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A SIMPLIFIED GENERAL METHOD FOR CLUSTER-SAMPLE SURVEYS
OF HEALTH IN DEVELOPING COUNTRIES

Steve Bennett,®* Tony Woods,”
Winitha M. Liyanage© & Duane L. Smith?

1. Introduction

in order to monitor the health status of the popula-
tion and to evaluate the use and effectiveness of
disease protection and control measures, up-to-date
information is required. In developing countries in
particular, the information needed is often provided
by means of cross-sectional surveys. An example of
such a survey is that developed by the Expanded
Programme on Immunization (EPI) of the World
Health Organization (WHO) (17, 2°) to estimate
vaccination status among young children. This
scheme is a type of cluster sampling, in which a
sample of 30 clusters (villages or the like) is selected
and 7 children of the required age are selected in
each cluster. The scheme was designed to allow the
estimation of vaccination status to within =10 per-
centage points and achieves this aim very well
(1, 3). It has been used for its intended purpose of
estimating vaccination coverage in many parts of the
world (7).

Such a cluster-sample design is the only practical
solution for most surveys, where the idea of taking a
simple random sample of individuals across the
country would be practically impossible. The EPI
design is appealing in its simplicity, and has been
extended to other health surveys, where the aims
were different. Sometimes the cluster-sampling
scheme or the sample size have been modified to
take account of the objectives of the new survey (4)
but at other times the “30x7"” design has been
adopted uncritically. A sample size which is
adequate to estimate vaccination status to within
10 percentage points will not be adequate if a more
precise estimate is needed, or if a comparatively rare
event like mortality is being studied. Single-stage
cluster sampling may be quite unsuitable for a
survey in which estimates are required for separate
regions of the country.

A need for “further research into possible alterna-
tives to the currently-used 30x7 EPl survey” has
been expressed (2) and the aim of this article is to
present a more general approach to the design of
cross-sectional health surveys, while retaining as far
as possible the simplicity of the EPI strategy.

We shall consider the sampling and statistical
aspects of such surveys: the sample design and
selection method, the size of the sample and the
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estimation of standard errors. There are many excel-
lent textbooks which describe complex designs and
appropriate formulae for their analysis (5, 6), but a
certain level of expertise is needed to make the most
of these, and this is often not available to workers in
the field. Many of the ideas in this article have been
discussed in the context of EPI surveys (2) and have
been used in guidelines produced for particular sur-
veys by WHO and other organizations (7, 8), but
these may not be readily available. The monograph
by Lemeshow et al. (9) covers some of these issues
in detail, and many of the points made here have
also been discussed recently, by Frerichs & Tar
Tar (10} and Frerichs (11), who present a practical
scheme for a rapid health survey making use of
microcomputers, with a more specific sampling de-
sign. Details of other practical aspects of survey
methodology such as field organization, question-
naire design, etc., may be found in a number of
books (12, 13).

In Section 2, we outline some of the concepts used
in this article. Section 3 describes the selection of
the sample and Section 4 discusses criteria of
sample size. The analysis of data is described in
Section 5 and some extensions to the basic design
are considered in Section 6.

2. Aims and concepts

It is important in any survey to set out clearly in
advance the aims of the investigation. This is par-
ticularly important in deciding the sampling strategy
and the size of sample to be taken. The principal aim
of the study will implicitly define the basic sampling
unit or BSU (also known as the ultimate sampling
unit (7), or listing unit (5)). For example, in an EPI
survey the principal aim may be to measure the
vaccination status of children aged between 12 and
23 months. In this case the BSU is the child aged
12-23 months: the sample size is determined in
terms of numbers of these “index” children. Inter-
viewers are instructed to visit sufficient households
to achieve this number, and only to carry out inter-
views in households in which an index child is
found. This is fine as long as the study is restricted
to matters directly concerning children aged 12-
23 months, but if the purpose of the survey is
expanded to also ascertain for example the use of
oral rehydratation therapy for children aged 0-5, then
the sample of such children may be unrepresentative
because it will only comprise those who live in
households containing a child aged 12-23 months.

Most surveys have multiple aims, and for this
reason should be expected to use the household as
the BSU. The only exception to this would be sur-
veys which clearly are focused only on one specific
type of individual, and do not involve other mem-
bers of the household, except as they affect the
individual under study. Even when this is the case,
there are good reasons why the BSU should still be
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the household. Sample-size calculations may be car-
ried out in terms of the number of individuals of a
particular type needed, and then translated into an
approximate number of households. The term
“household” may be interpreted according to local
conditions; a convenient definition may be “those
whose food is prepared by the same person”.

For households there may exist a sampling frame, or
list from which the sample may be drawn. If one
does not exist, some acceptable method can usually
be established for choosing households one by one.
Such a sampling frame is likely not to exist for BSUs
other than households. It would be rare to find
health records which are so complete and up-to-date
that they contain the current population of children
aged 12-23 months for example.

A survey will collect data on many different items,
and most frequently its results will be presented in
terms of rates which are the ratio of two counts. An
example of this would be the estimation of usage of
a health centre by children aged 5-14, which might
be estimated in an appropriate sample by:

Number of children aged 5-14 in sample who have
visited a health centre in the past month

Number of children aged 5-14 in sample

In a survey in which the household was the BSU, not
only the numerator of this ratio ({the number of
children who have visited a health centre), but also
the denominator (the number of children aged 5-
14 in the sample), would be an unknown quantity
until the survey had been carried out. Both would be
different if a different sample of households had
been selected.

Finally, it should be noted that we shall use the term
cluster in its standard sampling sense to mean a
natural grouping within the population, such as a
village, district or other community, from which a
subsample may be selected, and not in its EPI usage
as that subsample itself. Although we talk in terms
of “communities” the reader may interpret this as
villages, urban blocks or enumeration districts or
whatever grouping is appropriate.

3. Selecting the sample

Selection of the sample may be done in several
stages: for example a country may be split into
regions, a number of districts chosen from each
region, a few communities from each district and a
number of households from each community. How-
ever, the basic principles for deciding sample size
and structure and the methods for estimating rates
and their standard errors are the same. They will be
demonstrated first for the simplest situation where a
selection of communities is made directly within
some country (or region), and estimates are ob-
tained for that country.

The extension to several stages of sampling is
straightforward and is described in Section 6. The
number of communities and households to be
chosen will be discussed in Section 4. Here we only
discuss how the selection should be made.

Selection of clusters

The strategy used for the selection of communities
is the same as that used in the EPl method. It will be
necessary to have a list of all the communities in the
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region where the survey is to take place. Some
approximate measure of the number of households
in each community is also necessary. If one can
assume that the mean size of household will not
vary greatly from one community to another, then
any general measure of community population size
will do. The relative size of the communities is more
important than their absolute size, so even an out-of-
date census will be adequate if some allowance is
made for known variations in population growth rate
since then. If some communities are too small to
provide an adequate sample of households, they
should be combined with other neighbouring com-
munities before making the list.

Selection of a sample of communities is then per-
formed by sampling with probability proportional to
size (PPS). As in the EPI methodology, this is carried
out by creating a cumulative list of community pop-
ulations and selecting a systematic sample from a
random start. For example, suppose it is required to
take a sample of three communities from the list of
10 communities shown in Box 1. Divide the total
population of the communities (6700) by the
number of communities to be selected (3) to obtain
the sampling interval (6700/3 = 2233). Choose a
random number between 1 and 2 233. Suppose this
number is 1814. This should be fitted into position
in the list to identify the first community in the
sample. Since 1814 lies between 1601 and 1900,
community 4 will be chosen. Now add the sampling
interval to the initial random number: 1814 + 2233
= 4047, and so community 6 is chosen. Add the
sampling interval again: 4047 + 2233 = 6280 and
community 10 is chosen.

This procedure leads to communities being selected
with probability proportional to size. It is desirable if,
in addition, a constant number of households is
selected within each chosen community. Then,
overall, each household in the population will have
an equal probability of being in the sample. Such a
sampling procedure is said to be self-weighting and
leads to the simplified formulae for analysis given in
Section 5. If some other scheme is used it is unlikely
that the sample will be self-weighting, and a weight-
ed analysis will be necessary. Even the straightfor-
ward unweighted value of a proportion taken from
such a sample would be a biased estimator of the
true population value.

It should be noted that in selecting a PPS sample as
described above it is possible for the same com-

* munity to be selected twice, if that community has a

population greater than the sampling interval. This is
unlikely to happen if the proportion of communities

Box 1. A cumulative list of community sizes

Cumulative
Community Population size  population size
1 1000 1000
2 400 1400
3 200 1600
4 300 1900
5 1200 3100
6 1000 4100
7 1600 5700
8 200 5900
9 350 6 250
10 450 6 700
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selected is small (the sampling fraction), unless one
community is very much bigger than all the others.
If it should happen, the correct procedure to follow
would be to select two subsamples of households
from within this community. It is equally valid
(though less informative) to take only one sub-
sample and count each observation twice over. It is
not appropriate to select another community in-
stead, or to repeat the whole sampling procedure
until no communities are repeated, since either of
these approaches invalidates the required prob-
abilities.

If no measure of community population sizes is
available at all, it will be impossible to carry out PPS
sampling, and communities must be selected by
simple random sampling. In this case a fixed
number of households should still be taken from
each selected community, but the responses ob-
tained will have to be weighted in the analysis (see
Section 5). This will necessitate a count of the total
number of households in each selected community.

Selection of households

The ideal procedure for the selection of households
would be to have a list of all households in the
community and to choose a selection from the list at
random. If such a list does not exist, and if the
community is small, then a list can be created by
carrying out a quick census, or perhaps by consuit-
ing community leaders.

If this is not practicable then some means has to be
used which ensures that the sample is as represen-
tative as possible. This will usually involve two
stages: a method of selecting one household to be
the starting point and a procedure for selecting
successive households after that.

The EPI recommendation for the first household is
suitable (2,2): that is, to choose some central point in
the community, such as the market; choose a ran-
dom direction from that point, count the number of
households between the central point and the edge
of town in that direction, and select one of these
houses at random to be the starting point of the
survey.

The remaining households in the sample should be
selected to give as widespread a coverage as pos-
sible of the community consistent with practicality. It
is possible to follow the EPI strategy of simply going
to the household whose door is nearest to the
current household, but whereas this procedure is
adequate for the purposes of EPI sampling (3)
{where children of the right age are found only in a
small proportion of households visited) it is unlikely
to be adequate in general. It would be better to
choose, say, the fifth nearest household, and better
still to select all the households completely at ran-
dom.

Some procedure needs to be adopted for dealing
with dwellings which contain several households. If
these are infrequent, it is best to select all the
households within the selected dwelling, as this
prevents households in multi-household dwellings
from being underrepresented. If most dwellings con-
tain more than one household, as for example in the
compounds common in some parts of Africa, then
the compound may be treated as a cluster and
multistage sampling used (see Section 6).

In large communities it would be a good idea to
spread the sample around by having more than one
starting point in different parts of the community.
This would also reduce the underrepresentation of
households in the outer parts of the community
inherent in having just one central starting point.

The above ideas should be seen only as sugges-
tions. Any method which achieves a random or
near-random selection of households, preferably
spread widely over the community, would be accept-
able as long as it is clear and unambiguous, and
does not give the field worker the opportunity to
make personal choices which may introduce bias. In
every situation a solution should be sought which is
appropriate to local conditions.

4. Sample size and precision

Precision, clustering and variability

In deciding on an appropriate sample size for a
survey, one is faced with the need to strike a balance
between precision and cost. Ideally, one would de-
cide on the precision needed and calculate the
sample size accordingly. In practice, however, re-
sources are always limited and often the best one
can do is to calculate what sort of precision can be
achieved with the resources available. This is valu-
able: in particular if the achievable precision is poor
then perhaps the decision should be made not to
carry out the survey at all.

The precision of the estimates made from the survey
will depend on the size of the sample and the
amount of clustering, and the item whose value is
being measured. The size of the population from
which the sample is selected has little effect in
practice, and may be ignored. The larger the sample,
other things being equal, the more precise any
estimates will be. For the same overall total sample
size, however, a survey in which a large number of
clusters is selected, and a few households visited in
each, will give more precise results than a survey in
which a larger number of households is visited in
each of a smaller number of clusters. For example, a
survey in which 300 mothers are interviewed will
usually give more precise results than one in which
200 mothers are interviewed, but if the 300 are dis-
tributed as 50 clusters of size 6, they will give better
estimates than if they were distributed as 30 clusters
of size 10. In opposition to_this, a larger sample size
and more clusters (even if somewhat smaller) will
lead to an increased workload, which in turn means
increases in costs and time.

The precision of an estimate also depends on the
item itself and how even is its distribution across the
population. For example, suppose the overall (un-
known) proportion of households with a pit latrine in
the region were 40%: if the proportions in each
community in the region varied very little (say from
35% to 45%) then a small number of clusters select-
ed would give a reasonably precise estimate; if, on
the other hand, the proportions in each community
varied more widely (say from 0% to 80%) then one
would need a considerably larger sample to be sure
of obtaining the same precision. This variability is
measured by the rate of homogeneity (roh) which
will be discussed in detail below (6).

The usual way to measure the precision of an es-

timate is by its standard error. We can then con-
struct a 95% confidence interval for the true value
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from (estimate —2 standard errors) to (estimate +2
standard errors). If we denote the average number of
responses achieved to an item per cluster by b and
the total number of responses to the item in the
survey by n, then the standard error of an estimated
proportion p may be written in the form

s = VIp(1-p}D/n]. (1)

Note that this is an extension of the simpler formula
used when the data are assumed to come from a
simple random sample, the binomial formula

s = VIp(1—p¥n]. (2)

The value of /D measures the increase in the
standard error of the estimate due to the sampling
procedure used.

D is known as the design effect and is given by
D=1+ (b-1)roh, (3)

where roh is the rate of homogeneity mentioned
above and b is the average number of responses to
the item per cluster (see below). The value of D (or
equivalently of roh) will be estimated in the light of
experience of previous surveys of similar design and
subject matter. Such a value may be used for guid-
ance on sample size decisions before the current
survey is carried out, but once the analysis is under
way, standard errors should be calculated using the
methods of Section 5. The simple formula (1)
should not be used for this unless D has been
evaluated anew (see Section 5).

If a survey of similar design (using the same size of
sample per cluster) has been carried out previously,
then for any particular item in the questionnaire the
design effect may be estimated from the data of that
survey by the ratio of the appropriate cluster-sample
variance to the variance as if it were a simple
random sample (shown in Section 5). If data from
such a survey are not available, b and roh must be
estimated separately as described in the following
paragraphs.

Estimating b and roh

It makes sense to choose the number of households
to be visited in each cluster on practical grounds, for
example, the number that can be completed in one
full day's work by a team of interviewers. It would
be inconvenient to choose a cluster-sample size that
would involve the interviewing team in spending
parts of a day in different places.

For any given item in the survey schedule, the value
of b can then be obtained. If there is one response
per household then b will be equal to the number of
household visits achieved in each cluster. If there is
one response for, say, each child aged 12-
23 months, then b will be the expected number of
such children to be seen in each community.

The value of roh may be thought of as a measure of
the variability between clusters as compared to the
variation within clusters. In a single-stage cluster
sample such as the one described here, roh is
equivalent to the "intra-cluster correlation” (5); in a
more complex design such as a stratified multistage
survey, roh is composed of the components of vari-
ability from all stages of the design.

'"W.M. Liyanage, unpublished MSc thesis.
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The value of roh will be higher for those items
whose value varies more between clusters. For ex-
ample, because families in the same area tend to
have broadly similar socioeconomic status, variables
such as “husband’s occupation: clerical” will be
more likely to produce the same response for two
individuals in the same cluster than for individuals in
separate clusters. Such socioeconomic variables
may have a relatively high value of roh, around
0.20 (14).

Demographic items such as “currently married” and
measures of mortality will be hardly more likely to
produce the same answer from two respondents in
the same cluster than from two respondents in
different clusters, and will have roh very close to 0,
around 0.02 (74). Questions of general morbidity
such as “ill in past two weeks” may have similarly
low values, but morbidity from specific infectious
diseases may have much higher values, up to
0.3 (4). For questions of health-care practice and of
use of health-care services such as “use of ORS for
last episode of diarrhoea” or immunization cover-
age, responses will depend on the level of services
locally and on local custom, and the value of roh
may be from 0.1 to 0.3 depending on the amount of
variation between communities (10, 74). Although in
theory roh can take values up to 1, in practice
values above 0.4 are uncommon, except for vari-
ables which are specific to the locality rather than
the household, and hence clustered by definition,
such as for example “health centre within
30 minutes walk”. The values of roh can also be <0,
particularly in stratified surveys, but usually a value
<0 may be considered as being due to sampling
variation and treated as 0.

These guidelines for roh, based on the results of the
health surveys in developing countries cited above
and a review of further studies' are necessarily
vague, as there will be variability in the value of roh
from country to country, from survey to survey and
from item to item. One possible contributing factor
to the size of roh would be poorly trained inter-
viewers and poor supervision: variability between
interviewers could result in a large increase in roh.
There is evidence that roh declines slowly with
cluster size. In principle it would be best for a
particular survey if values of roh can be taken from
the results of a previous round of the same survey.

Estimating design effect and precision

Having selected appropriate values of b and roh for
the most important items in the survey, one can
then calculate the design effect D using the for-
mula (3). Although experience is limited, it is
known (74) that roh is more likely to be constant
from one survey to another than is D. The value of D
increases with cluster sample size, for example with
roh = 0.10, a cluster sample size of 7 would imply a
design effect of 1.6, whereas a sample of 30 from
each cluster would lead to a design effect of 3.9. Use
of the formula (3), however approximate, is more
likely to be appropriate than the value of 2 often
used for the design effect regardless of cluster size
or type of item.

For example, consider a household survey in which
an item of major interest is the proportion of house-
holds with a pit latrine. Suppose a reasonable work-
load for a team of interviewers is 30 households per
cluster, and it is expected that resources will allow
for about 20 clusters to be sampled. Since there will
be one response per household, b will be equal
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to 30, and m = 30 x 20 = 500. If we have soma idea
aof the proportion p in advance, we should use it in
tha formula, but if not it is best to u%ﬂ B
- guess sinca this maximizes s and he n the
safs side. Tha value of roh is hardest 1o astimate,
but is likely to be high, with more variation in such
an item batween communities than within each com-
munity, 30 wa may take roh = 0.20. Using the far-
mula {3} we obtain a design effect of

Dw1l+i(29 % 0.20) = 8.8
and from (1) the estimate of the standard arror is
s=+]0.5= 05 x 68/600] =005

or 5%. This indicates that with such a sample size
we can be 95% certain that the true proportion of
houssholds with latrines will lie within =10%
(2 standard errors) of our estimate. Whether or not
this precision is adequats depends on the purpose
of our survey. If the design effect had been ignored,
we would have predicted a standard error of

s = +/10.5 % 0.5/ 600] = 0.02,

ancouraging us to believe that our survey would
give much more precise results than would actually
be the case.

Suppose that in the same survey we also wished to
astimate the proportion of children aged 12-
231 montha who had been adequately vaccinated by
their first birthday. if we could assume that such
children are found in about one-quarter of all house-
holds, then we would expect to about
7 responses from each cluster, and we would take
this as the value of b. The values of n would ba
7 x 20 = 140. We might take the value of roh 1o be
0.10 and following tha above calculations would
obtain D = 1.6 and 5 = 5.3%, giving a 35% confi-
dance interval of about 11%. ignoring D would have
led us to underastimate the width of the confidence
interval as B%.

Estimating sampla size

H the investigator knows that a certain precision is
required from the survey, then the necessary sample
size may be calculated. Usually it will be a matter of
deciding how many cluster samples of a given size b
will be necessary. dasign affect D should be
calculated from (3) as before, and then the number
of clustars nacessary is given by c whare

1
o pll - mD.
s'h

!

|

|

L—\_ --—""'_'_'__J_ iy

For axample if p /s sxpected to ba around 20% for
some maasure of disease prevalence, for which we
expect roh to be asbout 0.02, and suppose that we
wish to estimats p to within =5%. If we expect to
have 20 responses from each cluster, then the value
of D will be 1.38 (from (3)]. For a confidence intarval
of 5% wae shall need 5 = 0.025, then from (4] wa
nead c = 18 clustars.

4

it we had failed to take account of the design effect
we would have estimated the sample size from
equation (4] as 13 clusters. Using equation (1), we
see that our result would then have had a predicted
standard deviation of 0.029 and a confidence interval
of =6%. a little less precise than desired. The small
size of tha loss of precision in this axample is due

only to the small value of 0. In many cases, O will
be considerably larger, and Lhe precision achieved
considerably less than desired. In genaral, ignoring
the design effect in estimating the sample size re-
guired will lead to confidence intervals which are
wider than desired by a factor of D,

Such calculations should be made for the most
important items in the survey scheduls. ldaally ¢
should be chosen 1o be the largest value given by
these calculations in order to satisfy all the require-
mants. If the sample sizes necessary for differemt
itams ara grossly different (as may happen in a
study which covers both disease prevalence and
usage of health-care facilities), it may be advisable to
just use & subsampla for thosa questions requiring
fewer responses. However, the increase in com-
plexity of the instructions given to interviewers
means that this should be used with caution.

Ona should nota that if the prevalence of an item
under consideration is expected to be quite low, for
example HIV seropositivity which may in some
countries be around 2%, then it is not sensible to
design a survey o achieve an absolute precision of
§%. |ln such a casa the standard arror desired needs
to be considered relative to the expected prevalence
rate, and would ba much smaller, say 0.5% in
absolute terms.

If the survey has been stratified (see Saction & then
each stratum should ba considered as a separale
survey, and sample-size calculations performed for
each one to give the precision necessary for that
stratum. The precision of the overall national es-
timate will then ba somewhat better than that for
any single stratum.

If the survey is one of a series, and the purpasa is to
estimate the change in some measure since ihe
previous survey, then one needs to estimate the
stancard error of the change. This will be larger than
the standard error of the new estimate of the
measure, because of the imprecision of the estimate
of tha measure from the pravious survey. To allow
for this, the sample size may need to be double that
calculated by the usual methods.

5. Analysis of data

This section describes the methods used to provide
estimates of proportions or rates, together with
standard arrors of thoss estimates so that confi-
dence intervals can be calculated. A mean valus may
also be estimated in the same way. YWa also describe
how to calculate D and roh. The methods described
below can be carrisd out on & simple calculator
having a square-root key, and the use of a spread-
sheet is illustrated in the Annex. The calculations in
this and sarliar sections may also be programmad
easily on a computer using a spreadsheet package,
as shown by Frarichs (170,

Estimation of a proportion

Suppose that a number of households have been
salectod in sach of ¢ communities with a view to
astimating [by examining their record cards) what
propartion of children agsd 12-17 months wers fully
vaccinated on their first binhday. Suppose that in
the ™ community (i=1...., c| thess were x; children
whose record cards were examined, and that y; of
thase were fully vaccinated as defined by the study.
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Then the proportion of children in the ™ community
who were fully vaccinated will be given by

o= .

In the survey population as a whole the proportion
whao are fully vaccinated will be estimated by

p = Zy/Ex (5

ie. the total number of children veccinated divided
by the total number of children whosa cards wera
axamined. This ia the straightforward ratio of the
sample totals. Mote that it is not the same as the
average of the py's, which would be incorract since it
does not take account of the variation in the x's.

The standard arror, 5, of p is obtained from the
formula

s = [6Zxh{[Zy? — 2pExy; + pTExelc-10]). (6)

A spraadsheet for calculation of s is given in the
Annex, with an example of its use. This formula is
more complex than the formula (2} usually used by
standard computer packages in that it takes account
of (i} the clustering of the sample and (i} the vari-
ability between clusters of the denominator x, This
valua, (the number of record cards examined in the
/M community) will have been unknown before the
survay began and would probably be different if a
diffarent sample of households were taken from the
same community. Failure to take account of these
factors would lead to underestimation of s and
conssquent overconfidenca in the precision of tha
results (see Annax for an exampial. In many cases x;
will not vary much between communities, for ex-
ample when x; is the number of houssholds salect-
ed, and then the simpler formula

s = +/[Eipr-pFlcic-11]} {7
may ba used instead of (6).

Estimation of means

At times one will collect data on valuas which are
not simply “yes/no” atiributes of the household or
parson, but counts or other measurable guantities,
for example “number of children aver born” or
“number of rooms”. In this case one may wish to
astimate the mean value over the population, for
example the mean number of children ever bom
(akthough of course one may also estimate a propor-
tion, for example the proportion of woman who
have given birth to more than 3 children). Estima-
tion of the mean and its standard error are carried
out in axactly the same way as for a proportion
(Section 5) except that y; will now be equal 1o the
sum of the numbers of children aver born to all of
the x; mothers interviewad in the /" community,

Weighted analysis

In many situations there will ba a nead to weight the
observations to allow for differant probabilities of
selection or different levels of non-response. For
example suppose clusters were chosen with PPS
2 in Section 3, and it was intended to wvisit
23 households in each one, but because of staff
iliness it was only possible to visit 16 households in
one of the clusters. If this fact is ignored, it will lead
lo that cluster baing underrepresented in the calcula-
tion of the proportion p and its standard error. The
solution is 1o weight the responses from this com-
munity by multiplying them up by 25/(16. In more
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genaral terms, this means replacing x; and y; each
time they occur in formulae (5) and (8) with wpy and
Wy, giving the mora genaral formulae

P = Twiy/Ew
and
s = [eEwalvi[Ewy' - 2pEwixy + p"Iw i Welc- 1]},

where w; is the weight attached to the ™ cluster, An
unweighted cluster has wy = 1.

If clusters are sampled with probability proportional
to size and x; repressnts the number of BSUs
(households) selected, then the proportion is astl-
mated by g, the average of the p;'s, and we can use
formula (7) for its standard arror with p replaced by
g In other cases tha approximate formula (7)
ignores the size of the cluster and should not be
used if weighting is necessary.

Weighting may also be used 1o allow for clusters not
being selected with probability proportional to size,
for example when currant size was not known at the
time of their salection and they wera selectsd with
simple random sampling (or with probability pro-
partional to 8 poor or very out-of-dste measure of
size). In this case the weight will be proportional ta
the actusl population of the cluster (or the ratio of
this to its old estimata).

Estimation of design effect

The results of any survey may be used to estimate
design effects, for use in the same or future surveys.
The design effect is estimated by

& from squation (8) or {7)
# from equation (2)

D=

The rate of homogeneity, roh, may then be esti-
mated as

D - b - 1)

whaere b is as defined earlier. An example is given in
the Annex.

Imputation of standard errors

In a large survey it may not be feasible to use the
cotrect formulae (6] or (7) to estimate the standard
error of every variable. In such a case one may
calculate exact standard errars for a few variables of
aach type (sociceconomic, health status, etc.). Di-
viding each standard error by the corresponding
binomial value (2) gives a new estimata of the
design factor (the square root of the design effect
VD). For the remaining variables of the survey the
simple formula (2) as grven by calculater or standard
software can be used, and just multiplied the
most appropriate valua of +/ D obtained for variables
of similar type.

8. Extenzions

The previous sections describe cluster-sampling pro-
cedures in a simple context: a sample of com-
munities is selected from the whole region under
consideration and a sample of households is visited
in each selected community. Such a sampling
scheme will be inadequate if the region is very large
or if ssparate estimates are needed for different
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geographical areas. In this section we show how the

technigues described above can be extended to -

allow for multistage sampling and stratification

Multistage sampling

In a large region or country where an overall as.
timate is required, it will usually be sensible to select
the sample of communities in at least two stages.
For axamplae, if the country is split into a numbar of
administrative districts one would take a samplea of
districts by the systematic PPS method described in
Section 3 (i.e. by making a list with cumulative
population sizes). Within sach selected district, cam-
munities would ba selected, again by the systematic
PPS method. The same number of communities
must be salected in each district. If some districts
ara very small it may be sensible to combine them.
Households would be selected in the usual way,
with again the same number selected in each com.
munity.

With the systematic PPS method described here it is
possible that the same district may be selected
twice. This will happen if the populstion of the
district is larger than the sampling interval. In this
case two indepandent samples of communities
should be selected from this district.

Decisions on the sample size will be made axactly as
in Section 4, except that b will now be the expected
number of responses per district and ¢ will ba the
number of districts in the sample. The value of roh
is now an indicator of the ratio of between-district
variances to within-district variances. In theary, this
requires an estimate of roh from a survey of similar
multistage design. In practice. such estimates are
not available, and the best one can do is probably to
usé the values given in Section 4 as guidelines, and
bear in mind that they will ba overestimates, as the
value of roh is likaly to decline slowly with the size
of the primary cluster used.

The analysis will follow axactly the same pattarn as
in Section 5 except that x; and y; now refer to the
number of responses and the number of positive
responses respectively in the  district, summed
over all communitias selected in that district,

The method of sampling described hare may be
extended in exactly the same way to more stagas if
required.

Stratification

It may be necessary to obtain separate estimates for,
say, the urban and rural sectors of the population, or
for different provinces or ecological zones. Each
province [(etc.] will be a stratum, and a sample
should be selected independently from each
stratum. The sample size and structure for aach
stratum should be chosen with the conditions and
needs of that stratum in mind, as if & saparate
survey were being carried out in that stratlum alona.
The samples may be of a differant type and/or size
for aach stratum.

An estimate for esch siratum may be calculated
together with is standard error by treating each
stralum as a separate survey. A siratified estimate
for the whole country may then be calculated by
weighting the stratum estimates by the stratum pop-
ulations. For example, suppose there are threa strata
and the estimates from them are p), p; and P with

standard arrors sy, 8y and $3 respectively. Then the
estimate for the whole country wauld be

B = Vim + Vapg + Vip;y
with standard error

8 = Vs + Ve & Vy'ay']

where V; is the proportion of the country’s popula-
tion which belongs to stratum 1. and 3o on [V, = V;
+ V3 = 1). The standard error s for the national
estimate will be somewhat less than the standard
arrors for the individual strata.

Implicit stratification

Stratification usually leads to a small reduction in
the standard error of the overall estimate p, com.
pared to the error that would have been obtained if
the survey had not been stratified, Another way of
obtaining such a reduction is by implicit stratifica-
tion. This is simply carried out at the time of selec-
tion of communities {or districts) by ensuring that
the list of communities fram which the systematic
sample is to be taken is ordered by some measure
which is correlated with the main purpase of the
survey. For example, in a survey of the utilization of
mother-and-child health facilities, there may have
been a previous study carried out some years ago
on the same subject, or there may be other krow-
ledge available which indicates which communities
may be axpected to have high levels of utilization
and which communities low levals, |f not, one may
ba able 1o guess that those communities which are
further from the regional capital, or which cover a
more widely-scattered populastion, will have lower
levals of utilization than others. Whatever the
measure chosen, if the communities can ba listed in
approximate order from a high to a low level of
expected utilization, then the sample selected will
contain communities with a spread of utilization
levels, and the estimated proportion p will be more
precise. The standard error will ba reduced, and its
estimate s pgiven by (8] will ba somewhat of an
overestimate (15). The improvemnent in  precision
cannot ba quantified adequately to allow its use in
sample-size calculations.

7. Conclusion

A simplified approach 1o survey design has bean
presentad, with no attempt to cover all possible
types of estimstion. We have rathar aimed to pro-
vide a set of guidelines which will énable the prac-
litioner to plan a survey in a way which will give a
reasonably representative sample, without any great
bias, and of a suitable size io give adequate preci-
sion without w resources. The values given for
the rate of homogensity

approximate, but variability between surveys and
_ variables is such that precise advice is
impossible. The mathods of analysis presented hare
offer an improvemnent on the common practice of
assuming that the data came fram s simple random
sample and using the standard errors given by a
calculator or standard computer package.
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SUMMARY

GQenersl guidelines are presented for the use of
oluster-sample surveys for health surveys in deval-
countries. The emphasis is on mathods which

(¥ used by practitioners with little statistical
and no background in sampling. A simple

ing design is used, based on that used by

the World Health Organization’s Expanded Pro-
gramme on Immunization (EP1). Topics covered in-
clude sample design. methods of random ssiection
of areas and households, sample-size calculation

and the estimation of proportions, ratios and means
with standard arrors a riate to the design. Ex-
tensions are disc , including stratification and
multiple stages of sslection. Particular attention is
paid to allowing for the structure of the survey in
estimating sample size, using the design effect and
the rate of homogeneity. Guidance is given on pos-
sible values for these parameters. A apreadsheet is
included for tha calculation of standard errors.

RESUME
Méthodes générales simplifiées pour les enquétes sanitaires
utilisant le sondage par grappes dans les pays en développement

Cet article présente des directives générales concer-
nant lexécution d'enquites sanitaires utilisant le
sondage par grappes dans les pays en développe-
ment. L'accent y &5t mis sur des méthodes utilisa-
bles par des praticians peu spécialisés an statistique
st sans formation de basa en matiére de sondages.
Ces méthodes font appel & un plan comportant un
dispositif d'auto-dvaluation simple, i de celui
qui est utilisé par la rammea élargi de vaccina-
tion (PEV] de I'Organi mandiale de la Santé.
Les sujats traités couvrent la plan de sondage, les
miéthodes de sdlection aléatoires des zones ot das

ménages, le calcul de la taille des échantillons et
I'estimation des proportions, des taux et des
moyennas, AVeC les erreurs types approprides au
plan. L'article traite aussi de questions telles que I8
stratification et les différentes étapes de |a sélection,
On insiste sur I'importance de tenir compta de la
structure des enquétes pour estimer la taille des
#chantillons, en utilisant I'seffet de plans et la taux
d’homogénéitd. Des conseils sont donnés sur les
valeurs qu'il serait possible d'attribuer & ces para-
mitres. Une feuille de calcul pour les erreurs types
ast jointa.

ANNEX
Estimating the standard error of a ratic and its design effect

The use of & simple spreadsheet for the calculation
of an estimate and its standard error using the
precise formula (8] is demonstrated using the follow-
ing exampile. The use of the approximate formula (7)
for the standard error is also shown, and the design
effect is calculated. The sample size is much smaller
than those encountersd in practice but all the impor-
tant stepa in the calculation are demonstrated.

Six_communities are selected using the systematic
PPS§ procedure. Twenty households are chosen in
each community in order to estimate, for the popula-
tion, the proportion of recently-pregnant mothers
who have received postnatal care.

The data ara:
Numbar of recently- Number receiving

Community pregnant women postnatal care

1 2 2

2 T 5

3 4 3

i -] 3

5 ] 1

] 3 1]

W ik pigvest guat, 0 1B |

The sproadsheet is constructad as follows:

¥ x ¥ = x¥i P

F4 2 4 4 4 1.00
5 7 5 49 as 0.70
3 4 9 18 12 075
3 8 3 38 18 050
1 i 1 18 4 028
0 k| 0 | 0 000

Total A=14 B=26 C=48 E=130 Fa=73

Here c=8 is the number of communities; ¥, is the
number of recently-pregnant mothers in the ™ com-
munity who have received postnatal care; x; is the
number of recently-pregnant mothers in the sample
from the ™ community.

The estimated propartion is
p= AB = 0.5385.
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The standard error s, as given by I8). is calculated as

fallows:

New quantity Calculated as Value
p* pep 0.2900
G 2=xpxF 78.621
H pf x E ar.m
J C-G+H T.079
K J/ e = {e-1)] 0.2380
L viK 0.4858
8 cxL/iB 0.1

Tha 95% confidence interval for the true proporion
15 0.5385 = (2 = 0.1121), i.e. 0.314 10 0.783,

The approximate formula {7) gives s = 0.1482. The
difference between this figure and that given above
arises because the x,'s are very variable.

The standard error assuming a simple random
sample is given by 12} ag

Sars = 2/ {[0.5385) = {1-0.5385)/26} = 0.0978,
thus ignering the design of the study would have led
us to assign our estimate a confidence interval from
0.343 to 0.734, which ig 13% narrawer than the
correct value,
The design effect is estimated as
D = 8%8gy? = (0.11217/(0.0978F « 1.31.

Since b = Tx/8 = 4.333, roh may be estimated in this
case by (D - )b - 1) = 0.083.
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