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Introduction

1. This paper examines only two aspects of houschold survey designs uader African
conditions but, in doing so, also tzkes into account some other related practical
considerations. It is based on recent eXperience in two African countries and,
although the information is in some recspects incomplete, the paper should be able

to highlight a few matters likely to be of gencral concern in organising surveys.

5., The first topic considered is the selection of units in the area stages of
household samples with probobilitics proportional to size (PPS) as compared with
equal probabilitics (EP)° PPS arrangements have obvious abtractions but a number
of pitfalls are beginning to emerge and the paper argacs that EP samples may bhe
more satisfactory in the earlicr stages of survey development if they can be

properly organised.

3. Secondly there is the consideration that African countrics have resources to
investigate only fairly small scmples, even at national level, and there is a need‘
for the samples to perform as efficiently as possible. In the casc of household
economic surveys inis can be achleved by introducing an income or gimilar
stratification with variable sampling fractions at the ultimato éampling stage.

Thc paper examines the prospects and problems SO far indicated by African experience
and then goes on to a consideration of the related estimation procedures and standard

errcr calculations.

Selection of units at_the area samplin stages

Generzl considerations

4o When a developing country prepares a sample hoving national coverage, the
principal faptors which influence the wprk are probably convenienca, durability
and multi-subject utilisation. It islﬁécessary o establish the sample without
unduly expensive field operations and its érea stages at least ghould scrve

satisfactorily for a few years in collecting dato on a variety of topics.
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5e Most African samples are based on frames derived from a previous population

census or from administrative structurese Both-ef .the countries considered here

have taken a recent population census but neifher has used the census enumeration .
areas for sampling because mapping was not adequate and in one country there was

a significant re-crganisation of local governmeni after the census. In both cases the .

samples arc based on administrative structures and new units have been established
2t subsequent sampling stages. The intention of the two countries is tc extend
their survey frames to provide a more satisfactory geographical basis for the next

populcotion census,

6. The two countries are referred to as A and B and their samples aore described
in the following notes. The discussion is limited to arrangements in the riral arcas.,
The notation is a little diffcrent from that normally used and an explanction is

given in o footnote to the description of the Country B sample.

Country A sample

7. The sample has four stages: location (a), chunk (k), cluster (c) and

household (h).

8, There is no preecise description of the arrangements but selection chances at
the various stages (not taking into nccount first-stage ecclogical strata) generally

appear to have been as follows:

(1) Any one of n locations (PPS): n x ¢ /C (where c_ ig the expected
a8 A

nunber of clusters in the selected location and € is the cestimated

total number of ¢Tusters in all locations). ..

(2) Any one of two chunks in seloected location (PPS): 2ck/qa”(whqy@ qk is. -

the expected number of clusters in sslected chunk)o

(3) Any one cluster in selected chunk (EP): 1/c£ (vhere ci is the mumber
of clusters in selected chunk established after an enmumeration of

the chunk).

(4) Any houschold irn solected cluster (EP): f (wherc  is the

ultimate-stoge sampling fraction).
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9, Then the overall selection chance for any nouschold is (1) = (2) x (3) x (4)
which cancels out to 2n/C x £ and the semple is self-weighting provided ci is equal to

°\ or the correction discussed below is applied.

10. There afe two general points worth ﬁoting about this sample. The second stage
comprising "chunks" was not eﬁvisaged in the original sample gesign but had to he
introduced bécause it proved impracticable to delineate clusters throughout the whole
of selected 1oca$ions; Also the numbeb'of houéeholds gelected in cach sampled
cluster is dependent on the clusﬁér size if the sample is $o be self-weighting;
epumerators! workloads could have been held conétant irrespective of variation in
cluster sizes if the size estimates in the earlier stages of the sample had been
cxpressed in numbers of houscholds rather thon clusters, which would have enabled

a PPS sclection at the third stage. No doubt there wcre good reasons for the

arrangement actually used.

11, Bstimates so far obtained from surveys using the sample have bcen lower than
expected and, as & temporary MeasuTe, it has been necessary 1o introduce an ad hoc
system of raising factors. There appear to be three kinds of problem vwhich may be

affecting the processing of results from the somple:

(1) Estimated numbers of clusters, C wes estimeted from population census

data and, at the tim: locations were selceted, no geographical units
existed which corresponded with the concept of clusters. The figure c

is therefore somewhat.nebulous in the sense that it is not physically
related to the sample fréme, .Thc same consideration applies to Ca and cku

Howover thore would he 2o probl.m From tho ostin~tes of nmumbers of clusters

if arithmetical consistency was maintained throughout the first and second

23

stage selection i.c. if C was cqual 1o the sum of ¢ and ¢ was equal to the
a

sum of ¢
ke

(2) Chunk enumeration., After selection, chunks were cnumerated for the purpose
of sub-dividing them into clusters identifiable on the ground. In doing
this cﬁ ghould haﬁe been kept cqual 1o ok i.e. the number of clusters

actually formed in each chunk should have been the same as the number
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originally estimated, which would rot have been too difficult if the
original census data werc satisfactory. Apparently this was done, with
the exception of a few cases vhich required specizl treatment. The point
to be notcd herec is that, with a small number of clusters per chunk, any
difference between C and ci would affcet the self-weighting nature of the
design. In such an event the two aliernatives would be (a) to apply -
ck/ck as a weight to survey results at cluster level or (b) to use a
variable sampling fraction (cé/ck x f) in selecting houscholds to put

the sample back again on a self-weighting basis.

(3) Deviations from basic desigm. For practical reasons there were deviations

from the basic design in a number of first-stage units. The position is
being exemined in dotdil‘and the current feeling is that the devietions may
be responsible for the performance of the sample rother than the
arithmeticr]l aberrations suggested above. Perhaps the main points to be
borne in mind are (&) the existence of such deviations mokes the somple
non—self-weighting, so weights at the cluster level have to be applied

and (b) in working out a system of weights it is nocosscry to toke imbo
account not only b epecific devictions btut also any other adjustments

of the more general kind noted above.

12, The posiﬁion with rcspect to peints (1) and (2) above could bhe determined

bty checking the internal consistency of the estimated numbers of clusters down to

the chunk level and by compariug the mumbers of clusters actually created with the
ecgtimated numbers of clusters used for the PPS selection of chunks., As indicated
obove, the position with respecf o (2) scems to be fairly clear but records are

1ot sufficiently detailed for an adequate check on (l)u Additional investigations are
concentrating on accuracy of thc physical demarcation of chunks and clusters in the

field and the accurasy of the household listing.

12, There is no doubt that country A has & good sample but therg have been some
shortcomings in recording the detalls of its construction and the arrangements sacm
unduly complex. It can be made to work offcctively after detalled investigation

nf the selection procedurces,
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Country B sampl

14. The sample design used'for the rurzl sample of the survey involved three
stoges of sclecblons councils (c), seghents (s), and households (h). It was
firet necessary to prepare a complete list of councils, with informationlon
their locotions and their estimated numvers of households (hc)° The work was
carried out in collaboration with the local govermment authoritics, and to
some extent tie size datz could be checked against population census records,
though often such o check wos not possible because there had been changes in

the local goverament boundaries since the last census.

15. The numbers of houschelds shown in this council listing were used in the PPS

selection of councils. The selected councils were then visited, and divided up
into segments, The field worl involved in this segmentation exercise provided
new council cstimatos, based on the summation of the estimated number of
houscholds in ndividual segments withia sach council. Cie segment was then
selected with P23 in ecenr of the sample councils, using the new cstimates. A
listing exercise was then carried vav to crumerate all the houscholds in the
selected segments, and the resulting fimures were used in selecting the third

stage somple of houscholds,

16. With this scnpl.ng scheme v.s selcstilon chahces

1/

at cach stage arc os
followe:
l/ Here it iz necescary to exploin the simplified notation of this paper in

relntion to the more usual presentation. The latter would define h"k as the
13

I

th L th th . ; .
k  houschold in the j gooment of tho i council, whers i
:1, 2, sooosocnsna &

k = l’ 2, eonavepo0m h

sl
8 s n .
~ ~ ~
Then 4. % . =nh . Aen . =nh a <. h =h .
o SR TR SR 100 B Bt DR 5% R DU
In the notation of the present text h, . =h , h, =h and h = H, while
‘0 S 109 C o e e .

.

necessary explanatione are incorporated in the text.

1, 2, co0DOoOODY YR NC

5

Sl S
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(1) Any one of u councils to be included in the sampl2 (selected with PPS):
nhc/H (whero’hcis the first estimaie of the number of housecholds
in the selected council, znd 0 is the cstimaied number of households in

all tural councils, il.u, the sum of h Yo

(2) Any scgment in selected council (PPS): h /' (vherc b is the first estimate
s’ ¢ 3
of the number of houscholds in o sclected segment, and h' is o revised cstimot.
c
of the number of houscholds in that council based on a summation of the

sizec estimotes for the different segments in thot council).

(3) Any one of m houscholds in selected segrient (EP): m/h' (whore m is o constant,
. S
and hé is the number of houscholds in the sclocted scgment obtained from

an enumoration).

17. The overall seleciion probsbility for an individual household in the sample 1is
therefore given by the product of the selection chances at the three stages: i.e. nhC/H

xh /h‘ x m/h'. This cnu more coavonicntly "¢ vrittel in the form nm/H x hc/hé = hs/hl.
8 ¢ 8 o

18. To rcise the somple figures tc the population level, it would be neccssary

to multiply the somple dota by the invorss of this proboability. But to provide

results comparable with those obtalned from o sample of the samme size as that

actually used, onc must multiply tho population level figures by on additiemal Tlactor,
nm/H, i,6, sample size divided by numboer of households in total population. The overnll
reweighting factor thus bocomes H/mnz: hé/hC p3 hé/hs X nm/H, The first and last
fractions concel out, as one would expect in o PPS sample, leaviag a weighting

Tactor of hé/hc X hé/hs; this is the correction fector arising from the use of

gifferent size ostimates at the differcat stages of sample sclectlon.

19. If there is little difference between h and h', and betwoeen hS and hé, it
’ c c

may be reasoncble to ignore the correction factor, and treat the sample as

gelf=wreighting. TIf however there arc big differences in the size estimates, as

ioe found to be the casc in country B, then the correction factors must be

applied.
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Problems of PP sampling

20, PPS designs cre uscful in providing a convenlent means of accommodating

varigtions in unit size at the prcliminery ares stages, while at the same time

enguring an equal distribution of work betwoen enumerators and a self-weighting

arrengement, However recent experience has brought to light a number of

digedvantages which are listed below:

(1)

(2)

(

)

As indicated in the descriptions of the two country cxamples abovec, 1t
is possible for inconsistencies to occur in size estimates used in
selecting the various stages of 2 sample. Such inconsistencies coulad
invalidate the self-weighting nature of the sample and meke it~ 77 7
difficult to caléulatc remedial woeights if they are not fully
documentoed. It will be possible to evaluate the cxtent of the

problem if the countrics concornad can provide information on the

size data actually used ot each sampling stage.

At the perultimatc sfage there is the disadventage of an increascd
amount of work in cnumercting houscholds because the sample concentratcs
on the larger area units, This is probably not very szrious hecause,

if penultimatc uanits are specially created, thoy need not vary too

mach in size.

The household enmumersiion is used for the collection of general

gconomic, social and demographic data, plus information for

stratification of the ultimate houschold sample if needed. However
selection probezbilitics for the penultimate units are not cqual, so

weights have to be applied to the data before summary tables can be prepared.

Even by conputer, the procass is = litdi. cunbersomes  The twight to be
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applied to the results for cach scgment in Country B would be h /h
: . sl

J;/S

whers i is the average number of houscholds in sampled Segments™ .7
g

(4) Although a properly organised PP3 sémple lecads to an unbiased selection
- of households, some statisticiaons still hove misgivings be musc it
cencentrates on the more denssly.populated and often poorer arca unlis.
21, In spitc of these rescervotions there is no doubt that PPS samples nre o
very uscful stotistical tool, The moin problem appears to ke illustrated by the
first of the points mentioned cbove: unless the work is very carefully planned

and contrelled, there are arithmeticcl pitfalls which can cause gorious damagc.

An 2lternative arrangement

22. In the situation described ~bove it mny be uscful to examine the possibility
of an alternative arrvangement which attempts to avoid the problems already noted
without introducing too many new ones. The main reguirement is the acceptance
of somo zdditional work in proparing the units at the Tirst arce stege so that

the size date do not have to be used directly in semple gclection.

23, The position iz exeminod below on the Losis of th. Couantry B rurnl
illustration. Again therc zre throe stages: council (c), segment (s) and

houschold (h) o

24, The Tirgt port of th. work is to modify tho council framc so as to reduce

the variation in the number of households per unit as far as possible, It invelves
+the some council listing exercise proviously described, including the information

on council locations and approximate numbers of houscholds, using boih census
records znd local sources. More cqual sizes arc then achieved by sub-dividing

large councils and grouping small onos with neighbours. If care is taken to

.

1/ This is the inverse of (1) % (2) in paragroph 14 which is H/nhs multiplied

by nh /H for arithmetical convenicence.
5
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avoid bias, this cen initially be done as & desk job and sub—division of larger

councils in the field can be ¢onfined 1o selected units.

25, The selection of councils is made on an EP basis.with a selection chance of
n/C wnere n is the number of councils to be selected and C is the mumber in

the modified frame.

o6, Selected councils are divided into ssgments each containing around 100
households as before. One scgment is drawn from each council on an EP basis
w#ith a chance of 1/8 where s 1is the number of segments in the particular

C o

councile.

7. In this arrangement the average selection chance for any segment 1s l/§ ut
¢
the chance for any segment in a particular council differs from the average by sc/scn

The difference calls for a correction at the third stage.

58, The third stage sampling fraction is then f x 30/50 and the overall selection
chance for any household is n/C x f/§ where f is the number of households required
c

For the sample divided by the number enunerated at the second stages.

29, The following numericel example of a few councils serves to illustrate how

enunerators' workloads can vary in the sample.

b, n_ .f X sc/gc xh_

600 6 100 24

600 10 60 24 overall sample date

600§ 120 24 R 6
1,000 6 166 20 f?"hs 112,000
1,000 10 100 40 ¢ : 0.2

500 5 100 20 '

s00 10 50 RO

30, It will be seen that the number of segments into vhich a councik-is-divided . ... ..
has no effect on werkloads bedause'scfﬁc and hS are compensatory. The important

requirement is that all segments within a council should coatain approximately
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equal numbers of households. This should ncs be too difficult to achieve and then

workloads are proportional 1o numbers of households in councils.

3l. Success of this sampling arrangement is therefore dependent on the cxtent to
which the frame of councils can be modified in the wey described above,

Possibilities in this respect can be seen at a very early stage in the work, i.c. as
soon as the list of councils with cpproximate size data 1is available. If modification
does not appear to he feasible, then there ig little choice but to proceed with a

PPS design.

32, The foregoing example is comsistent with the aim of Country B to use

field staff as economically as possible by selocting o gsample of councils and
investigating.only one segment in each council. It has the advantage ol

ensuring that area unit size estimates have no effect on selection probabilities
but it does not overcome the third problem mentioned in connection with PPS samples.
The segments. are selected with unequal probabilities and the results of the
household emumeration still need to be weighted before summaﬁy tables are produced.

Tn this casc the weight for each segment would be Csc/n x nfC = 5,

13, Sampling arrangements would of course be much easier if it werc possible to
avoid the earlier area sampling stages and go straight to what is currently the

the penultimate stage (segments/clusters/enumeration areas). With a few fairly
important reservations relating 1o communications and logistics, this could

be achieved in samples of national coverage as soon as Africen countries appreciate
the need touse their pepulation censuses in establishing satisfactory geographical
frames =nd make the efforf to0 up~dete these frames on 2 continuous bosis. One
country is clready organising a sarvcey with a two-stage design and another is

considering the possibility of doing so.

Strata at the ultimate sampling stage

Ceneral considerations

34, As indicated in the introduction, there is. on interest in stratifying the
ultimate stage sample of households 1n cconomic surveys in order to improve the
precision of results. Strata tased on income have already becn used in 2 mamber

of African surveys.
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35, However it should be noted that incom. strota are not supported in the
international recommendations on incoms, consumptlon and accumulation, Scries M
No. 61, which appear to cnvisage o more conservative approceh based on fractile

income groups and socio—economic class of head of household.

36. Of the two samples discussed in this paper, only that in Country B hos an
ultimate stage stratificetion. Tho method is describad below and agdin relates

+o the rural samplo.

Country B strota

37. It wos decided to use three strate based on declared cash income and to haova
fixed strota boundaries for the whole of the miral area, determined so as to
nllocate an equal share of total congh income to each stratum. . Information for

this purpose was collccted in the penultimate stage enumeration and consisted

of income data for individual houschold members pius houschold income from
agriculture and other entreprepeurial activities. The desirabii&ty.of including
qubsistence consumption and other items of income iﬁ kind wes appreoiaﬁéd but it was

not considered procticable to reguest cuch date during o single-visit erumaration.

38, The enumeration recordé were sent to:the_central stafistical office where
they were sorted, for each perultimote u.nit. (segmc.-n't) scporately, according 1o
total household cash income. From a manual summary of the overall results it was
then possiblo to‘determine the strata boundarics, assign houssholds to the three
strata and éalculate the-éverall strate sempling fractions sd as to allocate
equal parts of the predetermined sample sizc'té cach stratum. A more detailed

description is given in E/CN.14/CAS.10/18.

39, The strota sampling frqotions could not be applied direcily in selecting the
final stage households ﬁecause of the PPS design and ths need to take the size
voriation of the pemultimate units into account, With stratifibation,'the selection
chonces at the three stages of the sample, as given iﬂ paragraph 16, can be:

re-yritten as follows:
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(1) Any one of n councils (PPS): nhC/H
(2) Any segment in selected couﬁcil‘(PPS): hs/hé
(3) Any household in each of the three strata in selected

segment (EP):

Stratum 1 : f x Eé/h’

1 . s

: f ¢ ht/h!

2 P * s/ s
: f x ht'/h!

3 3 s/ 3

{where Eé is the unweighted average number of households per

segment obtained from the cnumeration of selectied segments, and

fl, f2 and f3 are the overall strata sampling fractions calculated as

described in paragraph 38).
40. The third stage selection chances multiplied by the numbers of households
enumerated in the three strata in individual segments indicate the numbers of
households drawn for the final stage of the sample. The overall selection chances

for any household'iﬁ esach of the three strata was:

Stratum 1 : m /H xnh /hlox £ x Hé/hé
2 nhG/H % hs/hé xf, x Eé/h;
3 : nhé/H x hs/hé £, x h;/h;.

The selection chance for any household in the first stratum can convenienily be
re~-yritten as n x fl X E'/H, xh /h" X h /h', and similarly for the second
. s’ ‘¢ ¢ s 8

and third strata, with fz_and f3 replacing flo

41, If different size estimates for councils and segmente had not been used at the
different selection stages the sample would have been self-weighting at the

stratum level, since the first fréction is a constant. In fact, if the difference
between the size estimates is not too large, it may be reasonable to ignore the
correction facter. However, ihis was not possibie in the case of the Country B

data, and the following approach was adopted.
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42, Considering j:st the first income str.tum, the third saroling fraction in the
formula given in paragraph 39 was fl X ﬁé/h;; but it caa equally well be obtained by
dividing the number of households in that segment actually selected in that

income stratum (ml) by the number enumerated in that incoﬁe stratum at the listing
stage (hsl)° The overall selection chance for any household in the first

income stratum can then be written as nh /H x h /h‘ X ml/ESI.
C s’ e

43, Following the approach already described in paragraph 18, the sample Tigures
could be raised to the population level by multiplying the sample data by the
imvorse of this probability. But to provide resulis comparable with those
obtained from an uastratified sample of the same gize as that actualiy used, one
maist multiply the population level figures by an additional fac%or, ;1E/H, l.€.
sample size divided by number of nouseholds in total population. The overall
reveighting factor thus becomes H/nhc:x hé/hs X Qﬂ_/ml b 4 nﬁ/H, which simplifies

to E/hS x hé/hc x Jalfmlu

44. It should te noted that this reweighting factor contains allowances, not

just for the correction factor required because of the use of different slze
estimates, but al. . for the weights to be pplied because of the use of wvariable
sampling frections for the three income strata. The advantage of using the composite
weighting factor is that the weightiag figures for the different strata can

be combinsad directly, without haviag to apply another weight. _However there

may te problems in using the composite factor, arising from the variations in m and

the ommission of the factor H.

Possible problems

4%, The stratification method described apove could encounier a few problems of

the kind indicated in the following notcs:

(l) The use of fixed strata boundaries regquires the centralisation of all
penultinate stage enumeratlon records for the preparation of overall
summary tables, calculation of strata boundaries and selection of the

household sample. The records then have to be returned to the field

Pégé 13 o
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necessary. Such a procedure is clearly tedious and can be affected
by transport and other problems. Against this, there is the advantage
of a thorough centralised review of the houschoid enumeration results
and, if the mamual processing is carried out by field supervisors

who bring the records io the central office, these people have an
opportunity of gaining a better understanding of the survey at oune

of its most crucial stages and can be given proper training on

procedures for the ultimate-stage sample.

(2) It is generally bvelieved that data on income are difficult to collect
during a single~visit enumeration. This is certainly true of censuses
and other inquiries which aim to make direct use of such information
but the position is not borne oui by experience in surveys where
the data have been collected for stratification purposes. More
resecarch is needed into income and alternative indicators but there

seems to be no reason for pessimism.

(3) The use of household cash income rother than total income as a means
of stratification could lead to some problems in the Tural areas,
even though it apparently worked satisfactorily in urban areas. If
subsistence consumption is mainly a characteristic of poorer nouseholds,
its exclusion from the stratification data would result in a rather
large number of households i the lowest income stratum, which is perhaps
not too serious and could be dezlt with through somewhat different
strata sampling fractions from those in paragraph 38 or an arbitrary
adjustment of strata boundaries. In the event of subsistence and other
non~cash income being closely related to cash income, there would
of course be no problem., Difficulties would occur in a situation
where high income households receive a large proportion of their income
in non-cash items, which seems rather unlikely. In the survey
processing it is possible to check the effectiiveness of tne stratification
by comparing it with the income data obtained during the detailed recording

of transacticns.
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The method involves some inequaliily in enumerators' workloads because of

income distribution between penultinate stage

The problem does not appear to be too serious and could be

overcome only by conducting the houschold enumeration at primary unit

level, which would be prohibitively expensive.

(An alternative ~ 7

method of adjusting the sample 2t the ultimate stage is too cumbersome

£o be considered here).

An alternative arrangement

46

groups as a basis for stratification,

The main alternative currently available

is the use of percentile income

possibly involving a 2:3:5 allocation of

householids, In this case the selection chances giveh in paragraph 16 would be

modified to read as Tfollows:

- (1)
(2)
(3)

A7

Any one of n councils (PP5): nhD/H

Any segment in selected council (PPS): -hs/hc

Any one of m/3 households in each of the three strata in

gelected segment (EP) {zhere m is the constant used in

paragraph 14): |
Stratum 1: m/3 X l/O,Zhé

2: m/3 x 1/0.3n}

EH m/3 x l/O,Shé

Without making any adjustment for possible differences between hs and hé,

the overall selection chance for anmy household in each of the three strata is:

48,

in Africa.

This is a neat

Stratum 1: a/i x m/3 x 1/0.2
2: n/H x m/3 X l/Oa3

3: n/E xm/3 x 1/0.5

gal f—yeighting sample and various versions have been used

Tt avoids the need to centralise enumeration records for processing

and sample selection and it cnsures that ail enumerators deal with the same number
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of ultimate stage louseholds. However the method no longer seems attractive
becausge 1its overlapping strata are inefficient and selection of the household

sample in the field leads tc logs of control over the survey operation.

Application in non-PPS sample

A9. To complete the review of ultimaie-stage stratification within the limited
context of this paper, it is necessary to consider how strata defined by [ixed

boundaries could be incorporated in the sample described in paragraphs 22-32,
50, Selection chances at the three stages would be as follows:

(1) Any one of n councils (EP): n/C (vhere n is the number of councils
to be selected and € is the number in the mofified frame).
(2} Any one segment in selected council (EP): l/sC (where L the
mumber of segments in the selected council)a
(3) Any household in each of the three strata in selected segment (EP):
Stratum 1: fl X Sc/gé
2: 1, % sc/ge
EH f3 x 50/5;
51, The three strata sampling fractions would be determined by the procedure
described in paragraph 38. Overall selection chances for any household in each

of the three strata would be:

Stratum 1: n fl/C E;

: nf /C8

N

L2

s n f3/C g;

52, Thig is certainly the simplest of all the arrangemén%s discussed in the present
paper but, as emphasised in paragraph 31, it can be used only in situations where
the frame of primary units can be modified for statistical purposes. There are

of course many variations on the same theme.
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Tatimation of population values and standard Crrols

Country A sample

53. In paragraph T-13, the country A sample 1s described as being selected in

four stages:

(1) n locotions with PPS

(2) +two chunks with PPS from cach location

(3} one cluster with EP from each selected chunk

(4) some households with EP from each selecte& cluster,.with

sampling fractilons i
54. The probability of selecting a wousenold in chunk (k) of location (a) is:
¢ /0 x 2¢, /¢ x /et x T
g a/ k/ a _ / k

= v 1
2n /C b d Gk/ck
55, To find an estimate in that locatlon (a),sunyizf/ck % sample values in-
T
chux&;§7 with similar products in the other phunk of the same leocation. Let guch

a value for the location (a) be denoted by:

J
a

56. As n locations have been selected, there will be n such values in the

sample so that their sum will be:

‘1 -
"{““““‘“

P
cl
a

FAY

n
57. The cetimate for the total population value will be: Yl = C/2nf x ; ya
» a

. _
58, The standard error of Y& is approximated by:

4

A

\/'\}(’iA) = cfef / o(an1) [% y, = 1/n (Zya)éj

i

1)

(3)

(%)
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59. To compute .1'

(i) in each location — find the sample values in chunk k and

maltiply 3 by ¢ /c .1 dec. C /c L sample values 1n chunk k

and then add this to similar product for the other chunk in the

same location, and dencte this sum vy ¥y T
a n

(ii)  sum y, overall selected n locations i.e. jgqu
a
111 mltiply <—
(111) malviply Zi ya By C/2nf tc get

@

n
B [

= N
YA C/Enf X¢(;—ya

y

60. To compute standard erroriv (YA),

(i) find,;? LeB. square of ya in cach location and sum them overali
selected n locations to get :gEyQ
a
a n 1
(ii) square /’y to get (zLJY ) and find 1/n (z{ v, ) ,
n , n
(iii) subtract 1/n ( Z: v ) from q:'y 1.0 ‘g? - 1/n (:E? v )2
a zi_y a ”
— a
and multiply it by 1/n(n—l) ice, - _ -

n n
L - 2 2
1/n(n-1) /° :>ya - 1/n (zz‘ya) J
a

(iv) find the sguare roct of this and on multlplylng it by c/2f the

standard error of ?A will be obtained.

Country B sample

61. As described in paragraphs 14-19 and 37-44, the country B sample is selected
in three stages:

(1} =, councils with PPS

(2) one segment with PPS from each selected council

(3) stratified BY sampling having divided each selected segment into 3

income strata.

52, It is éhown in paragraph 42 that the overall selection chance for any

ar

household in the first income stratum of a council (¢) is:

n%)/H * gs/hé * q./hsl = nfH x 1 /h' x mI/hsl - (6)
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62, To find the estimate in that council, first calculate: 1 1/ﬁl maltiplied
S

by sample values in stratum 1, and similar values for the other two strata, then

sum them, Multiply this sum by hé/hchs and denote this product for council (c)

bys ¥y ‘ - (7)

c

54, As n councils have Leen selectod there will be n such values in the sample.
and their sum will be: -T?- . - (8)

2
C -
6%5. The estimate for the total population value will be:
' n :
= H/fn > -
YB / Lyc . (
C

O
L

466. The standard error of iB ig approximately by:

W6 - /a3 -1 (S v )T - (0)

n(n-1) L ¥ n
[+ o]

57. The procudurs for computing YB ci ite stondard orror will bo ~lmost the socme o8

that described for the country A sample, except that to get y Tfor a council:
_ c

(1) find sampie valucs in a stratum (i) and multiply it by hsi/mi

and sum -these values over all tnree stirata.

(ii) multiply this sum hy hé/hchs to get y_

Concluding comment

48, The paper summaTrises questions which have been discussed recently 1n respect of
tvwo African samples., At the present stage there is clearly not enough information
available Sor any firm conclusions but there are a few points which survey

statisticians ought to keep in minde

69. Although PPS samples are convenient, the selection process requires great'
attention to detail énd it is possiblec to make mistakes which are not readily
aﬁparent. When PPS samplesg are used it.is clearly important that full details of
the probability calculatians for all units at every sampling stage should e kept

on record.
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70, To avoid some of these complications wien organising a sample, it is worthwile
first to look and see whether it would he possible to modify the first stage frame
to make it suitable for EP sampling, .Theﬁ unit size data would have no direct

role in the selection procedure., Admittedly there are objections to this nethod

on the grounds of additional preparatory work and the undesirability of sub-
dividing.or amalgamating units in the national administrative structure for
statistical purposes., However the additional work may be worthwhile in producing
an eagier sampling arrangement and modification of administrative uniis is

hardly important in a situatiocn uwhere surveys are not likely to provide valid

results below the regional level.

71l. A further simplification of sampling arrangements can be achieved 1f it is
possible to use a two stage sample with the smallest afea units (enumeration
areas) as the first étage, The requirements afé“d"bomprehensive'frame, normally
established through a population census operation, and continuing means of
up-dating the frame, plus a solution to transport and related problems. Some

Lfrican countries already believe that two stage samples are practicable.

72. Stratification by income or some other indicator of household economic level
ig desirable to improve the accuracy of surveys dealing with household transactions,
etc. but further development work is needed to ideantify the most reliable
indicators and the feasibility of collecting the basic data for them during the
preliminary household erumeration. - The strata make the processing of survey
results a little more complicated, but three strata are usually sufficient and

the effort is rewarding in terms of improved accuracy.

73. It should be understood that the discussion in this paper is of a general
nature and in no way provides a blueprint for any of the sample designs mentioned.
Arrangements invariably need to be worked out in detail in the light of local
conditions and data requirements; every survey is a tailor-made operation‘if it
is to be of any use at all. This remark does not preclude the use of reasonably

durable national samples which are utilised on a multi—suﬁject basis.
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As pointed out at the beginning, the paper has been limited $0 a discussion of

“a
o estimation of population values

{4
two main sampling topics, with additional notes

and standard errors., A more complete description of the latter is given in

Armex I.




Mathematiical estimation of populeticp values and gtandard errors

I, General estimation

(a) In multi-stage sampling suppose that n first-stage units out of N are selected

th -
with PPS such that??i is the probability of selection of i  unit. IfY, is the
_ | : i

estimate of total value of a variable for that unit based on the values obgerved in the

successive stages in that unit then esiimate for total populaticn value is

n Y
d ——
Y =5 i - (11)
i i
N N
N A E— ——a— - — - Y Y 2
And variance of ¥ is V() = = (T,ow s = (i = 4 )
: s 1 J 1] i T .
1 i1 - ! [V
’ N '8 + J
+ o= 1 V() - (12)
P i L
. at o~ l l . : .
where V ( Yi } = wvariance of Y  consisting of variation in the successive
1 .
stages following the first-s*age
= . i . tho o th ' .
and i|,j = joint probability of selection of i ‘and ) firghstage units
i
then estimate of this variance is
T, ..
~ A n n i i — i " . 2
vy = o s - - Y ¥ +
i ivi- . A I
1] R J
i,
I ) S €
.
i
AN N ' '
where V (Y,) -~ estimate of variance of Y, consisting of variation in the successive
i i : _

stages following the first .stage.

A

Estimate of totzl value Y and standard errory ¥ (fj are required in sample

v '

o~

SUrveys. Hoﬁever in eﬁﬁaﬁi&h(l})}:it ig rather difficult to find."i.ri‘j when n > 2
although there are tedious estimates given by several statisticians. Therefore in

practice, 1t might be more eﬁpedient to use a method which doeg not involve laboricus
caleulation Tut at the rigk of over—estimation. So by ocssuming that the first-stage

units are selected with PPS with replaccment, estimate of variance can be reduced to
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X8 b

| -
NN n E oA N
v(tT) = LY, -1 = Y )
(A1) ede5m o on, 4=
A ' o
.—E- Y 2 ~ 1
= L ez i - XY) y oz (1)
n=-1 i 2
i
If n is fairly large, overestimation of this will not be very high.
These general estimates given in equations (11) and (14) can be applied in
surveys of countries A and B Uy substltutlng i Coand Y with the appropriate
i
values.

(b)) If n first-stage units are selected by equal probabilities (EP) (assuming

that units are of egqual size) then

Tri - a and 1. = aflo=1)

. N = N (N~1)
Substituting these values in equations (11), (12) and (13), estimate of total and
its voricncos becona % = N Q?» A,
DR - @)
i
A\ 2 N -7 ‘__‘D._I..ﬁ o~
Vo) = §¥.(@ -1) L s (@ -0 E > V() - (16)
a N §-1 L— 7 n o i *
i=1
N
a B% = \ Y
uhere X H;"%:-m i .= mean of Y,
. i i i
- n
A A 2 i Y > 2 e ELE N
and V(¥) = N (L - D _1 S @ -1)° + x> v () - a7
N n-l i * n 1

Py
vhere ¥ = = @auple mean of Y.
. 1"

n
it A,
-
; Yi
1

L
n

’~ \
Tn practice if n is fairly large the first part in v ) i.e. variation due to

the first-stage sampling is likely to dominate the total variation and hence

@ - U Z(Y'Y)

n N

equation (17) can be approximated hy V (Y)

) 2
=N !V - n) (4;, f - 1 Y ) - (18)
‘n (n~l} i n

Indeed, it will be an under—esiimation if variation due to samplings in the
successive stages following the first—stage is considerable. Normally thig problem
does not arise since samplings in the successive stages are confined o smaller areas

in which units are more homogeneous.



II. Bstimation fcr country A sample

As deseribed in paragrapls T-13 and 53, country A sample ig selected in four
stages:
(1) = locationsby P2S
(2) 2 chunks by PPS from each selected location
(3) one cluster by EP from each selecfed chunk
(4) Some households by EP with sampling ffaction f from each

selected chunk.

If ¢ is estimated number of clusters in location (a) and C is sum of ¢
overall locations in the pophlation; ﬁheh'probability that location (a) is

selected is
'—Haa_ =._n08/0_? : Co : : L : (19)

In that location (a), if Cy and GL are the estimated and actually observed’
number of clusters in chunk (k), probability of selection of that chunk (k) ‘is

2ck o and probability of seleoﬁioq of a cluster from that chunk (k) is Lkﬁ
a : : : '

If some households ar&ssqleqted with =P and with sampling fraction_f, the

probability of selection of any household from that ciuster is f.

Therefore the overall probability of selection of a household in the

location {a) is
= nca/C x 2ck/oa X l/cL_"x f
T - 2nf/c x ck/b’ - SR B LA L B ( 20)

If i is the sample vulues of householdé observed in chunk (x) of location

i

(a), then

f;_- ci/ck Xy, = Yq (21)

k

is the same as equation (2).
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(a) Estimate for total

Hence estimate for the population value based on a sample of n locations

will he
N

Y

n ,
A T C/an 2 Y, (22)
< :

which is the same as équation (4); It will become self-ﬁeiéﬂtiﬁg'when“éither

¢ = ci or ultimate stage sampling fraction is f é&/ék .

If squation (22) is compared with equation (11),

P
/T, = O v, (23)
. 4"
and so substituting this in equation (14), the varianced of - YA becomes
A - > n . 1 nooe é
v(¥,) = n/n-1 x (¢/anf)° T (5, - = > y)
A S | R P
= (¢/)° 1/u(e-1)  [TyS - 2 (g )T -
a a

‘and ‘standard error of YA , being square root of this is

J &(?A) = ¢f2f /1/n(n—1) i yi - 1/n (Zya)ej (24)
which is the same as that given in equation {5).

(b) BEstimate for an average houschold :.

- To find the estimate for an average household, it is requi:ed to up—date the -

-

total number of households in the light of sample data on the number of culsters

c; and average number of households in a cluster.



1f C! is the up—dated estimate of the number of clusters and M

average number of households in a cluster then

n 2
¢ = C/an S T elfe
: k' "k
a k
n
= C/2n = %
a
2
- = 1
where X = > ck/ok
k
Hence estimate for an average household becomes
{.\ e
Ty - Ty /a0
=
S~
2. Ya
= _ a
fm n
ST x
L Tpg
a

which is a

5/ CN.14/ 54/ 24
Arnex I -
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is the

ST e

{25)

viased ratio estimate whose standard error ean be approximated by

‘ . . -
. : = Y| < ¥y = X jor 2
V(YA) = J/oj/{n-1) fm P> (Tafy - a/%)
a
. - = .2 | nooo 2
- \;En—lem /x Z; ya/yZ +-;—-,xa/§2 - 2 2;_ X Vo /55

I

where JF = l/n 2 Y
a
- n

and ¥ = 1/nZ x,
a

are the sample mean of y and Xe

(26)
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III. Estimation for country B samnle

() Unstratified semple

As described in paragraphs 14-1¢, the rural sample of country’B iz selected

in thrse stages:
(1) n councilsby PPS,
(2) a segment by PPS {rom cach selectoed council,

(3) =n households by EP from each selected segment,

If hc is the mumber of houscholds in the council (¢) and H is the sum of hC

over all councils then probability of selection of -council (¢) is
W, = /R o= {2m)
IT n is the first estimate of the number of households in segﬁent (s) and hé is
s
the sum of h  in the council (c) then_ﬁhgmprobgbility of selection of segment

". J.Eﬁ
(s) will be hs/hc

In the ultimate stage, if k' is the number of houscholds in the selected segment

(é) obtainad from ca erumeration then probability of selection of m households will
b h', -
e m/ s ) o .. B o
Therefore the overall probability of selection of a household in the council
o) is m%/H x bs./hé x nfal = mfiox hchs/héhé - (28)
In that council (o),'sum thé'sample valueg of houséholis in the selected

segment and multiply that sum by h'h;/hch . Let A be such a value which
C S

is the same as that denoted in egquation (7).

Hence eztimate of the population value based on a sample of n councils is

raS n
= ny e m—— 2
‘s H/nm PRRE (29)

which is the estimate given in equation (8). This estimate will be more efficient

he' ot lonst two scgmonts been sclected from cach council.
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On comparing this estimate with the general estimate given in equation (11),

Y /f, = B/ - (30)
C c G -
and substituting this velue in equation (14), the variance oy YB hecomes

n

V) - @ 1/n(n1) ry yi - 1 G v )T - (1)

/\ -,

and etandard error of‘xé is gust tbe saudr: roo% of VCY ), giving the same value

ag that given in eguation (10)°

(b) Stratificd sample

As described in paragraphs 37 - 44, three strata are formed using the data
on income distribution of households in the selected asegments and overall strata
sampling fractions are also determined. In order to equalige the size of sanple
selected from each segment, a deflator is used such that probability of any

household to be selected from

stratum 1 . fl ?;/hé = ml/hsl
2+ £, hé/h's = m,/n,

(vhere h' is the unweighted average number of households per segment cobtained
o : ;

from the enumeration of selected segments,; and fl, £ f are the overall sampling

'
2° 3

fractions; m_, m m3 are the number of households actually selected out of

1t et
three strata of sizes b, b and h respectively),
sl 82 g3 .

Then the probability of seieotion of a houschold .from gtratum 1 of

council (c) is

nn fHox hs/h; x L) E;/h;

i

n%}/H X hs/h; x ml/hsl

n/H x hchs/hé X ml/hsl - (23)

il
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Such probability from strntr 2 and 3 can be easily obtained by substituting
ml/hsl by mz/hsz and m3/h53 correspondingly.

If}rk is the sum of values of sample households in stratum k then

3
v A p 7 = -— A
hc/ﬂchs 4£f~§§c/mk Tk Ve ' (34)

is the wvalue representing.council (c) as denoted in equation (7)°

As n councils have been selected, there will be n such values in the sample

and theroiore the estimate of the populzticn valuce will he.

n
-8k Sy - (35)
<
It is almost the same as that given in equation (29) except m which has been taken

into account iny .
c

sy A -~ )
The variance of Yé is V (YB) given in equation (31) from which l/m will be

~
dropped out. So the standard error of YB in this case is
//\ N /
N B H

(c) Estimate for an average houschold

[9 - 1 (\_n' v )7 - (36)
ﬂ(ﬂ—l) {g“ n e ©

o

o

pa—
1l

To find the estimate for an average household, it is required to up-date
H in the light of the number ofhouseholde observed in the segments. If H' denotes

the up—dated estimate of the number of housgcholds then

n
vt = H/n 'Tht*/h h T
i d/% L hc s/ho s = H/n EL_ X - (37)
G o ©
where x = h'h'/h h
c c s o s

AN
Hence estimate for a household using the valucs of YB and H' from equation (35) and

(37) becomes

2 A
- 1
Y, = YB/H )
- o}
Ko 2y < v/ (38)
= -————-Tr——E' C ol Xb
H/n %;: XC —
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Tt is a biased rativeestimate whoge standard crror is approximaﬁed by
/ | _LL 5 n -
. -—_ o T" - ’\
Vsl L DR
nin-— c = .
'\A - (39)
YE-
il = 1
where ¥ /n z;ﬂ“yc
- =
zad X = l/n'r\—:---x
£
c

are the sample means of y and X.

(¢) Estimation for stratum total

As in the previous section if yk denotes the sum of gsample households in

stratum k of the council (¢}, write

¥y = ht'h h h m hid
ck c s\/ k yk

Then estimate for stratum (k) total will be
n

A~ b . : ) o o

T = B2y Yoo ' ‘ - (40)

, c
and its standard error 18 approximately cmpressed DY
s i n n
A e ! - 2 e 2
= i Y - - !

\! V(Yk) HII "‘}'L"'"""'" L CA yck i ( 2’_}01{) j (/'1)

’ n(n~l) c n g

Eoual probability sampling

As an alternative to the PPS sampling, an BP sampling is proposed in
paragraph 20-33 for couniry B, At first coun01ls are regrouped or divided
into new unlis to reduce the varlatloa in the number of Houpseholds per unit
as far as p0351ble. A sample of n gounclls g0 formed is seclected with BEP so that
chance of selecting & council = n/C (where C is the mimber of couﬂoils),in the

first stage.

Selected councils are divided into segmentis cach containing about 100
households and a scgnent is selected with EP = 1/5 (vher= Sc ig the number

of segments in council (). If s 1is gifferent from an assigned number s
¢
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then the third stage sampling froction will become £ x s /— so that overall
¢ s

seleotion chance for any household is.
n/C x l/sc x £ = Sq/: = n/C x f/g - {42)

If yo is the value of sample houscholds in the sclected segment of the council
(c) then the estimate of the total population value will be
A =
Y = CE/nf > y : - {(43)

——- C
C

comparing this equation with cquation (15)

Yc - S/f .yc

i

of ¥ is expressed by

S ~ n 2 — 2
L@ = s Jek emeen Tyl - L (Dr )T
.
c . .
Regording estimation for an averagce household, it will simply be Y divided by

average size of a sogment,
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and on substituting this value in equation (18) the approxzimate standard error



