CHAPTER IV
CHOOSING THE SAMPLE

This chapter iswritten for survey coordinators and technical resource persons. It
will enable you to:

v’ Understand the basic concepts of sampling.

v’ Calculate the required sample size for national and subnational estimates.
v’ Determine the number of clusters to be used.

v/ Choose a sampling scheme.

UNDERSTANDING THE BASIC CONCEPTS OF SAMPLING

In the context of multiple-indicator surveys, sampling is a process for selecting respondents from
apopulation. In our case, the respondents will usually be the mothers, or caretakers, of childrenin
each household visited," who will answer all of the questions in the Child Health modules. The
Water and Sanitation and Salt | odi zation modul esrefer to thewhol e househol d and may be answered
by any adult. Questionsin these modules are asked even where there are no children under the age
of 15 years.

In principle, our survey could cover all households in the population. If all mothers being
interviewed could provide perfect answers, we could measureall indicatorswith complete accuracy.
However, interviewing al motherswould betime-consuming, expensiveandwasteful. It istherefore
necessary to interview a sample of these women to obtain estimates of the actual indicators.

The difference between the estimate and the actua indicator is called sampling error.
Sampling errors are caused by the fact that a sample—and not the entire population—is surveyed.

Sampling error can be minimized by taking certain precautions:

= Choose your sample of respondentsin an unbiased way.

= Select alarge enough sample for your estimates to be precise.

Choose your sample from all the households. Avoid choosing samples which might result
In biased estimates.

'A household is agroup of personswho live and eat together.
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S~ EXAMPLE:

Do not choose samples exclusively from particular groups, such as children coming to
clinics.

Do not ask mothersto bring their children to acentral point inthe community, because some

of them will not come; you will not be able to find out how many failed to appear and how
different they may be from those who came.

Do not use samples chosen at will by the interviewer, field supervisor or field director.

Do not restrict your sampleto familiesliving in easily accessible households, such as those
closeto amain road or near avillage center; familiesliving in less accessible areas may be
poorer and less healthy.

Do not omit households where no one is at home the first time you call. Find out if the
household is inhabited, and revisit at alater time.

If a Samp|e does not accurately represent T
whole population of interest, the estimate will  To avoid bias you should use probability
be biased. That is, the estimate will be shifted sampling to select your sample of

in onedirection or another from thetruevalue. respondents. Bias depends on the
selection procedure, not on sample size.

Probability sampling ensures that all Larger samples tend to be more precise
individualsin the target population (for exam- but are not necessarily less biased.
ple, al mothers of YoUNg Children) Ny o i —
known chance of being interviewed.

In order to take aprobability sample, you must haveasampling frame. Thisisalist of all the
units (states or provinces, districts, communities, households, individuals, etc.) in the population
fromwhichyouwill chooseyour sample. Virtually no country hasupdated listingsof al individuals
and only very few have household listings. Y our sampling frame, therefore, will typically include
listings of larger population units such as states or provinces, districts, towns, villages or census
enumeration areas. Y ou must also have an estimate of the population or number of households for
each of these units aswell as ensuring that all the units are included in the sampling frame.

Since in multiple indicator surveys we are usually interested in obtaining national-level
indicators, it isnecessary to employ multi-stage sampling. For example, you might start by selecting
a number of provinces (first stage), then a number of districts in each of the chosen provinces
(second stage), anumber of communitiesin each selected district (third stage) and, finally, anumber
of householdsin each chosen community (fourth stage). Each of these sel ections may use one of the
different types of sampling listed below. Further on in this chapter, we will provide some actual
examples of how different types of sampling were combined in multiple stages.
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Simple Random Sampling

Simplerandom sampling isthe simplest form of probability sampling. Random numbersare chosen
using a calculator, a computer program or a random number table. Alternatively, the names or
identification numbers of all communities, households or individuals could be written on pieces of
paper and the desired sample could be selected by picking the required number of papers. Each
community, person or household corresponding to the numbers chosen is then included in the
sample. In simple random sampling, the selection of oneindividual isindependent of the selection
of another individual.

Systematic Sampling

Systematic sampling is amodification of simple random sampling. It consists of picking every nth
(5th, or 10th, or 50th and so on) household from a complete list of households. When employing
systematic sampling, you must ensure that the list you use is not ordered in any regular way which
would bias your sample.

> EXAMPLE!

If the list is ordered village head, subhead, other households, then another village
head, subhead, other households, and so on, systematic sampling may bias your
results. For instance, if you alwaysstart at thefifth household in each villageyou will
never include any village heads or subheads.

Cluster Sampling

As dready noted, in countries where surveys are necessary to measure goal indicators, lists of

households or individuals are not usually available. It isusually too expensive and time-consuming

to construct such alist and then to locate the households. The logical choice, then, isto use cluster

sampling—that is, to select groups of households which are geographically close to one another.
Cluster sampling usually involves at least two stages of selection.
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S~ EXAMPLE:

A number of communities’ may be initially selected from a sampling frame (list of
communities), and then acluster israndomly chosen within each of these communi-
ties. All households in those clusters are then interviewed.

Households are the basic sampling unit (that is, the smallest unit to be sampled). One might
also use children under age five as the basic sampling unit, but households are much easier to
identify and to list than children under five years of age. The final choice of householdsis madein
the community. Different ways to choose households within acommunity are discussed in chapter
6.

Cluster sampling has many advantages.
It reduces time and travel costs and simplifies Cluster sampling is always used in
field work. It aso eases field supervision and multiple-indicator surveys.
survey administration. This i important Since e ———
better supervision of interviewers will result in better data quality. However, cluster sampling
impliesthat each respondent isnot chosen independently of the other respondents—after all, they are
nei ghbors—and this may increase the sampling error.

Sampling with Probability Proportional to Size

Communitiesmay vary considerably in population. If simplerandom or systematic samplingisused,
both large and small communities will have the same probability of being included, which is
incorrect. One way of compensating for these differencesis to choose clusters from the sampling
frame with probability proportional to size (PPS).

One advantage of PPS is that, T
properly used, each household in the sample Communities with larger populations
will have an equal chance of being selected. should have a proportionately greater
The sample is then said to be self-weighting, chance of containing a sele(_:t_ed cluster

) S ) . than smaller communities.
which will ssimplify the analysis. -

The procedure for PPS sampling is
described in the following section. You may use PPS selection at most stages of your sampling
scheme. For example, you may use PPS sampling to select states or provinces in a country,

ZA community is defined as a grouping within a population, such as a town, village or census
enumeration area. In this manual we use the term cluster to mean a randomly selected sample from the
community. Thisisthe EPI usage of theterm; in statistical literature, the clusteristhe community, and other
publications might refer to it in that way.
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municipalities within a state or communities or villages within adistrict. The example below deals
with selecting communities from a district but the procedure is exactly the same whatever the
sampling units you choose.

Procedure for Sampling with Probability Proportional to Size

To select the communities to be used in the survey you will need:

= alist of all communitiesin the district to be surveyed (in this example, every household in the
district belongs to one—and only one—community)

= an estimate of population size (or the number of households) in each community?

= the number of clusters you want to have in the district (discussed later)
To sample the communities with PPS, complete the following seven steps:

1. Makeatablewith threecolumns, asshown in theillustrativetable on thefollowing
page.

Column (1): Assign anumber to each community. List the communities.

Column (2): List the population of each community.

Column (3): List the cumulative population of each community—that is, the sum of the
population of that community plus the populations of all the communities
above it in thetable.

L= When listing the communities, try to usealogical order, such asageographical pattern. See
the discussion about implicit stratification, below.

2. Calculate the sampling interval using the following formula:
Sampling interval = cumulated total population + number of clusters required

Using the example above, and supposing we need to select three clusters, thiswould give:

Sampling interval = 6,700 + 3 = 2,233

%|f the average size of households does not vary greatly from one community to another, you may
use the following formula to estimate the population in each community: population size = number of
households x average size of a household
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ILLUSTRATIVE TABLE:
Cumulating Community Populations

Village Population Cumulative
size
1 1,000 1,000
2 400 1,400
3 200 1,600
4 300 1,900
5 1,200 3,100
6 1,000 4,100
7 1,600 5,700
8 200 5,900
9 350 6,250
10 450 6,700

3. Select arandom number which isequal toor lessthan thesamplinginterval. For the
above example, we need to choose a random number between 1 and 2,233. You can select this
random number by using a calculator, a computer, a table of random numbers from a statistics
textbook or even by asking someone (who is not familiar with the survey) to choose a number
within this range. Let us suppose that the chosen number is 1,814.

4. Look back at the table. Locate the first cluster by finding the community whose
cumulative population exceeds this random number. In the example, the first cluster would be
located in village 4, where the cumulative population is 1,900.

5. Add the sampling interval to the random number. In the example, 2,233 + 1,814 =
4,047.

6. Choosethe community whose cumulative population just exceedsthisnumber. The
second cluster will belocated in thiscommunity. Inthe example, the second cluster will be located
invillage 6.

7. ldentify thelocation of each subsequent cluster by adding the sampling interval to the
number which located the previous cluster. Stop when you have located as many clusters as you
need.

If a community has a population which is larger than the sampling interval, it may be



CHOOSING THE SAMPLE 4.7

selected twice. Two independent clusters must then be selected from that same community. This
is perfectly valid.

Once you have done your PPS sampling and ensured that thereareno errors, resist the
temptation to do it again if your first sample does not please you.

Stratified Sampling (Stratification)

Y ou may want to measure indicators for subgroups within your national population. Since some
of these subgroups may have fewer individual sthan others, you will want to ensurethat all of them
are adequately represented in your sample. Using PPS may result in small samples for groups
representing a small proportion of the overall population. Stratification solves this problem. Y ou
will create one stratum for each subgroup and sample each stratum separately.

Stratification is commonly used to produce subnational data—for example, at the state or
province level. If you do not stratify, your large states or provinces will have samples many times
larger than the small states or provinces. To achieve equal precision for al states (see discussion
below) you may select the same number of households in each state, and later weight the results
according to the actual proportion of the national population in each state (see chapter 7).

In addition to providing subnational indicators, stratification can be used to generate data
for subgroups living under specific conditions.

~ EXAMPLE:

Urban slum dwellers may constitute only asmall fraction of the population in some
countriesbut may present specia needs. Therefore, at the beginning of the sampling
procedure one might list urban slum areas separately from other areas and ensure
that a sufficient number of slum dwellings are included in the sample by giving
themahigher probability of selection. Thissamplewould then havetwo strata: slum
dwellersand all others.

When stratification is used, the sample size in each stratum is not usually proportional to
itsactual population. Thisimbalance hasto be corrected in the data analysis. For example, if Sslum
dwellers constitute 5 per cent of acountry’s population but your stratification procedure resultsin
asample with 10 per cent belonging to that category, the sample datawill have to be weighted to

produce national results.*

“In this example, each slum-dwelling child would be given aweight of 0.5 (since 5 per cent isone
half of 10 per cent); also, non-slum dwellerswould be given aweight of 0.95/0.90 because they account for
95 per cent of the population but only for 90 per cent of the sample. The general formulafor the weight is
equal to (proportion in the population)/(proportion in the sample). See chapter 6.
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Implicit Stratification

Implicit stratification isaspecial form of stratification. It consists of listing the unitsto be sampled
(for example, clusters) according to alogical order and then sampling systematically or with PPS
from that listing.

~ EXAMPLE:
Y ou could follow ageographical pattern from north to south or west to east, or you
could start from the district capital and move away from it.

This ensures that the units will be more or less evenly spread within the listing and avoids the
possibility that, due to chance, one type of community ends up being under-represented. This
logical order may be geographical or may follow the distribution of arelevant variable, such as
proximity to health services or socioeconomic indicators.

In addition to helping produce reliable results at the subnational level, stratification is a
useful tool for improving the overall precision of your national estimate.

The above-discussed types of sampling—simple random, systematic, cluster, PPS and
stratification—are by no means exclusive. As the examples below illustrate, they may be
combined at different stages of sampling to produce national estimates.

How TO CALCULATE THE SAMPLE SIZE

Sample size estimation is a simple procedure, yet many people are put off by its apparent
complexity. This section will lead you through the various steps required for this calculation. At
the end, a spreadsheet program is introduced which carries out these calculations. Understanding
the basic principles of sample size estimation, presented below, isessential for the proper use of the
spreadshest.

Surveying asample of children will give you an estimate of the actual goal indicator, such
as the proportion of households using iodized salt. Due to sampling error, this estimate is not an
exact measurement. The use of probability sampling, however, allows us to calculate a range in
which the actual indicator can be reasonably expected to fall. The upper and lower limits of this
range are known as the margin of error.’

~ EXAMPLE:
Theclassical EPI surveys estimated vaccine coverage with amargin of error of plus
or minus 0.10, or 10 percentage points. Thismeansthat, if our survey foundaBCG

*The term ‘*margin of error,” used in this document, may be called ‘‘level of precision” or
“*confidence interval’’ in other publications.
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coverageof 75 per cent, we could bereasonably confident that the actual popul ation
value would fall between 65 and 85 per cent.

By "reasonably confident,” we mean that there will be only a5 per cent chance that the actual
coveragein this population isoutside the margin of error determined by the survey. In other words,
we can be confident that in 95 out of 100 surveys the true rate in the popul ation would lie within
this margin.

For sampl e size estimation, you must obtain or estimate somebasi c figures. Follow the steps
below to calculate the required samplefor each goal indicator. Wewill use BCG vaccine coverage
as an example. Remember that in the cal culations you must always enter percentages as decimal
numbers (for example, enter 0.6 for 60 per cent).

1. Guess/anticipate the proportion you are about to measure. Using any available
information, make arough estimate of the proportion of children who are vaccinated. Thisiscalled
the anticipated proportion.

~ EXAMPLE:
You may guess that 80 out of every 100 children born have been vaccinated.
Therefore, your anticipated proportion will be 0.8.

rE Y ou probably do not have good estimates of current coverages. (That is exactly the reason
you are doing the survey!) However, even approximate information isadequate. When in
doubt, err toward 0.5 because estimates close to 0.5 require larger samples for a given
margin of error than either larger or smaller coverages.

S~ EXAMPLE:
If you think coverage is between 60 and 70 per cent, choose 0.6.

2. Decideon theacceptablemargin of error for your estimate. That is, decide how close
to the actual rate your estimate should be. For national goal monitoring, a reasonable margin of
error isplusor minus 5 percentage points,® but for subnational estimates you may be satisfied with
10 percentage points.

®In thistext, margins of error are expressed in terms of an absolute number of percentage points. For
example, acoverage estimated at 60 per cent with an error of plus or minus 5 percentage points means that
the actual coverage should lie between 55 and 65 per cent.
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> EXAMPLE:

Y ou may want to estimate BCG coverage within plusor minus 5 percentage points.
Therefore, if your surveys finds a coverage of 82 per cent, the actual population
coverageislikely to be between 77 and 87 per cent.

The smaller the acceptable margin of error, the larger the sample size used in the survey
must be.

Y ou must ensure that your sampleis large enough to achieve the absolute margin of error

that you require. For national goal monitoring, margins of error of, say, 15 percentage points or
greater are probably too wide to be of any use. But you must also balance the need for precision
against the costs involved in doing a very extensive survey.

S~ EXAMPLE:

If you want to estimate BCG coverage with an error of plus or minus 1 percentage
point, you would require over 10,000 children aged 12-23 months. This would
imply visiting 70,000 househol dsin atypical devel oping country, atask which most
countries would not dare to attempt.

3. Choose an appropriate design effect. When cluster sampling is used, respondents are

not chosen completely independently of the other respondents in the same neighborhood.

~ EXAMPLE:

If children within acluster arelike each other with regard to their vaccine status, we
say they are"homogeneous.” Thismeansthat if onegiven child hasbeen vaccinated
itislikely that his or her neighbors will also have been vaccinated. Homogeneity
also appliesto unvaccinated children: other children in the same cluster will also be
likely to be unvaccinated.

If children are more homogeneous (or alike) within a cluster than in thewhole population, it will
resultin alarger sampling error than if the same children had been obtained through astrict random
sample—that is, if they had been selected completely independently of each other.

> EXAMPLE:

A sample of 1,000 children obtained through cluster sasmpling would lead to aless
precise coverage estimate than another sample of 1,000 children chosen through
simple random sampling.

Some indicatorswill be more affected by clustering than others. VVaccine coverage may be

affected because of distance from health centers and by local immunization campaigns.
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Homogeneity isparticularly severefor indicatorsof incidenceof infectiousdiseases such asmeasles
(which is spread from child to child) as well as variables related to water and sanitation (since
neighbors often share the same sources of water and sanitation facilities).

The mathematical expression of this clustering is called the design effect. It depends both
on the degree of similarity among children within a cluster and on the size of the clusters. Other
things being equal, large clusters will lead to a greater design effect than small ones.

Since sample size calculations are usually based on simple random samples, the size of the
sample must be increased to compensate for a large design effect. Using experience from other
cluster surveys, we usualy allow for adesign effect of 2.0 for most variables, which requires usto
double the sample size in comparison with a smple random sample. For water and sanitation
variables, we have used a design effect of 10.

' It is very hard to predict what your design effect will be before carrying out the study.
Unless you have good reason to the contrary, use the figures suggested above. After your
survey isfinished, you can calculate the design effect (see chapter 7) and useit to calculate
your actual margin of error.

4. Calculate the sample size using the for mula:

sample size = 4 x proportion x (1 proportion) x design effect
margin of error x margin error

~ EXAMPLE:
Using thisformula, and the values given in the examples above for BCG coverage,
where:

proportion = 0.8 (that is, 80 per cent)
design effect = 2
margin of error = 0.05 (x5 percentage points)

we have:
4x08x(1-0.8)x2_
(0.05 x 0.05)

So the sampl e size should be 512 children aged 12-23 months. That is, to obtain an estimate
with amargin of error of plusor minusfive percentage points (a95 per cent chance that the
trueratefallswithin 75 per cent and 85 per cent), you should interview mothersof 512 one-
year-old children.

sample size 512

These calculations must be repeated for each of the indicators being measured in the survey. This
can be done with the help of a spreadsheet program (see Box 4.1, beginning on page 4.14).
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5. Estimate the number of households you must visit. The above formula and the

spreadsheet provide the number of members of the target population required for measuring the
indicator. Note that the target populations vary according to each indicator—for example, children
aged 12-23 months for vaccine coverage, children with recent diarrhoea for oral rehydration
therapy (ORT) use rate, households for water and sanitation, and so on—so that a common
denominator is necessary.

=

By calculating the number of householdsthat you must visit to find the required number in
thetarget popul ation, the sample size requirementsfor all indicators may be compared. The
largest required number of househol ds should then be chosen. Thisguaranteesthat all other
indicators will aso be measured with equal or smaller margins of error.

To estimate the number of households required for finding agiven number of children, you

must know the average household size and the proportion of children in the population. Note that
the larger the households and the greater the birth rate, the fewer households you will haveto visit
to find a sufficient number of children in any age range.

S~ EXAMPLE:

If theaverage household sizeissix persons, and 3 per cent of the populationismade
up of children aged 12-23 months, in order to find 512 children in this age range
you must visit 512 + (6 x 0.03) = 2,844 households.

Check the last available census to find out the average household size and the proportion
of children under 5 years of age in the population. If you do not have such data, typical
figures are six persons per household and 3 per cent of the population being children in each
one-year age group (e.g., aged D months, 1223 months, etc.), so that 15 per cent of the
population will consist of under-fives. You may also use 25 per cent as the frequency of
diarrhoea in the preceding two weeks. Table 4.1 provides guidance on estimating the
number of households for measuring the mid-decade goal indicators.

6. Allow for possible losses. In all  S——————————

surveys, some of the planned interviews fail toadd at least 10 per cent to your estimated

take place because people are absent from sample size to allow for losses.

their homes and because of refusals. Straite (N —— e ———————————————

for minimizing these losses are discussed in chapter 6. When calculating the sample size, however,
it is wise to add to the sample the expected proportion of losses. These may vary widely from
country to country, and from urban to rural areas, particularly where maternal work outside the
home is common. You must estimate what this proportion is from previous surveys in the country.



CHOOSING THE SAMPLE 413

S~ EXAMPLE:
If your estimated sampleis 2,844 households, add about 10 per cent and try to reach
3,100 households.

Table 4.1. Typical numbers of households to be visited for finding, on average, one

individual belonging to the target Eogulation for each mid-decade goal indicator

Number of
Per cent of households to be
whole visited to find one
Indicator Target population population® individual®
TT2 coverage Mothers of children 0-11 3% 5.56
months
Other vaccine coverages Children 12—23 months 3% 5.56
Vitamin A coverage Children 0-23 months 6% 2.78
lodized salt consumption Households — 1.00
Per cent with low weight or
height for age Children 0-59 months 15% 1.11
Use of ORT in diarrhoea Children 0-59 months 4% 4.17
with diarrhoea in the (25% of 15%)
previous two weeks
School enroliment Children 5-9 years 15% 111
Water and sanitation Whole population 100% 0.17

#Typical estimates for less developed countries.
PAssuming six individuals per household.

The discussion on sample-size estimation is followed below by three specific instances of
sample sizes. for estimating trends (Box 4.2), for subnational analyses (Box 4.3) and for
subgroup—for example, gender-specific—indicators (Box 4.4).

SUMMARY OF SAMPLE-SIZE CALCULATIONS

Based on a number of simulations using data from different countries, measur-
ing Mid-Decade Goals (MDGs) with a precision of 5 percentage points will
require a sample of about 4,000-5,000 households.

The total population of your country is not important for defining the sample
size.
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Box 4.1
SAMPLE SIZE ESTIMATES FOR MEASURING MID-DECADE GOALS

Instructions for using the Spreadsheet SAMPGOAL.WK1

Data Entry

Please follow these steps to enter your data:

1. Run Lotus or Quattro-Pro (or any common spreadsheet program) and open the
SAMPGOAL.WK1 file.

2. Enter data in the highlighted cells only. Note that all percentages or proportions should
be entered as decimals (e.g., 15% should be entered as 0.15).

3. Provide country-specific data on the following basic assumptions:

Cells C4 and D4. These are the estimated design effects due to the use of cluster
sampling. The program defaults are 2 for most variables and 10 for the water/sanitation
indicators (since the latter are likely to be more affected by clustering). Unless you have
local information on these, please leave them as they are.

Cell C5. Average number of persons per household, obtained from local census or
survey.

Cell C6. Per cent of the population under 5 years of age, also from local census or
survey.

Cell C7. Prevalence of diarrhoea in the preceding 15 days among children under 5 years
of age. Obtain this number from previous studies in the country. If you do not have any
data, use the default value of 0.25.

4. Provide the data on the estimated coverage level for each goal indicator in cells D12
through D24. You may change the indicators (columns A and B), but please make sure
that they refer to the same target population (column C) or you are likely to get wrong
results.

5. Enter the margin of error you are prepared to accept in cells E12 through E24. This
should be expressed as percentage points.

Results

The spreadsheet calculates the target sample (in column F)—for example, the number of
children aged 12-23 months required to measure each indicator. It also uses the
information provided in the top section of the spreadsheet to calculate how many
households you will have to visit (column G) to find the required number of persons in the
target sample. Finally, it picks the largest of these numbers of households to be the
required sample size (cell G26).

Perhaps the most useful application of this spreadsheet is to perform repeated simulations,
changing the parameters in order to observe the effect on sample size. In particular, small
changes in the margin of error may have important effects on the required sample.

The following table shows an example of the spreadsheet.
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Box 4.1 (continued)
Sample Size Calculations for Measuring Mid-Decade Goals
Basic Assumptions Low High
Design effect 2 10
Persons per household 6
Pct of population <5 years 0.15
Prevalence of diarrhoea 15 days 0.25
Margi | Required Required
Target Estimated n target number of
Goal Indicator population | prevalenc of sample [ households
e error
1.1 | DPT3 coverage 12-23 mos 0.7 0.05 672 3,733
1.2 | Measles coverage 12—-23 mos 0.4 0.05 768 4,267
1.3 [ OPV3 coverage 12-23 mos 0.5 0.05 800 4,444
1.4 | BCG coverage 12—-23 mos 0.8 0.05 512 2,844
1.6 | TT2 coverage (pregnancy) 0-11 mos 0.3 0.05 672 3,733
5.1 | Vitamin A coverage 0-23 mos 0.3 0.05 672 1,867
6.1 | lodized salt consumption Households 0.2 0.05 512 512
7.1 | Use of ORT(1) in diarrhoea Diarrhoea 0.4 0.05 768 3,413
<5 yrs
7.2 | Use of ORT(2) in diarrhoea| Diarrhoea 0.5 0.05 800 3,556
<5 yrs
11.1 | Percent low weight/age All <5 yrs 0.4 0.05 768 853
12.4 | School enrolment 5-9 yrs 0.7 0.05 672 747
13.1 | Safe water Population 0.6 0.05 3840 640
13.2 | Sanitation Population 0.2 0.05 2560 427
Required number of households 4,444
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Box 4.2
SAMPLE SIZE CALCULATIONS FOR MEASURING TRENDS

The foregoing discussion refers to sample size calculations necessary for estimating a
proportion within a given precision. Such calculations are adequate for many Mid-
Decade and Year 2000 goals, such as reaching 80 per cent immunization and ORT
use rates. Some of the goals, however, are expressed as expected reductions, such as
decreasing the prevalence of malnutrition by 20 per cent between 1990 and 1995, or
closing the education gap by one-third in the same five-year period. This assessment
requires at least two surveys at different points in time. Since many countries do not
have reliable data for 1990, they will not be able to measure these goals.

The sample size calculations for measuring such trends are somewhat more complex
and are not be discussed in detail. There are two useful rules of thumb, however:

= |f your two samples are completely unrelated (e.qg., different clusters are used in the
two surveys) and if your estimate has an error of plus or minus five percentage
points, then the smallest trend difference you should be able to detect would be
seven percentage points, or 1.4 times greater than your original margin of error.

= |f you use the same clusters in both surveys, your precision improves and you
should be able to measure a change of the same size (for example, five percentage
points) as your margin of error.*

Using the same clusters in repeated surveys has advantages and disadvantages. In
addition to reducing sample size, it simplifies field work because the areas will already
have been mapped in the first survey. On the negative side, surveys may include
educational messages or raise the community’s awareness of health problems and
therefore might lead to changes in health behavior (known as the “Hawthorne effect”).
Subsequent surveys in the same areas may, therefore, be misleading because these
communities may no longer be representative of the country. When considering
repeated surveys, each country should weigh these advantages and disadvantages.

*Technical note: This assumes a correlation of 0.5 between the cluster-specific estimates in the
first and second surveys.
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Box 4.3
SAMPLE SIZES FOR SUBNATIONAL ESTIMATES

Thus far, we have been concerned with sample sizes necessary for generating national
estimates of indicators for the Mid-Decade Goals. Several of these indicators are based on
specific (and often small) population subgroups such as children aged 12—23 months, or
children who recently had diarrhoea. Most countries, however, will also want to use the
surveys to provide subnational estimates—for example, at the level of regions, states,
provinces or districts. These data may be used for detecting areas where greater efforts are
required, as well as for programming and evaluation purposes.

The most limiting factors affecting national sample size are that immunization is based
solely on children aged 12-23 months and that ORT use refers to children with diarrhoea in
the preceding two weeks.

A possible solution is to report on indicators at subnational levels for all under-fives (or
children aged 12-59 months for immunization)* as well as to accept a margin of error of
plus or minus 10 percentage points. This would reduce the required sample sizes at
subnational levels to about 300 households per district/region. A separate version of the
spreadsheet, named DISTRICT.WK1, is provided for these district-level calculations.

With 300 households, ORT use would still not be measured properly. Two options are:

1. Extend the 15-day recall period to one month, thus raising the percentage of under-
fives with diarrhoea from about 25 per cent to about 40 per cent in a “typical” district.
This might lead to some bias due to selective recall of more severe episodes, which
tend to be more intensively treated, but it should not affect the ranking of the
districts. Even with one-month recall, you would still need 500-600 households per
district for a margin of error of 10 percentage points, which will require changing the
first question in the diarrhoea module to refer to the last month. An extra question
will be required for separating episodes starting up to 15 days before the interview
(for reporting on national Mid-Decade Goals) from the remainder.

2. A second option is to ask local health planners to group districts which they believe
have similar ORT use rates and to analyse the data at this multi-district level.

By expanding the target populations for mid-decade goal indicators, you will be able to
produce locally useful information for programming at low cost, and yet be able to report
nationally on the narrow subgroups required.

*Widening the age groups may lead to some loss of validity in selected indicators due to
poor recall, but this possible bias is likely to be small from the health planner's point of view.
Also, this bias might be expected to operate uniformly in all districts so that ranking of areas
for prioritizing interventions would not be affected.
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Box 4.4
SAMPLE SIZES FOR SUBGROUP ANALYSES

Subgroup analyses may include breakdowns of the indicators by gender, socioeconomic group and
so forth. Indicators based on subgroups will be less precise than those calculated for the whole
sample.

The smaller the subgroup, the less precise the estimate.

The examples below show how the margins of error increase for smaller subgroups. Based on an
overall sample with a margin of error of plus or minus five percentage point for a given indicator,*
one would have:

= A margin of error of approximately £6.3 percentage points for gender-specific indicators (given
50 per cent boys and 50 per cent girls in the sample).

= A margin of error of approximately +8.6 percentage points for a subgroup making up 20 per
cent of the sample (for example, a given socioeconomic category).

These results show that if the overall margin of error is about five percentage points,
reasonably precise results will also be obtained for gender-specific indicators as well as
for other subgroups making up 20 per cent or more of the whole sample.

*Technical note: Based on estimating a coverage of 50 per cent and a design effect of 2.0. Also
assumes that the coverage in each subgroup will be close to 50 per cent.

Decide on the Total Number of Clusters

A basic consideration in deciding the size of your clustersisto estimate the number of households
which can be covered in one day by your team of interviewers. Y ou do not want your field workers
to spend more than aday in agiven cluster, nor do you want them to finish their interviews at, say,
3 P.M. and have no further work to do for the rest of the day.

~ EXAMPLE:

L et usassumethat your interview takes 10 minutesfor each child under 5 yearsand

3 minutes for children aged 5-9 years (education module only), plus 5 minutes for

the household questions. A typical household will include onechildin each of these

groups (see Table4.1) and thereforelast 18 minutes. Allow 5 more minutesto move

from house to house. Considering a6-hour working day (to allow for transportation

to and from the selected areaand for amidday break), oneinterviewer would cover

about 15 households a day [(6 hours x 60 minutes) + 23 minutes]. A two-inter-
viewer team will cover 30 households a day, which then becomes the cluster size.

L= You should do a pre-test to estimate how long each interview takes. Field workers should
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bewell familiar with the questionnaire before the pre-test since training greatly reducesthe
duration of the interview. Dueto distance, field work in rural areasis always much slower
than in urban areas.

Typical cluster sizesrangefrom 20to 40 households. Do not useacluster greater than
100 households. It is always better to use more small clustersthan fewer, larger clusters.
The number of clustersis given by the formula:

Number of clusters = Jotal number of households in sample
cluster size

~ EXAMPLE:

Assuming that the interviewing team can cope with 30 households in a day, and
aiming at a national sample of 4,500 households, you would need 4,500/30 = 150
clusters.

Most national sampleswill include 100 or more clusters. For subnational estimates,
try to have 15 to 20 clusters in each province, state or district. If in doubt, increase the
number of clustersto be sampled.

Usea Flow Chart to Choose Your Sampling Scheme

When choosing a sampling scheme, it is desirable to aim at the most accurate and least biased
sample. However, this choice is also affected by the availability of population data for building a
sampling frame. Finally, time, feasibility and cost considerations also play amajor role.

A large number of combinations of —ET——

different types of sampling may be used to  Unless the survey can be finished within a
produce a multi-stage sample for a multiple- few months at reasonable cost,

indicator survey. Theflow chartin Figure4.1 't cannot be used for goal monitoring and
. subnational planning.

(seepage 4.21) showsthe decisionsthathave ______ —  ~

to be made. This example refers to a three-

stage sample in which large areas are selected first; the second stage includes selection of small

areaswithin the large areas; and the third stage consists of the selection of households within each

of thesmall areas. Thefinal alternatives, labeled A to D inthe bottom right corner of theflow chart,

are ranked in order of preference.

u In order to design the sampling scheme, you will need the help of professionals who are
familiar with the types of population data available in the country (such as census bureau
officersor demographers), aswell assampling experts. If thelatter are not availablelocally,
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international help will have to be arranged.

The ample experience with EPI surveysin the 1980s showed that a survey does not
havetobeperfect to produceusabledata. Survey methodshaveto besufficiently good for the
purposes for which the resultswill be used.

How to Select the Large Areas

Thefirstitem on theflow chart iswhether recent dataare avail able on the popul ation of large areas.
These may be administrative divisions such as states or provinces, districts, municipalities and so
on. Large areas will typically have populations ranging from several thousandsto millions. To use
probability sampling, it is necessary to have appropriate data on the population of these large
areas—that is, a sampling frame. Y ou have several options (in order of accuracy):

1. You can go to arecent census (say, within the last 5-10 years).

2. A recent Demographic and Health Survey (DHS) or other national household survey is
another option. Although these do not usually provide popul ation dataper se, the national sampling
frames have to be updated before they are carried out.

3. If no recent census or sampling frame is available but population growth since the last
census has been fairly uniform throughout the country, population data from the existing census
may be used.

4. If there is no recent census or other sampling frame and population growth has been
variable (dueto migration or disasters, for example), you should try to estimateregional population
changesby consulting withlocal experts, including demographers, plannersor workersat statistical
bureaus.

Although you should attempt to have the best possible sampling frame, it does not
have to be completely accurate. Later stages of the sampling scheme may help
correct some of the inaccuracies in your frame.

Options 1 through 3 above provide data for using alarge-area population to carry out the
first stage of sampling procedure. Option 4, if completed successfully, will also alow it.
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Figure 4.1. Flowchart for selecting the
sampling scheme.

FIGURE MISSING
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Once the sampling frame is available, you can achieve sampling at the first stage through
stratification, through probability proportional to size (PPS) or with acombination of thetwo. This
stage may also be subdivided into two or more substages.

S ExAMPLE (1):
Suppose you want separate estimates for each province in the country. Y ou would
stratify the country into its provinces and take equal-sized samplesin each to obtain
estimates at the provincial level. For estimating the indicators at the national level,
it would be necessary to weight the provincial results according to the population
in each province.

> EXAMPLE (2):

Suppose that you cannot afford to obtain separate estimates for each province, but
that your country isdivided into three broadly similar regions, the capital (with 30
per cent of the population), the coastal provinces (with 50 per cent) and theinterior
provinces (with 20 per cent). Y ou might then select equal-sized samples in each
regioninorder to obtain regional estimates. By later weighting theresultsaccording
to the population, you would produce the national estimates.

In a few countries, particularly those under emergency situations, none of the options
presented above for obtaining asampling frame may be available (seeflow chart). One should then
work with local informants to stratify the country into broad categories of large areas. This
approach does not provideastrict probabilistic sample dueto thelack of population data. However,
if no proper sampling frameisavailable, thisoption may at |east provide approximate information
on the levels of indicators.

S~ EXAMPLE:

Following the example above, the country may be divided into the capital, the
coastal region and theinterior region, and equal-sized samplestaken in each region.
Unlike the last example, it would not be possible to weight the results since you
would not know the population in each stratum.

Having chosen the large areas, the next step isto select small aress.

How to Select the Small Areas

The second questionintheflow chart refersto small areas. These areasinclude censusenumeration
tractsor small administrative unitssuch ascommunities, villagesor submunicipal units. Small areas
will typically havelessthan 1,000 households. Dataon population and boundary mapsare required
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if one isto use probability sampling at this stage. The chart assumes that if population data are
available, boundary maps will also be present.

If arecent censuswas carried out, dataon enumeration tracts should be available. However,
these may not be readily accessible to the researchers. If available, enumeration tracts have the
advantages of (1) dividing the population into mutually exclusive tracts so that each household is
assigned to one and only one tract, and (2) being usually of uniform size since they are often
defined as the area that one enumerator can cover.

Onealternativeto using enumeration tractsisto usesmall local administrative units, solong
asthese include all of the population and there is no overlap between different units.

Onceinformationabout thepopulation — ——

of small areashas been obtained, these may be If using villages as sampling units, you
sampled with PPS. The table exemplifying should ensure that every scattered rural
PPS selectionin the section aboveshowshow ~ household belongs to a given village.

villages are drawn from a district. S EEEEEEE——
If census enumeration areas are used and they are roughly of the same size, you may use
simplerandom samplinginstead of PPS, since every househol d woul d have approximately the same
probability of being selected.
If, following the flow chart, you find that data on small areas are not available, you should
work with local informants to divide the large area into broad groupings of small areas, and then

sample randomly from within each grouping.

S~ EXAMPLE:

Let us suppose that the large area (district) has one city as well as towns, villages
and scattered rural households. Let us also suppose that there are highland and
lowland populations. Strata would be created according to these characteristics, if
possible, with rough popul ation estimates. Thelocal informantswoul d then attempt
to make a complete listing of the names of all areas (e.g., towns, villages or rural
neighborhoods) in each stratum. A number of small areas—based on the crude
population estimates—would then be randomly selected in every stratum.

As noted above, the use of key informants does not provide a strict probabilistic sample but may
be the only alternative under some circumstances.

Having selected the small areas, it is then necessary to choose the clusters containing the
households to be visited.

How to Select the Clusters

Most small areaswill include several times more househol ds than our chosen cluster size. It isthen
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necessary to sample households within these areas. The flow chart shows that there are four basic
ways of doing this: enumeration (option A in the flow chart), segmentation (option B), or the EPI
random walk method (further subdivided into options C and D). The man advantages and
disadvantages of these methods are summarised in Table 4.2.

When choosing a method, you should consider its advantages and disadvantages, as well
as local limitations, including availability of maps and population information, time and cost

considerations, geographical characteristics and type of field personnel available.

Table 4.2. Some advantages and disadvantages of the main methods of selecting
households within a small area

Method of
selection

Advantages

Disadvantages

Enumeration

Segmentation

Random walk

« Strict probability sample.

« Adjusts for changes in population.
» Does not use contiguous house-
holds and thus is closer to simple
random sample.

« Strict probability sample.

* Adjusts for changes in population.
« Saves time by using contiguous
households.

« Saves time by using contiguous
households.

* Does not require mapping.

« Widely known and used in many
countries by non-experts.

« Particularly adequate for dispersed
populations and large tracts.

« May produce unbiased sample.

« Needs listing and mapping every
household.

* Households are not contiguous so
that field work takes longer.

» Houses must be identified precisely.

* Needs extra time for sketch mapping.
* Use of contiguous households may
affect sample homogeneity.

« Supervisors need thorough training
for sketch mapping and segmenting the
area.

« Not a strict probability sample.

» Does not account for changes in pop-
ulation.

« Use of contiguous households may
affect sample homogeneity.

* Requires thorough training of inter-
viewers for locating houses and close
supervision.

Enumeration. Enumeration consists of mapping and listing all households in the small area and
then taking a sample, usually a systematic one. Thisis the method of choice for countries where
listings and maps are available (for example, at health facilities). However, in the context of stand-
alone multiple-indicator surveys, we do not recommend this method unless current household
listings are available, because of the time required for the initial step of listing and mapping
households (see Table 4.2). A "current” household listing should not be more than two years ol d.
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Segmentation. The flow chart shows that the next option is segmentation. Note that, even if
population data are not available but boundary maps are, segmentation may still be used.
Segmentation requires driving or walking through the whole extent of the small area and
making an approximate map with thelocation of the households. Thismap doesnot haveto befully
accurate nor isthere aneed to have acompletelisting of all households. The map, however, should
cover the whole of the small area and the segments should be mutually exclusive.
After sketch mapping, theareaisdividedinto approximately equal-sized segments. Thesize
of each segment is given by the formula below:
actual number of households in area x desired cluster size
estimated number of households in area

segment size =

~ EXAMPLE:

Y our estimate from the past censustells you that there should be 510 householdsin
the area. Since you want clusters of, on average, 40 households, the area should be
divided into 12.75 segments (or 13 in round numbers). Y our sketch map showsthat
the number of households sincethe censushasincreased to 600. Dividethe areainto
13 equal-sized segments with 46 househol ds (rounded from 46.15) each. Select one
of these at random and include all householdsin your sample.

Sinceit provides automati C adl] LSt nm et
for inaccuracies in the sampling frame and A major advantage of the enumeration and
also because it is a strict probability sample, segm_entation methods_ is that they correct
segmentation should be used whenever it is for |naccuratc:;zwg:rlggsframes for the
feasible to visit the whole selected area, o o
draw the sketch maps and to segment the area
prior to datacollection. Feasibility considerations should includetime, costs, geographical sizeand
availability of experienced supervisory personnel—for example, from a department of statisticsor
census bureau. Chapter 6 describesin detail the steps required for segmentation.

Random Walk Methods. The random walk methods are based on the original EPI cluster survey
method. These methods do not produce strict probability samples, but in many circumstances may
provide virtually unbiased samples of households. They are also very feasible and rapid, and in
some countries may constitute the only viable alternative.

Even when maps of the small areas are available, it may not be feasible to sketch-map the
households. This may occur when the sampling units at this stage (for example, census tracts or
villages) cover large geographical areas and/or when househol ds are dispersed throughout the area.
Under such circumstances, the mapping exercise could be very time-consuming. Y ou would then
select option C, by randomly choosing one of several starting pointson the boundary map and using
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that point to start the random walk. This method is further described in chapter 6.

If thereareno boundary maps, anumber of adaptationsof the EPI random walk method may
be used (option D). The original method and its limitations are discussed in Box 4.5, and chapter
6 presents a modified version of the method which overcomes some of these problems. T h e
advantage of option C, compared with option D, isthat you can use an available boundary map to
allocate starting pointswithin thewhole small area. In option D, no mapsare available, so you must
resort to aternative ways of finding a starting point, which are described in Box 4.5 aswell asin
chapter 6.

COUNTRY EXAMPLES

Experience conducting multiple-indicator surveys in three countries—Bangladesh, Brazil and
Jordan—is described in the following sections.

Bangladesh

Nationwide multiple-indicator surveys were carried out in Bangladesh in 1992, 1993 and 1994.
These surveys were aimed at providing national data on mid-decade goal indicators as well as
district-level datafor programmatic purposes. Based on the sampling frame from the 1991 Census,
the country was divided into 75 strata (or large areas): the rural areas of 64 districts and 11 urban
domainsincluding the four large metropolitan areas—two of which were further divided into Slum
and non-slum strata—and samples of other urban areas.

In each large area, al unions (administrative units of 3,000-4,000 households) were listed
following ageographical order, and 13 were selected with PPS. For each selected union, all mouzas
(inrural areas) or mahallahs (in urban areas) werelisted. Mouzas and mahallahs are administrative
subdivisions, each consisting of about 250-300 households; they are referred to as "small areas’
throughout this Bangladesh survey description.

After thelisting, one small areawas selected in each union, again using PPS. Therefore, 13
small areas were chosen in each district or urban domain. In each of these 13 areas, the
segmentation method was used. Most areas already had updated maps showing all households
which had been drawn by health workers, so that sketch mapping was necessary in only a few
instances. Each segment contained, on average, 40 househol ds. One segment wasrandomly selected
in each small area and al its households were included in the sample. Each district, therefore,
included, on average, 520 households (13 x 40). This was sufficient for estimating all mid-decade
goal indicators with margins of error of 10 percentage points or less.

Data from the different rural and urban samples were weighted to provide national estimates
of the indicators. Since the national sample comprised 39,000 households (520 x 75), its margin
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of error wasmuch smaller than that of five percentage pointsusedintheexamplesabove. Thislarge
sample resulted from the great number of districts in the country and from the need for district-
specific data. Most countries will require much smaller samples, as noted above in the section on
sample size.

Another exception in the Bangladesh surveys is the use of 13 clusters per district, while
above we recommended at least 20. This choice was based on practical considerations resulting
from the large number of districts and urban strata, as well as on the fact that these areas were
geographically small and that the characteristics of the population within each area appeared to be
reasonably uniform. The national sample included 975 clusters (13 x 75).

The Bangladesh example showshow it ispossibleto combinethe process of obtaining
national estimates for monitoring goals with the generation of district-level data for
programming pur poses.

Brazil

Multiple-indicator surveys were carried out in several of states in Northeast Brazil in the early
1990s. They were aimed at measuring child health and nutrition indicators for monitoring and
programmatic purposes. The example that follows is based on the 1991 survey in the State of
Pernambuco, with a population of approximately seven million.

A sample of 1,000 children under five years of age was required for measuring indicators
with a margin of error of plus or minus three percentage points, using a design effect of 2.0. Based
on information on household size and the proportion of the population under the age of five years,
1,920 households had to be visited. Since the questionnaire was extensieng children under
the age of five as well as women aged4%years-and the households were often dispersed, the
cluster size was set at 12 households.

In the first stage of sampling, all municipalities ("large areas") were listed by starting with
the capital city and following a geographical order. Using PPS, 20 numbers were selected. Since
the capital city included 15 per cent of the population, it was selected three times (.15 x 20).

In the second sampling stage, eight census enumeration areas ("small areas") were chosen
in each selected municipality through simple random sampling, totalling 160 clusters (20 x 8) for
the state. In the capital, which had been selected three times, 24 enumeration areas (3 x 8) were
taken. Each enumeration area includes-300 households, and since their size is uniform there
was no need for PPS at this stage. These areas cover the whole municipality, including both urban
and rural households. Four to six arbitrary starting points were plotted on the maps of each
enumeration area and one of these was selected at random. Twelve households closest to this point
and belonging to the enumeration area were included in the sample.

Note that this sample was self-weighting, so that there was no need to weight the estimates.
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Box 4.5
THE STANDARD EPI CLUSTER SURVEY METHOD

In the standard EPI method, 30 villages were selected with PPS within a district. A
starting point was selected in a central location such as a health facility. A bottle was
spun at this central point and the interviewer then counted the number of households
until the edge of the village and selected one at random. This is the first household in
the sample. Subsequent households are selected by going to the house whose front
door is closest to that house which has just been visited, until seven children aged
12-23 months (the age range of interest for vaccine coverage) were reached. This
method is known at the “random walk.”

A number of concerns were raised relative to this method, including:

1. In most countries, rural populations are not neatly organised into villages with well-
defined edges or boundaries, but live in more or less scattered households.

2. The scheme may oversample households close to village centers which might not
be representative of the whole village. By moving from one household to the next
closest one, scattered rural households are likely to be underrepresented.

3. By stopping when reaching a fixed number of children (not households), the
method oversamples areas with few children (where many households had to be
visited for finding seven children) and underrepresents areas with many children
(where seven children were found within a few households).

4. Itis very difficult to ensure that field workers have followed the instructions
regarding the “random walk.”

5. The method of selection does not guarantee that every household has a known
probability of selection. Therefore, it is not a strict probability sample. This is a
somewhat technical point but it has caused concern among many statisticians
because, strictly speaking, you cannot calculate the margins of error of the
indicators.

These issues do not undermine the usefulness of the EPI-type survey for estimating
vaccine coverage for programmatic purposes, where a wider range of errors can be
tolerated. They show, however, that the method can be improved.

Jordan

A national survey for assessing immunization coverage, diarrhoeamanagement and infant mortality
was carried out in Jordan in 1991 following the EPI cluster survey methodology. A sample of
12,600 householdswasrequired for estimating cause-specificinfant mortality. Notethat thissample
is considerably larger than that usually required for estimating vaccine or ORT coverage, but
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mortality studies often require visiting many households for identifying a sufficient number of
deaths.

In thefirst stage of sampling, the Kingdom was divided into its seven governorates. Since
separate estimates were desired for each of these, the standard EPI sample of 30 clusters per
governorate was adopted. Each cluster included 60 households, which ensured that the national
sample would be of the required size (30 x 60 x 7 = 12,600). The use of fixed samples in all
governorates, independently of their population, required later weighting in the analysis.

Within each governorate, multi-stage sampling was used. First, localities were stratified into
nine groups according to population size, and a number of clusters was allocated to each stratum
based on its total population. The required number ofit@sawas then selected withemach
stratum with PPS. Next, blocks were chosen within each selected locality and, finally, households
were selected within each of these blocks.
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