. -r Urban populations, of course, tend to stratify themselves by income
-and social class and such strata are readily identifiable. Within any
stratum it is reasonable to suppose that demographic characteristics would
be rather evenly distributed, i.e. the intra-class correlafion would be low.
This would favour a large sample in each area unit, or large clusters, but
'rdn thé othef hand the cost advantage of grouping the sample is clearly

| véfy;éméll in urban éreas, so that it is not immediately obvious whether

~ the 6§timﬁm degree of grouping would be greater or less than in the rural
-sector. VHowever,-it is doubtful whether this approach - balancing a
continuous cost function against a variance function ~ is really ap?ro—
priate inm whom soadidions bocause there is practically no cost advantage
in creating household groupings or clusters larger than can be covered by
one enumerator in one day. This is because enumerators must go home for
the night and it is just as easy for them to go.to a new location in the
morning as to return to the old one. Thus, a reasdnable policy is to fix
the number n of households to be selected per PSU at less than the daily
epumerator's gquota. This will almost certainly be lggg than the optimal n
~.computed without taking account of the fact that the epumerator returns
home each night, so that such a policy will be optimai as regards sampling

error and cost.

The above discussion assumes that.nguitable sampling fraﬁe‘éxists for
sampling households, or 2% least some kind of unit based on housing. As
* we have seen in Section 4.1.2, this situation is comparatively rare. At

. this point it is necessary to complete the discussion under two separate

“ -‘heads.

;/ An exception is the Ghana census data on percentage employed, mentioned
in Section 3.2.1, where the intra--class correlation between Eis was
found to be at least as high as for rural areas — namely over 0.1.
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4.2.1 Cities or districts of regular lay-out SRREMETY

In areas organized on & grid-plan it is é simple matter to create

' blocks of almost any desirved size. A possible design would be (4.2.1.1) to
define blocks corresponding approximately to the size which can be covered
by one enumerator in one day and to use thesé as clusters, covering every
lot wifhiﬁ the gselected block. This would meet the optimality requirement
already noted. If, however, the overall sémélinglfraction is fairly high,
the cost advantage of such grouping of the sampléiis quite small and the
guestion arises whether it would not be prefefablé to select (4.2.1.2) a

‘single gtdge sample of lots, with no groﬁping or clustering.

In choosing between these two alternative plans the main factors

fo be considered are probably the following:

(i) Can lots selected from the sampling frame be readily traced on
the ground? If much time is likely to'be wasted on this activity
a cluster sampling procedure with blocks as clusters is likely

to be preferable.

(ii) Is an important objective of the survey to collect data on
housing? Informal observetion suggests +that housing characteris-
tics are highly grouped or clustered and there will be an
advantage in dispersing the sample as much as possible. This
argues in favour of a single siage sample where housing data
are imporitant to the survey. The samé reasoning applies where

employment data are considered “important.

4.2.2 Cities or districts of irregular lay-out

If lay-out is irregular, then even if an accurate house-list exists
it is unlikely to be convenient for sampling, for two reasons: (i) the
size of the houses (or whatever unit is listed) is likely to be excessively
variable, and (ii) selected houses are likely to be difficult to find.
However, provided neither of these condltlons holds the case may be treated

,..y;. ..

as similar to that in the precedlng sectlon.

If there is no convenient houge-list, at least four alternative plans

méy be considered.
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4.2.2,1 Aerial pho,ogrﬂphs o maps. may ue‘ d to create small
blocks which will serve ag clusters. If the blocks are
too 1arge the samp¢1na errom is 11k01y £0 be excessive,
but if they are small the amount of work 1nvolved in block
ereation for a falr_s1zed towa may be conclderableu This °
method was used in Yaoundd in 1964 \ﬂOpuLatlon 100 000),
where blocks of 40-50 houses nere created. From the
sampling point of view this seems 1¢kely to have been
well above the optlmal blo lve, bvt the llstlng of
houses and households w1tn1n %elected blocks served at
the samé time to prov1de a sampling frame for a household
budget survey in which one enumerator was to operate in
each block. The block size was delerminéd primarily
with thls purpose in view. Moreover, the creation of
bloeks of substantlally smaller gize would have required
a prphxb;tlve amount of labour. Incidentally, hcusing
information wés collscted ih this svrvey from the nouge-—

hold budget mample, not at the houge—llsulng stage.

§.2. 2 An exhaustxve housing census; or a ccmpleie count of
bulldlngs or kousen,ray bu_m..:‘icd out which will provide
a sampllng frame for a demographic. encuixry. This proce-—
N dure was used Ln Addis &baba in 19570 The difficulty of
l”:“ldentlfylng selected unite may be reduced by the use of
’étickers Whichlare affixed at; tho initial listing stage.
The method would not give a ey FatiDLacto <y, sample in
“%¢ims such as thosc of r'ovd‘heLn Ghans and N*gorla. where
buildings vary greatly in 5148, wunlecs i is found posasible
- tolist relatively small houvming units “afhei thaﬁ‘
luildings ((but this has it own dl¢xncu3t1es - see
Section :4:¢2.2.4 below). B o

" 442,2.3 In larger towns it may be conv: :ient. to 1ntroduce a lst

stage of area sampling by S“*GCulhg a gample of EAgm.

There is then a choice between le1”¢nO bLe selected EAg
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into blocks by a field operation, each selected block

to serve as a cluster, or listing all houses in selected
EAs and sampling from this list. The latter is considered
in Section 4.2.2.4. In the former case, blocks should be
made as nearly constant in“population"aé ﬁracticable,
without sacrificing the requiremerit of well defined

boundaries.

4.2.2.4 Creation of blocks is not a simple operation and it is
' probably no more laborious to list every house in the
selected EAs and sample from this list. There are two
alternatlves regardlng the choice of llstlng unlt. We may

chooge a large unlt, such as the compound or house number,

or we may choose a smaller unit 1ntended to correspond
approximately to one household. “In some areas the
compound typically oorresponds to one or two houaeholds,
and in such cases this is almost certainly a better
solution than 4.2,2.3. Where there are no clear—out
compounds, however, there will be difficulties with either
type of unit. The large unit is likely to be éicessively
variable in sizel/, while any small unit will (i) be
difficult to re-identify for the enumerator who is
assigned to survey the selected sample units and (ii) may
ocut across households, so0 that demographic data are not
easily obtained for the selected sample. ‘Whether these
difficulties are over-riding can only be determined ty
preliminary trial and error in the areas concerned. If
they are, cluster sampling by oreation of blocks becomes
unavoidable. Cluster sampling is_aiso strongly indicated
for the sase of a follow-up survey covering a period of a

yYear or more: household composition, and utilization of

;} In urban areas of Engllsh—speaklng West Africa, buildings (or "house
numbers") are common in which over 100 people live, while in the same
areas ene also finds many traditional single-family houses.
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housing gtructures, ig so fluigd in many urban areas
that clear delimitation of saﬁpling units over a peried

of time can only be achieved on an area basis.

4.2;3' Note on housing units

The African Recommendations for the 1970 Housing Censusesl/ define a

housing unit as Ma separate and independent place of abode intended for

habitatiqn by one household, or one not intended for habitation but
ocoupied as living quarters by a household®, It is éxﬁiioitly provided
that éne housing unit may be occupied in fact by more than one houssehold,
and one housshold may occupy more than one housing unit. It follews that
hruging units in this sense cannot serve as sampling units for a survey
which covers both housing.and demography unless special provisions are
ha&e for re—ﬁeighting. It also seems likely from this definition that in
many cases the "housing unit" will not_be.very clearly demarcated and
thare may be differences of intefpretation between the units listed by cme
enumerator'and the selected sample units subséquently surveyed by another.
In most cases, then, it will be desirablé.fq avoid use of the "housing

unitﬁ as a sampling unit.

- Where sampling of housing is still desired one may seek a larger unit,
- more clearly defined and not cutting across households or housing units.
As stated in earlier sections, this may be the lot or the compound in
cities where these are clearly defined, or elsewhere it may be the house
number. The latter has the disadvantage, in many cities; of being highly

- variable in size besidez being difficult to trace.

There is of course no objectiun in prirnciple to use of different

concepts as sampling units and reporting units. The United Nations defi-—

- -nitions are concerned with the latter.

e

- AT

1/ E/CN.,14/CAS.5/CPE/LC (Fuly 1967). Eoonomic Commission for Africa.
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4.2.4 Note on housing surveys

Housing characteristics are generally highly clustered, so that a
diéperesed sample is desirable, In some cases it may be sufficient to
collect housing information from only a subsample of the units counted
during a listing operation. In some surveys, housing data have been
collected from a subsample of the demographic sample. This procedure
involves omitting unoccupied housing, though it is possible to make
separate arrangements to cover this. It may also lead to difficulties

..Qver incompatibility of housing and demographic units.

' 4,215'-Summary

It w1ll be seen from prev1ous sectlons that we oan ohoose from
maﬂ&“satlsfactory des1gns for demographlc and houelng surveys in urban
areas. The ch01ce depends on obgectlves and requires a careful study of
the 51tuat10n in the town 00ncerned. It is, of course, possible that a

dlfferent ch01oe Would be made for dlfferent dlstrlcts of the same town.
The de51gns that have been suggested above are the followings:
eeseois HExhatigtive’ census

4.2.1.1 Blocks created on basis of grid-plan of clty. Cluster

‘ sample; using blocks as clusters.

4.2.1.2 Slngle stage sample of lots selected from grid-plan of
" city.

4.2.2.1 Blocks created from aerial photographs. Clustér semple,

using blocks ag clusters.

4.2.2.2 Exhaustlve housmng count. Sample of compounds or

houses from this llst.

de242.3 Sample oquensua_EAs. Creation of blocks within selected

EAs. Cluster sample, using blocks as elusters.

9‘4.2.2.4 Sample.pf_qensus EAs. Listing of houses or compounds
~within selected EAs, -Sample from this list.

N e e © b Pl MR © 5 bt 1 o et e
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4.3 Fixed yersus variable sampling fractlons

Of the sample d951gns Just listed, only the last two require a decision

as regards varlablllty of sampling fractionsj the others either involve
no sampling or it is self evident that sampling should be with fixed
probabilities (at least within strata),

For designs 4.2.2.3 and 4.2.2.4 there is @ choice between sampling
EAs with fixed probability or with probability proportional to their
cengus population. If fixed probabilities are used at the first stage
it would be reasonable to use fixed probabilities also at the gecond stage
in order to simplify data processing. TEA prpulation figures from the
census would then be used for ratio estimation if estimateéqdflaggregates
are desired. If, on the other hénd, EAs are pelected with probability
proportlonal to census populatlon, it will be oonvenlent to sample at
the second stage with the r901procal of thls probability. In case 4e2.2.3
the technique used wruld be one of the two nethods descrlbed at the end
of Section 2.3. In cage 4,2.2.4 it will be simpler just to compute the
second stage sampling fraction in each EA (as the reciprocal of that used
at the first stage, multiplied by a constant for all EAs) and select the

houses or compounds accordingly.

The PPS design leads to more complex sampling but simpler procaessing.
It also tends to equalize the work loads in each EA, It seems marginally

preferable to the alternative fixed probability scheme.

4.4 Stratification

Demographic characteristics can be expected tn vary considerably between
different districts of any city (although not, perhaps, between neighbouring
small areas) For houslng oharacterlstics, variatiﬂn will be even greater.
Such natural strata are readily identifiable and 1t will in most ocases be
‘eagy to stratify a town by rough ineome level and social class on a

geographiocal basinm.
‘As the ri'ch are, on any normal classificatirm, less aumereus than the
poor, it may in certain cases (dépending on survey mbjectives) be desirable

to inorease the sampling fraction for wealthier areas in order to ensure
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that they are representoel by an adequzte sample. In a housing survey,
nther special groups may require an zugmented sawpling fraction for the

same r'eason.

itratification may alsc be used for spreading the sample more
evenly over the dowmain of study, but systematic selection achieves this
aim more easily (see Ssction 2.4). If there is %o be any sampling of
hougeholds or units of housing,; these should normally be seleoted by

systematic sampling.

4,5 Sample gize

Demographic sample surveys in African urban areas have generally
been based on 2 sampling fraction of about 1/100 Except for very large
towne this gives too small a sample for reliable data on rare events
(births and deaths); or on very clustered characteristics {such as
employment data) if multi-gtage sampling is used. However, any increase
of the sampling fraction above about 1/5 would raisge the quéstion whether
an exhaustive census would not be more fruitful. For this reason most
urban demographic surveys havo been carried out either in cities of over
half a million popriation (Kinshasa, Addis Ababa), or as part of a
national dembgraphic svrvey, n which.case data on fqdividuai‘téﬁns are
not given (thnag Nigeria, Morccco). In a few additional cases, the
demographic interes’ has been « Siiitary, ‘demographic deta being ocllected
in a listing round designed primarily to provide a samplirng frame for a
household survey (Yaoundéd, Libreville, I'reetown). But in most medium
ahd small sized African towns demographic data have been collected only

by exhaustive census.

- 4.6 Sampling in time

Any study of the demography of modern African towns must take account

of the very kigh mobility of such populations. Some idea of ‘the Significance

‘of this movement is given by the following table lhasged on follow-up surveys
' donduoted in Abidjan (1963) and Yaoundé (1964/65). An additional compli-~

- oation found in Abidjan wis the existence of a marked seascnal variation

in migration.
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Status Per cent of initial population . R
at time of Abidjan Tacundé
follow-up
_ 1 year later 6 months later
5til1l in the same
dwelling T4 % : 84 %
In another dwelling
in same town 17 % 12 %
Left town T % 4 %
Dead 2% - 0.5 %
100 % 100 %
New arrivals 18 % T %
Births surviving 5% 2%
23 % 9 %
Net inerease ' 23-T-2=14 % 9-4-0a5=4 %

Sourbé: Based on Tables 35 and.36 in'Démggrthie
Comparée {1967), 7 : Diplacements temporaires
et Migrations. I.N.S.E.E., Paris. _

One result of this high mobility is a large gap between the de facto
- and de jure populations. Moreover the exact de jure population will vary

substantially deperding on the residence qualification.

A1l this means that careful attention has to be pald to the definltion
of the target population in terms of residence. The obaectlves of the
" enquiry should first be carefwlly considered. Then, either definitions
should be adopted appropriate to these objectives, or data should be
collected for the widest possiblesgrdup (i.e. the de_facto pOﬁﬁiatibn)
tOgether with information on length of residence, ao that a olassifloatlon

e

by different residence periocds can be tabulated.
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In view of the seasonal variability of migration, a survey spread
over a whole year is likely to lead to some inconsistencies unless care

is taken to-distribute the sample widely over the town at all times

(Lee. a systematic movement of the enumerators over the town, as a group,

_should not be allowed)

~ Follow-up surveys in urban areasg have been attempted in Abidjan

and Yaoundé. They can give valuable data on moblllty, as we have seen
_in the above table. However, they require very careful attention at

the data-processing and analysis stage in order to separate the different
eategories of movement of population and to draw valid conclusions.
Cluater sampling is desirable in order to define unambiguously the sample

10 be covered.

Leng-term retrespective data (tetal fertility) have been collected
in urban areas as in rural (c.f. Section 3,643)s Hewever, correction

fey reoporting error and differential migration does not appear to have

boen attempted for urban populations and the ' very high rate of migration
would appear to make this difficult.

4.7 Relation to other sampling operations

As has been mentioned in Section 4.5, many urban demographic surveys

in Africa have been linked to other operations, elther larger or smaller.

On the one hand, they may censtitute part of a national demographic
gurvey. In this cage it is usual to create an urban stratum in which the
gample design may be quite different from that used in the rural sector.
The main relevance of the national operation for the design of the urban
operation is that in most cases where a national sample survey is taking
place the urban survey is required to give data for the urban sector as
a whole, and not for individual towns. This, of course, affects the
sample size (see Section 4.5). The existence of the national survey is
relevant alge to timing: if the urkan and rural operations follow a very
different time schedule there is likely to be difficulty over the inter-

pretation of data on rural/urban migration,
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On the other hand, urban demographic. surveys are sometimes carried
out almost incidentally, as the first round of a household survey. In
this case it is to be expected that the needs of the latter will .largely
determine the sample designe

L] .

Housing surveys are rarely carried out as independent operations.
Usually they &re combined with a demographic survey or census, sometimes
with a household survey. The main difficultios éiiéiné fﬁéﬁ these
combinations have been memtioned above in Sections 4.2.3 and 4.2.4.
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5. CIVIL REGISTRATION ON A SAMPLE BASIS
FOR RURAL POPULATIONS

5.1 - General

Tﬁe,setting up of a civil registration system on a representative
sample Sasis, designed ultimately to expand to total coverage, has been
much digcussed but no African country has yet instituted such a sChemeE/.
This section deals with the sampling requirements for a project of fhis
kind. The discussion does not follow the form of previous sections since

the problems are rather different.

If registration is carried out by vieiting all households in & sample
("active registration"), we have an operation which is, from the sampling
point of view, no different from the demographic surveys discussed in
Section 3. In the present section we shall therefore deal only with the
cage of an essentially passive registrar, who walts for the report of a
:13ﬁa1.event to reach him, at mest Yisiting hospitals, cliniqs, etc., but

not households.

We have introduced the termeg "active'" and "passive! registration here
to distinguish the registrar who is required to visit regularly every
household in his area from the registrar who is not so required. Naturally,
quH}a@te; will not in fact bhe inactive, but the term "passive" appropria-
tely reflects the fact that in this case the ultimate requnsibility for
the reporiing of wvital events lies with the public. The distinction is
,imporpant from the sampling point of view because the "active" registrar
‘can, during his visits to households, cownt the base population which he
.is'qoﬁering. For the passive system, the eétimétién of the base'populétion
presenté a_special statistical problem.which disﬁ;ﬁéuishes the casé from

the vijal‘rate sa@ple survey covered in previous sectiona of this paper.

_Q/,wSee_in particular E.C.A. African Seminar on Vital Statistics, held:in

'~i;:}@¢i§'kbaba in December 1964. (Report sales No. 65.XVII.6)
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This limitation of the discussion in this seotion is in no way
intended to imply that the approach to vital rate estimation through
permanent surveys, or active registration techniques, is likely to be
any less fruitful. Such a policy has been followed in India (annual
series of single round surveys) and for a period in Pakistan and Thailand
(follow;up surveys supplemented by vital reglstratlon) In Afr;ca, there
have been moves 1n thls direction in Senegal and UARﬂ/ However, any
clv1l reglstratlon scheme which it is 1ntended ultlmately to extend to
lOO per cent coverage on a contlnulng bagis could hardly be based on

actlve registration.

- The discussion below is also limited to the rural sector, ‘because
1t seems llkely that, 1n most case where a 01v1l reglstratlon sample
scheme might be set up, the urban areas would be set aside for total,

rather than samnle. coverage.

5.2 Type of sample required

When a sample civil registration scheme 'is set up, with the inteéntion
that it shall ultimately be extended to total coverage, it may be supposed
that legal arrangements will be made to cover the whole country, at least
nominally, from the start. The sampling relates not to the legal framework
‘but to the operational efforts which will be made to get the system working

efficiently. These will be specially directed towards a sample of regis—

tration areas.

- For practical and administrative reasons, the registration areas are
"“1ikeiy to be féirly large administrative areés, each covéring a population
of several tens of thousands. All residents of the sample areas will be
covered by the scheme, so that we nave a ‘cluster sample. Population data
‘for computation of vital rates will come from an independent sourcé ™’

(sec Section 5.3) so that we may reasonably adopt equal probability sampling

_/ World Population Conference, 1965, Vol. III, United Nationss .......
Cantrelle, P.: Repeated demographic,ohservation in a rural area in
Senegal, p. 200. Vukovich, G.: . The UAR project for measuring vital
rates in rural areas, p. 195.
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for the clusters. Sysitematic sampling from a list arranged -geographically
will ensure that the sample is well dispersel ovor the country. The total
sample size in terms of persons covered will presumably run into several

tundreds of thousands.

5:3 Base population

‘The only serious statistical problem is how to obtain the base popula-

tlon, that is, the populatlon of the sample area.

There is wvery iittle ev1dence about the rellablllty and durablllty

' of census figures in Afxgcan_ It is known that for small areas (EAS) the

populatlon nguleS are offen very inaccurate or very qulcklv go out of

‘date but thev seen 11kely to be more reliable for larger. areas. Moreover,

much of the error is probably random so that for a large sample the net

error may be small. ¥We need an accuracy of perhaps i§7 (correspondlng to

i?.S per thousand on a birth-rate of 50 per L.]:mu;a-zlnd\:—L + Whether this
can be obtained by exirapclating from the last census, us1ng other relevant
information where available, is & questlon which has to be answcred for

each 1nd1v1dua] _country in the light of all available knowledge.

If it cannot, a sample survey will have to be envisaged within the

registration sample. Wo now consider tke sample deszgon for such a suUrvey.
P I (284}

-To obtain a (ood estimate of total population, the census figures will

have to be used for ratio esiimation, and this probably means that the

survey PSUs must be census EAs. The size of the sample required for the
survey will then depend on the ccrrelation between census population for
sach EA and the population found in the same EA during the survey. In some
cases analysis of an earlier survey might supply an estimate of this
correlation. If {this is not possible, some kind of seaquential sampling
procedure would seem the best policy: a guess is first made as $o the
sample size required, field work is carried out con this basis,; results

are analyzed and if the sampiing error is found excessive the sample is

*/ The intervals quoted are intended as corresponding to a high confidence
level -- 90 or 95 per cente.
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enlarged and further field work is dome (this second round might follow

_one year after the first). Sampling of EAe for each round should be
-systematic., (Care will be needed in dovetailing the two systematic samples)
The sample will, of cource, always stay within the areas selectsd for the b'

registration sample.

It may be noted that the carrying out of a sample survey at the same
time as the introduction of sample registration serves also another purpose,
namely a chech on the acouracy of registration. The survey can collect
- independent data on births and deaths and thereby'provide an independent
estimate of the vital rates. Casewbymcase matchlng of v1tal events found
by the two operations may also be p0531ble, at least on a subsample. For
" this checking purpose it is clearly desirable that the survey should be
based on a cluster saﬁple. The clusters will then be Ehgz, The‘fact that
these clusters are smaller than the registration areas will cause some
difficulty with metching. Locallty of re81dence, and if p0551b1e the
 complete address, should be recorded in the registratlon, but 1n some
cases the BA 1o which this corresponds may not be clear, and it may be
neoéssary to limit the matchlng purposely to exclude EAs where such
- difficulties are liksly. ‘

Finally, comparison of the survey population estimatel with‘the.
~preceding census should give an improved idea of how to extrapolate the
‘population estimate into future ycars — an essential exercise if the
-@ample registration area is to continue to give useful estimates of vital

.rates.





