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1 DEMOGRAPHIC AND HEALTH SURVEYS SAMPLING POLICY

1.1 General principles

Scientific sample surveys are cost-efficient and reliable ways to collect population-level
information such as social, demographic and health data. The MEASURE DHS project is a worldwide
project implemented across various countries and at multiple points in time within a country. In order
to achieve comparability, consistency and the best quality in survey results, sampling activities in
the Demographic and Health Surveys (DHS) should be guided by a number of general principles. This
manual presents general guidelines on sampling for DHS surveys, although modifications may be
required for country-specific situations. The key principles of DHS sampling include:

e Use of an existing sampling frame

e Full coverage of the target population

e Probability sampling

e Using a suitable sample size

e Using the most simple design possible

e Conducting a household listing and pre-selection of households
e Providing good sample documentation

¢ Maintaining confidentiality of individual’s information

¢ Implementing the sample exactly as designed

1.1.1 Existing sampling frame

A probability sample can only be drawn from an existing sampling frame which is a complete
list of statistical units covering the target population. Since the construction of a new sampling frame
is likely to be too expensive, DHS surveys should use an adequate pre-existing sampling frame which
is officially recognized. This is possible for most of the countries where there has been a population
census in recent years. Census frames are generally the best available sampling frame in terms of
coverage, cartographic materials and organization. However, an evaluation of the quality and the
accessibility of the frame should be considered during the development of the survey design, and a
detailed study of the sampling frame is necessary before drawing the sample. In the absence of a
census frame, a DHS survey can use an alternative sampling frame, such as a complete list of villages
or communities in the country with all necessary identification information including a measure of
population size (e.g. number of households), or a master sample which is large enough to support the
DHS design.

1.1.2 Full coverage

A DHS survey should cover 100 percent of the target population in the country. The target
population for the DHS survey is all women age 15-49 and children under five years of age living in
residential households. Most surveys also include all men age 15-59!. The target population may vary
from country to country or from survey to survey, but the general sampling principles are the same.
In some cases, exclusion of some areas may be necessary because of extreme inaccessibility, violence
or instability, but these issues need to be considered at the very beginning of the survey, before the
sample is drawn.

! The age range varies from survey to survey and may be 15-49, 15-54, 15-59 or 15-64.

11
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1.1.3 Probability sampling

A scientific probability sampling methodology must be used in DHS surveys. A probability
sample is defined as one in which the units are selected randomly with known and nonzero
probabilities. This is the only way to obtain unbiased estimation and to be able to evaluate the
sampling errors. The term probability sampling excludes purposive sampling, quota sampling, and
other uncontrolled non-probability methods because they cannot provide evaluation of precision
and/or confidence of survey findings.

1.1.4 Suitable sample size

Sample size is a key parameter for DHS surveys because it is directly related to survey
budget, data quality and survey precision. Theoretically, the larger the sample size, the better the
survey precision, but this is not always true in practice. Survey budget is not the only important factor
in determining the sample size. Desired precision, the number of domains, capability of the
implementing organization, data quality concerns and cost effectiveness are essential constraints in
determining the total sample size. Thus a suitable sample size is also a key parameter to guarantee
data quality.

1.1.5 Simple design

In large-scale surveys, non-sampling errors (coverage errors, errors committed in survey
implementation and data processing, etc.) are usually the most important sources of error and are
expensive to control and difficult to evaluate quantitatively. It is therefore important to minimize them
in survey implementation. In order to facilitate accurate implementation of the survey, the sampling
design for DHS should be as simple and straightforward as possible. Macro’s experience from 25 years
of DHS surveys shows that a two-stage household-based sample design is relatively easy to
implement and that quality can be maintained.

1.1.6 Household listing and pre-selection of households

The DHS standard procedure recommends that households be pre-selected in the central office
prior to the start of fieldwork rather than by teams in the field who may have pressures to bias the
selection. The interviewers are asked to interview only the pre-selected households. In order to
prevent bias, no changes or replacements are allowed in the field. To perform pre-selection of
households, a complete list of all residential households in each of the selected sample clusters is
necessary. This list is usually obtained from a household listing operation conducted before the main
survey.

In some surveys, the household listing operation may be combined with the main survey to
form a single field operation, and households can be selected in the field from a complete listing.
Combining the household listing and survey data collection in one field operation is less expensive;
however, it provides incentive to leave households off the household list to reduce workload, thus
reducing the representativeness of the survey results. Close supervision is needed during the field
work to prevent this problem. Separate listing and data collection operations are thus required for this
reason. Interviewers selecting households in the field without a complete listing is not acceptable for
DHS surveys.

1.1.7 Good sample documentation

DHS surveys are usually year-long projects conducted by different people specialized in
different aspects of survey implementation, so good sample documentation is necessary to guarantee
the exact implementation of the project. The sample documentation should include a sample design
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document and the list of primary sampling units. The sample design document should explain in detail
the methodology, the sampling procedure, the sample size, the sample allocation, the survey domains
and the stratification. This should also form the basis for an appendix to the DHS final report
describing the sample design. The sample list should include all identification information for all of the
selected sample points, along with their probability of selection.

1.1.8 Confidentiality

Confidentiality is a major concern in DHS, especially when human bio-markers are collected
such as blood samples for HIV testing. The DHS surveys are anonymous surveys which do not allow
any potential identification of any single household or individual in the data file. Confidentiality is also
a key factor affecting the response rate to sensitive questions regarding sexual activity and partners.

In particular, in surveys that include HIV testing DHS policy requires that PSU and household
codes are scrambled in the final data to further anonymize the data and the original sample list is
destroyed.

1.1.9 Exactness of survey implementation

Exactness of sample implementation is the last element in achieving good sampling precision.
No matter how carefully a survey is designed and how complete the materials for conducting sampling
activities are, if the implementation of the sampling activities by sampling staff (office staff
responsible for selecting sample units, field workers responsible for the mapping and household listing
and interviewers responsible for data collection) is not preformed exactly as designed, serious bias
and misleading results may occur.

In the sections that follow, DHS policies related to sample design and implementation are
described.

1.2 Survey objectives and target population

The main objective of DHS surveys is to collect up-to-date information on basic demographic
and health indicators, including housing characteristics, fertility, childhood mortality, contraceptive
knowledge and use, maternal and child health, nutritional status of mothers and children, knowledge,
attitudes and behavior toward HIV/AIDS and other sexually transmitted infections (STI), women’s
status. The target population for DHS is defined as all women of reproductive age (15-49 years old)
and their young children under five years of age living in ordinary residential households. However, in
some countries, the coverage may be restricted to ever-married women.

The main indicator topics include:

e Total fertility and age specific fertility rates

e Age at first sex, first birth, and first marriage
e Knowledge and use of contraception

e Unmet need for family planning

e Birth spacing

e Antenatal care

e Place of delivery

e Assistance from skilled personnel during delivery
¢ Knowledge of HIV/AIDS and other STIs

e Higher-risk sexual behavior

e Condom use

e Childhood vaccination coverage

13
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e Treatment of diarrhea, fever, and cough
e Infant and under-five mortality rates
e Nutritional status

Since the target population can be easily found in residential households, DHS is a household-
based survey.

1.3 Survey domain

In DHS surveys, an important objective is to compare the survey results for different
characteristics such as urban and rural residence, different administrative or geographic regions, or
different educational levels of respondents. A survey domain or study domain is a sub-population for
which separate estimation of the main indicators is required. There are two kinds of survey domains:
design domains and analysis domains. A design domain consists of a sub-population which can be
identified in the sampling frame and therefore can be handled independently in the sample size and
sampling procedures, usually consisting of geographic areas or administrative units. For example,
urban and rural differences are very frequently requested; therefore, urban and rural areas are usually
separate design domains for Demographic and Health Surveys. An analysis domain is a sub-population
which cannot be identified in the sampling frame, such as domains specified by individual
characteristics. These may include women with secondary or higher education, pregnant women,
children 12-23 months, and children having diarrhea in the two weeks preceding the survey.

In order for survey estimates to be reliable at the domain level, it is necessary to ensure that
the number of cases in each survey domain is sufficient, especially when desired levels of precision
are required for particular domains. For a design domain, adequate sample size is achieved by
allocating the target population at the survey design stage into the requested design domains, and
then calculating the sample size for the specific design domains by taking the precision required into
account. On the other hand, for an analysis domain, it is difficult to guarantee a specified precision
because it is difficult to control the sample size at the design stage. However, if prior estimates of the
average number of target individuals per household are available, then it is possible to control the
precision for an analysis domain. For example, if survey estimates are required for the nutritional
status of children under age 5 is required and estimates of the number of children under age 5 per
household are available, it is then possible to calculate a sample size to give a certain level of
precision.

DHS reports also produce some indicators for second level domains such as vaccination
coverage of children age 12-23 months within a region, where region is the first level domain, and
children 12-23 months is the second level domain. Caution must be paid to the precision required for
a second level domain because the second level domain usually includes a very small sub-population.

If domain-level estimates are required, it is better to avoid a large number of domains
because otherwise a very large sample size will be needed. The number of domains and the desired
level of precision for each must be taken into account in the budget calculation and assessment of the
implementation capabilities of the implementing organization. The total sample size needed is the sum
of sample sizes needed in all exclusive (first level) domains.

1.4 Sampling frame

A sampling frame is a complete list of all sampling units that entirely covers the target
population. The existence of a sampling frame allows a probability selection of sampling units. For a
multi-stage survey, a sampling frame should exist for each stage of selection. The sampling unit for
the first stage of selection is called the Primary Sampling Unit (PSU); the sampling unit for the second
stage of selection is called the Secondary Sampling Unit (SSU), and so on. In most cases, DHS
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surveys are two-stage surveys. Note that each stage of sample selection will involve sampling errors,
so it is better to avoid more than two stages if additional stages of selection are not necessary.

The availability of a suitable sampling frame is a major determinant of the feasibility of
conducting a DHS survey. This issue should be addressed in the earliest stages of planning for a
survey. A sampling frame for a DHS survey could be an existing sampling frame, an existing master
sample, or a sample of a previously executed survey of sufficiently large sample size, which allows for
the selection of subsamples of desired size for the DHS survey.

1.4.1 Conventional sampling frame

The best frame is the list of Enumeration Areas (EAs) from a recently completed population
census. An EA is usually a geographic area which groups a number of households together for
convenient counting purposes for the census. A complete list of EAs which covers the survey area
entirely is the most ideal frame for DHS surveys.

In most cases, a list of EAs from a recent census is available. This list should be thoroughly
evaluated before it is used. The sampling frame used for DHS should be as up-to-date as possible. It
should cover the whole survey area, without omission or overlap. Basic cartographic materials should
exist for each area unit or at least for groups of units with clearly defined boundaries. Each area unit
should have a unique identification code or a series of codes that, when combined, can serve as a
unique identification code. Each unit should have at least one measure of size estimate (population
and/or number of households). If other characteristics of the area units (e.g., socioeconomic level)
exist, they should be evaluated and retained as they may be used for stratification.

A pre-existing master sample (which is a random sample from the census frame) can be
accepted only where there is confidence in the master sample design, including detailed sampling
design parameters such as sampling method, stratification, and inclusion probability for the selected
primary sampling units. The task for the DHS survey is then to design a sub-sampling procedure,
which produces a sample in line with DHS requirements. This will not always be possible. However,
the larger the master sample is in relation to the desired DHS sub-sample, the more flexibility there
will be for developing a sub-sampling design. A key question with a pre-existing sample is whether the
listing of dwellings/households is still current or whether it needs to be updated. If updating is
required, use of a pre-existing sample may not be economical. The potential advantages of using a
pre-existing sample are: 1) economy, and 2) increased analytic power through comparative analysis
of two or more surveys. The disadvantages are: 1) the problem of adapting the sample to DHS
requirements, and 2) the problem of repeated interviews with the same household or person in
different surveys, resulting in respondent fatigue or contamination. One way to avoid this last problem
is to keep just the primary sampling units from the pre-existing sample and reselect the households
for the DHS survey.

1.4.2 Alternative sampling frames

When neither a census frame nor a master sample is available then alternative frames should
be considered. Examples of such frames are:

e A list of electoral zones with estimated number of qualified voters for each zone
e A gridded high resolution satellite map with estimated number of structures for each grid
e A list of administrative units such as villages with estimated population for each unit

A main concern when using alternative frames are coverage problems, that is, does the frame
completely cover the target population? Usually checking the quality of an alternative frame is more
difficult because of a lack of information either from the frame itself or from administrative sources.
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Another problem is the size of the primary sampling unit. Since the alternative frame is not specifically
created for a population census or household based survey, the size of the PSUs of such frames may
be too large or too small for a DHS survey. A third problem is identifying the boundaries of the
sampling units due to the lack of cartographic materials.

In the first two examples of alternative sampling frames, the standard DHS two-stage
sampling procedure can be applied by treating the electoral zones or the grids of satellite map as the
PSUs. In the third case, when a list of administrative units larger than villages (e.g. sub-districts,
wards or communes) is available, for example, a complete list of all communes in a country may be
easier to get than a complete list of villages, then it is necessary to use a selection procedure that
includes more than two stages. In the first stage, select a number of communes; in each of the
selected communes, construct a complete list of all villages residing in the commune; select one
village per commune as a DHS cluster, then proceed with the subsequent household listing and
selection as in a standard DHS. This procedure works best when the number of communes is large and
the commune size is small. A list of administrative units that are small in humber but large in size is
not suitable for a DHS sampling frame because this situation will result in large sampling errors, as
explained later in Section 1.9.

1.4.3 Evaluation of the sampling frame

No matter what kind of sampling frame will be used, it is always necessary to check the
quality of the frame before selecting the sample. Following are several things that need to be checked
when using a conventional sampling frame:

e Coverage

e Distribution

e Identification and coding
e Measure of size

o Consistency

There are several easy but useful ways to check the quality of a sampling frame. For example,
for a census frame, check the total population of the sampling frame and the population distribution
among urban and rural areas and among different regions/administrative units obtained from the
frame with that from the census report. Any important differences may indicate that there may be
coverage problems. If the frame provides information on population and households for each EA, then
the average number of household members can be calculated, and a check for extreme values can
help to find incorrect measures of size of the PSUs. If information on population by sex is available for
each EA, then a sex ratio can be calculated for each EA, and a check for extreme values can help to
identify non-residential EAs. If the EAs are associated with an identification (ID) code, then check the
ID codes to identify miscoded or misplaced EAs. A sampling frame with full coverage and of good
quality is the first element for a DHS survey; therefore, efforts should be made to guarantee a good
start for the project.

For a nationally representative survey, geographic coverage of the survey should include the
entire national territory unless there are strong reasons for excluding certain areas. If areas must be
excluded, they should constitute a coherent domain. A survey from which a number of scattered zones
have been excluded is difficult to interpret and to use.

1.5 Stratification

Stratification is the process by which the survey population is divided into subgroups or strata
that are as homogeneous as possible using certain criteria. Explicit stratification is the actual sorting
and separating of the units into specified strata. Within each stratum, the sample is designed and
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selected independently. It is also possible to systematically sample units from an ordered list (with a
fixed sampling interval between selected units) to achieve the effect of stratification. For example, in
DHS survey, it is not unusual for the PSUs within the explicit strata to be sorted geographically. This is
called implicit stratification.

The principal objective of stratification is to reduce sampling errors. In a stratified sample, the
sampling errors depend on the population variance existing within the strata but not between the
strata. For this reason, it pays to create strata with low internal variability (or high homogeneity).
Another major reason for stratification is that, where marked differences exist between subgroups of
the population (e.g., urban vs. rural areas), stratification allows for a flexible sample design that can
be different for each subgroup.

Stratification should be introduced only at the first stage of sampling. At the
dwelling/household selection stage, systematic sampling is used for convenience; however, no
attempt should be made to reorder the dwelling/household list before selection in the hope of
increasing the implicit stratification effect. Such efforts generally have a negligible effect.

Stratification can be single-level or multi-level. In single-level stratification, the population is
divided into strata according to certain criteria. In multi-level stratification, the population is divided
into first-level strata according to certain criteria, and then the first-level strata are subdivided into
second-level strata, and so on. A typical two-level stratification involves first stratifying the population
by region at the first level and then by urban-rural within each region. A DHS survey usually employs
multi-level stratification.

Strata should not be confused with survey domains. A survey domain is a population subgroup
for which separate survey estimates are desired (e.g., urban areas/rural areas). A stratum is a
subgroup of homogeneous units (e.g., subdivisions of an administrative region) in which the sample
may be designed differently and is selected separately. Survey domains and strata can be the same
but they need not be. For example, survey domains could be the first-level stratum in a multi-level
stratification. On the other hand, a survey domain could consist of one or several lower-level strata.

DHS surveys typically use explicit stratification by separating urban and rural residence within
each region. Where data are available, explicit stratification could also be done on the basis of socio-
economic zones or more directly relevant characteristics such as the level of female literacy or the
presence of health facilities in the areas. These kinds of information could be obtained from
administrative sources. Within each explicit stratum, the units can then be ordered according to
location, thus providing further implicit geographic stratification.

1.6 Sample size
1.6.1 Sample size and sampling errors

The estimates from a sample survey are affected by two types of errors: sampling errors and
non-sampling errors. Sampling errors are the representative errors due to sampling of a small number
of eligible units from the target population instead of including every eligible unit in the survey.
Sampling errors are related to the sample size and the variability among the sampling units. Sampling
errors can be statistically evaluated after the survey. Non-sampling errors result from problems during
data collection and data processing, such as failure to locate and interview the correct household,
misunderstanding of the questions on the part of either the interviewer or the respondent, and data
entry errors. Non-sampling errors are related to the capacity of the implementing organization, and
experience shows that (1) non-sampling errors are always the most important source of error in a
survey, and (2) it is difficult to evaluate the magnitude of non-sampling errors once a survey is
complete. Theoretically, with the same survey methodology and under the same survey conditions,
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the larger the sample size, the better the survey precision. However, this relationship does not always
hold true in practice, because non-sampling errors tend to increase with survey scale and sample size.
The challenge in deciding on the sample size for a survey is to balance the demands of analysis and
precision with the capacity of the implementing organization and the constraints of funding.

A common measure of precision for estimating an indicator is its relative standard error (RSE)
which is defined as its standard error (SE) divided by the estimated value of the indicator. The
standard error of an estimator is the representative error due to sampling. The relative standard error
describes the amount of sampling error relative to the indicator level and is independent of the scale
of the indicator to be estimated; therefore, a unique RSE can be applied to a reference indicator for all
domains. If a unique RSE is desired for all domains, the domain sample size depends on the variability
and the size of the domain. The total sample size is the sum of the sample sizes over all domains for
which desired precision are required. The following are some concepts related to sample size
calculation.

1. The standard error of an estimator when estimating a proportion with a simple random
sampling without replacement? is given by:

sE=sor L f N s pa-p)
n N-1
where n is the sample size (number of completed interviews),
P is the proportion,
N is the target population size, and

f=n/N is the sampling fraction.
When N is large and n is relatively small, the above quantity can be approximated by:
SE = SQRT(—P a-p )]
n
Therefore the RSE of the estimator is given by:

RSE(P) = SQRT(@J /P = SQRT(l/Z—_lj

2. For a required precision with a relative standard error a, the net sample size (number of
completed interviews) needed for a simple random sampling is given by:
oo (1/P-1)

aZ

3. Since a simple random sampling is not feasible for a DHS, the sample size for a complex
survey with clustering such as the DHS can be calculated by inflating the above calculated
sample size by using a design effect (Deft). Deft is a measure of efficiency of cluster sampling
compared to a direct simple random sampling of individuals, defined as the ratio between the
standard error using the given sample design and the standard error that would result if a
simple random sample had been used. A Deft value of 1.0 indicates that the sample design is

2 A simple random sample would be a random selection of individuals or households directly from the target
population. This is not feasible for DHS surveys because a list of all eligible individuals or households is not
available.
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as efficient as a simple random sample, while a value greater than 1.0 indicates the increase
in the sampling error due to the use of a more complex and less statistically efficient design.
The net sample size needed for a cluster sampling with same relative standard error is given

by:

n = Deft? x—(l/Pz_ 1)

o

The formula for calculating the final sample size in terms of the number of households while
taking non-response into account (the formula used in the templates for sample size
calculation as shown in Table 1.1) is given by:

1/P-1
n=Deft2><%/(R,><Rh><d)

where n is the sample size in households;
Deft is the design effect (a default value of 1.5 is used for Deft if not specified);
P is the estimated proportion;
a is the desired relative standard error;
R; is the individual response rate;
Ry is the household gross response rate; and
d is the number of eligible individuals per household.

The household gross response rate is the number of households interviewed over the number
selected. DHS reports typically report the net household response rate which is the number of
households interviewed over the number valid households found in the field (i.e. excluding
vacant and destroyed dwellings.)

If the target population is small (such as in a sub-national survey), a finite population
correction of the above calculated sample size should be applied. The final sample size n is
calculated by

nO
n=———>
1+n,/N

where ny is the initial sample size calculated in point number 4, and N is the target population
size.

The relationship between the RSE and the sample size shows that, if one reduces a desired
RSE to half, then the sample size needed will increase 4 times. For example, the sample size
for a RSE of 5% is 4 times larger than the sample size for a RSE of 10% (see Tables 1.1 and
1.2 in the next section). This means that it is very expensive to reduce the RSE by increasing
the sample size. Therefore, when designing the sample size, the efficiency of the design must
be considered, that is, the balance between the gain in precision and the increase in sample
size (or survey cost).

The width of the confidence interval is determined by the RSE. With a confidence level of 95%,
2*P*RSE is the half-length of the confidence interval for P. For example, for RSE=0.10 and
P=0.20, the half-length of the confidence interval is 0.04, which means the confidence interval
for P is (0.16, 0.24). (DHS reports +/-2*SE instead of +/-1.96*SE as 95% confidence interval
for conservative purposes).
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1.6.2 Sample size determination

The total sample size for a DHS survey with a number of survey domains (design domain) is
the sum of the sample sizes over all domains. An appropriate sample size for a survey domain is the
minimum number of persons (e.g., women age 15-49, currently married women 15-49, children under
age five) that achieves the desired survey precision for core indicators at the domain level. If funding
is tight and fixed, the sample size is the maximum number of persons that the funding can cover.
Precision at the national level is usually not a problem. In almost all cases, sample size is decided to
guarantee precision at domain level with appropriate allocation of the sample. So apart from survey
costs, the total sample size depends on the desired precision at domain level and the number of
domains. If a reasonable precision is required at domain level, experience from the MEASURE DHS
program shows that a minimum number of 800 completed interviews with women is necessary for
some of the woman-based indicators for high fertility countries (e.g. total fertility rate, contraceptive
prevalence rate, childhood mortality rates); for low fertility countries, the minimum domain sample
size can reach 1,000 completed interviews or more. Table 1.1 below illustrates the calculation of
sample size for a domain according to different levels of desired RSE for estimating the indicator “the
proportion of currently married women who are current users of a modern contraceptive method”.

Table 1.1 Sample size determination for estimating current use of
a modern contraceptive method among currently married women

Estimated proportion p 0.20 Total target population

Estimated design effect (Deft) 1.40 # of target individuals/HH 1.05

Individual response rate 0.96 HH gross response rate 0.92

Desired Net Sample Sample size Expected 95% confidence limits

RSE size individual | Household SE Lower Upper
0.20 196 212 0.040 0.120 0.280
0.19 217 234 0.038 0.124 0.276
0.18 242 261 0.036 0.128 0.272
0.17 271 293 0.034 0.132 0.268
0.16 306 330 0.032 0.136 0.264
0.15 348 376 0.030 0.140 0.260
0.14 400 432 0.028 0.144 0.256
0.13 464 501 0.026 0.148 0.252
0.12 544 587 0.024 0.152 0.248
0.11 648 699 0.022 0.156 0.244
0.10 784 846 0.020 0.160 0.240
0.05 3136 3382 0.010 0.180 0.220

Note: The confidence limits are calculated as P+2*SE.
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Assuming the domain size is large enough such that the finite population correction is
negligible, Table 1.1 gives the required gross sample size in terms of number of households with
estimated parameters from a DHS survey. The target population is currently married women age 15-
49; the estimated parameters are:

e the proportion of currently married women who are current users of any modern
contraceptive method,

e the design effect (Deft),

e the number of target individuals (number of currently married women 15-49) per
household,

e the individual and the household response rates.

For example, with an estimated prevalence of 20%, if we require a RSE of 10%, we should
select 846 households in this particular domain. With a gross household response rate (the number of
households completed over the total number selected) of 92% and an individual response rate of
96%, we expect to obtain 784 completed interviews of currently married women age 15-49.

The estimated quantities at the top of the table used as input to the calculation can usually be
obtained from previous surveys or from administrative records. The total sample size for a survey with
several domains is the sum of the sample sizes obtained in the above table for each domain. If the
same precision required and the same indicator level apply to all domains, then the total sample size
is the sample size calculated for one domain multiplied by the number of domains. With this example,
the total sample size for a survey having six domains with approximately the same level of modern
contraceptive use among currently married women and the same precision request for each domain
would be 5076 households. The “"Sample size determination” template located in the Appendix can be
used to determine required sample sizes.

Table 1.2 Sample size determination for estimating the prevalence of
full vaccination coverage among children aged 12-23 months

Estimated proportion p 0.29 Total target population

Estimated design effect (Deft) 1.22 # of target individuals/HH 0.11

Individual response rate 0.96 HH gross response rate 0.92

Desired Net Sample Sample size Expected 95% confidence limits

RSE size individual | household SE Lower Upper
0.20 91 937 0.058 0.174 0.406
0.19 101 1040 0.055 0.180 0.400
0.18 112 1153 0.052 0.185 0.395
0.17 126 1297 0.049 0.191 0.389
0.16 142 1462 0.046 0.197 0.383
0.15 162 1668 0.043 0.203 0.377
0.14 186 1915 0.041 0.209 0.371
0.13 216 2224 0.038 0.215 0.365
0.12 253 2605 0.035 0.220 0.360
0.11 301 3099 0.032 0.226 0.354
0.10 364 3747 0.029 0.232 0.348
0.05 1458 15008 0.014 0.261 0.319

Note: The default value of Deft is set to be 1.5. Specify if different.
The confidence limits are calculated as P+2*SE.
If response rate is not provided, the sample size calculated is net sample size.
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Table 1.2 shows a similar example for the indicator “proportion of children aged 12-23 months
who are fully immunized”. In this case, the target population is children aged 12-23 months. The
estimated number of target individuals per household is much smaller than the number of currently
married women per household given in Table 1.1. So for the same sample size calculated in Table 1.1,
we can only get a RSE of above 20% at domain level. With a RSE of 10%, we need to select 3746
households in this particular domain which seems unrealistic if we have several domains for the
survey.

This example shows that for a multi-indicator survey, the sample size required can be very
different from indicator to indicator. So the choice of the reference indicator upon which the sample
size is calculated is an important issue. The reference indicator which is used for sample size
determination should have demographic importance, moderate value and moderate population
coverage, i.e. apply to a sizable proportion of the population. With the same sample size calculated in
Table 1.1 for a survey having six domains, the RSE for the whole sample for estimating full
immunization among children 12-23 months is between 8% and 9%.

The domain sample sizes often need to be balanced between domains due to budget
constraints. In practice it is often the case that the total sample size is fixed according to funding
available and implementation capacity, and then the sample is allocated to each domain and to each
stratum within the domain. In the case of very tight budget constraints, we may equally allocate the
total sample to the domains. In some cases, we may want to oversample a specific domain to conduct
some in-depth analysis for a certain rare phenomenon. The method (and the tables) presented in the
following section may be used to allocate the sample at the domain level because the domains are
usually first-level strata. Regardless of the method used for allocation, the calculation of domain
sample size can give us an idea about the precision we may achieve in each domain with a given
sample size.

1.7 Sample allocation

In cases where the total sample size or domain sample size has been fixed, we need to
appropriately allocate the sample to different domains (or different strata within a domain). This
allocation is aimed at strengthening the sampling efficiency at the national level or domain level and
reducing sampling errors. Assuming a constant cost across domains/strata, the optimum allocation of
the sample depends on the size of the domain/stratum N, and the variability of the indicator to be
estimated S,

n, < N,S,,
For a given total sample size n the optimum allocation for variable x is given by:
N.S
nh =n m h~"xh
ZNhSXh
h=1

The optimum allocation is only optimal for the indicator on which the allocation is based; that
allocation may not be appropriate for other indicators. For a multipurpose survey, if the
domains/strata are not too different in size, a safe allocation that is good for all indicators is a
proportional allocation, with sample size proportional to the domain/stratum size.
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This allocation introduces a constant sampling fraction across domain/strata with:

n
fo=—h =
h Nh

=3

Because DHS surveys are multipurpose surveys, a proportional allocation of sample is
recommended if the domains/strata are not too different in size. However, if the domains/strata sizes
are very different, the smaller domains/strata may receive a very small sample size.

If a desired precision is required at domain/stratum level, by assuming equal relative
variations across strata, a power allocation (Bankier, 1988) with an appropriate power value
o (0L <1) may be used to guarantee sufficient sample size in small domains/strata.

o
_ M,
n,

o
ZMh
h=1

A power allocation is an allocation proportional to the power of a size measure M. A power
value of 1 gives proportional allocation; a power value of 0 gives equal size allocation; a power value
between 0 and 1 gives an allocation between proportional allocation and equal size allocation.
Proportional allocation is good for national level indicators, but may not meet the precision request at
domain level; while an equal size allocation is good for comparison across domains, but may affect the
precision at national level. A power allocation with power values between 0 and 1 is a tradeoff
between the national level precision and the domain level precision. Since the sample size is usually
large at the national level, the national level precision is not a concern.

In Table 1.3 below, we give an example of a proportional sample allocation of 15,000
individuals to 11 domains and to their urban-rural areas. The minimum domain sample size is 384 for
domain 2, which is too small for estimating the total fertility rate (TFR) and childhood mortality rates.
The largest sample size is for domain 11 which may be unnecessarily large. The actual total sample
size given in the total row may be slightly different from the desired sample size because of rounding.
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Table 1.3 Sample allocation: Proportional allocation

Total sample size => 15000 Power value domain=> Power value urban=>
Serial ) Domain/ . Sample Allocation Specific Allocation
Num Domain/Stratum IS — Proportion
Name/ID size urban Urban Rural Domain Urban Rural

1 Domain 1 0.072 0.352 382 701 1083
2 Domain 2 0.026 0.317 122 262 384
3 Domain 3 0.070 0.568 597 454 1051
4 Domain 4 0.142 0.275 586 1544 2130
5 Domain 5 0.060 0.323 292 611 903
6 Domain 6 0.046 0.135 92 593 685
7 Domain 7 0.048 0.194 141 586 727
8 Domain 8 0.094 0.251 354 1055 1409
9 Domain 9 0.164 0.288 709 1749 2458
10 Domain 10 0.091 0.191 262 1104 1366
11 Domain 11 0.187 1.000 2803 0 2803

Total 1.000 0.423 6339 8660 14999

If we impose a condition such that the sample size should not be smaller than 1000 in each
domain, after trying various power values, we find that a power value of 0.25 is appropriate, as shown
in Table 1.4. In this case, we would have a minimum sample size of 1,022 for domain 2. Since domain
11 has only urban areas, the power allocation among the domains brought down the urban percentage
in the sample. In order for urban areas to be properly represented, over sampling is applied in the
urban areas of the other domains. With a power value of 0.65, the urban proportion in the sample is
close to the proportion of the target population.

Table 1.4 Sample allocation: Power allocation

Total sample size => 15000 Power value domain=> 0.25 Power value urban=> 0.65
Serial ) Domain/ . Sample Allocation Specific Allocation
Num Domain/Stratum IS — Proportion
Name/ID size urban Urban Rural Domain Urban Rural
1 Domain 1 0.072 0.352 533 791 1324
2 Domain 2 0.026 0.317 386 636 1022
3 Domain 3 0.070 0.568 716 599 1315
4 Domain 4 0.142 0.275 546 1023 1569
5 Domain 5 0.060 0.323 484 782 1266
6 Domain 6 0.046 0.135 271 910 1181
7 Domain 7 0.048 0.194 341 858 1199
8 Domain 8 0.094 0.251 466 949 1415
9 Domain 9 0.164 0.288 581 1045 1626
10 Domain 10 0.091 0.191 395 1009 1404
11 Domain 11 0.187 1.000 1680 0 1680
Total 1.000 0.423 6399 8602 15001

In Table 1.4, the small domains are oversampled compared with a proportional allocation.
Oversampling some small domains is frequently practiced if domain level precision is required.
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However, oversampling a small domain too much will harm the precision at national level. To prevent
this, it is recommended to regroup the small domains to form domains of moderate size, especially
when there is a very unequal population distribution among geographic domains, however, this is
sometimes not possible due to political considerations.

The above discussion also applies to sample size allocation to strata within a domain where
the domain sample size is fixed. A proportional allocation with sample size proportional to stratum size
is good for all indicators and provides the best precision for the domain as a whole.

1.8 Two-stage cluster sampling procedure

The MEASURE DHS program utilizes a convenient and practical sample selection procedure for
household based surveys developed on the basis of experience from past surveys—a two-stage cluster
sampling procedure. A cluster is a group of adjacent households which serves as the PSU for field
work efficiency. Interviewing a certain number of households in the same cluster can reduce greatly
the amount of travel and time needed during data collection. In most cases, a cluster is an EA with a
measure of size equal to the number of households or the population in the EA, provided by the
population census.

At the first stage, a stratified sample of EAs is selected with probability proportional to size
(PPS): in each stratum, a sample of a predetermined number of EAs is selected independently with
probability proportional to the EA’s measure of size. In the selected EAs, a listing procedure is
performed such that all dwellings/households are listed. This procedure is important for correcting
errors existing in the sampling frame, and it provides a sampling frame for household selection.

At the second stage, after a complete household listing is conducted in each of the selected
EAs, a fixed (or variable) number of households is selected by equal probability systematic sampling in
the selected EAs. In each selected household, a household questionnaire is completed to identify
women age 15-49, men age 15-59 (15-54 or 15-49 in some surveys) and children under age five.
Every eligible woman will be interviewed with an individual questionnaire, and every eligible man will
be interviewed with an individual men’s questionnaire in those households selected for the men’s
interview.

The advantages of this two-stage cluster sampling procedure can be summarized as follows:

1) It guarantees a representative sample of the target population when a list of all target
individuals is not available which prohibits a direct sampling of target individuals;

2) A household listing procedure after the selection of the first stage and before the main
survey provides a sampling frame for household selection in the central office;

3) The use of residential households as the second-stage sampling unit guarantees the best
coverage of the target population; and

4) It reduces unnecessary sampling errors by avoiding more than two stages of selection
(which usually uses a large PSU in the first stage of selection).

See more details in Sections 1.10 and 1.11 on household listing and selection, Chapter 2 on
household listing, and Sections 3.2 and 3.3 of Chapter 3 on systematic sampling and sampling with
probability proportional to size (PPS).

25



26

PAKISTAN NATIONAL NUTRITION SURVEY 2018

1.9 Sample “take” per cluster

Once the total sample size is determined and allocated to different survey domains/strata, it
should be decided how many individuals (sample take) should be interviewed per sample cluster and
then convert the domain/stratum sample size to number of clusters. Since the survey cost can be very
different across the survey domains/strata, the sample take can have a big influence on the total
survey budget. With a fixed sample size, a small sample take is good for survey precision because of
the reduction of the design effect, but is expensive because more clusters are needed. The number of
clusters affects the survey budget more than the overall sample size due to the travel between
clusters during data collection, which represents an important part of field costs in rural areas. The
MEASURE DHS program proposes a sample “take” of about 25-30 women per rural cluster. In urban
areas, the cost advantage of a large “take” is generally smaller, and MEASURE DHS recommends a
“take” of about 20-25 women per urban cluster. Since in most DHS surveys, the number of eligible
women age 15-49 is very close to one per household, the sample take of individuals is equivalent to
the sample take of households; therefore, in the following sections we refer to the sample take (or
cluster take) as the number of sample households per cluster.

1.9.1 Optimum sample take

The optimum number of households to be selected per cluster depends on the variable under
consideration, the intracluster correlation p, and the survey cost ratio ¢, /c,, where ¢, represents

the cost per cluster including mainly the cost associated with travelling between the clusters for
survey implementation (household listing and interview); while ¢, represents the cost per individual

interview (the interviewing cost) and other costs of doing fieldwork within a cluster. A larger sample
take per cluster and fewer clusters reduces survey field costs if the cost ratio is high, but it could also
reduce the survey precision if the intracluster correlation is strong.

The MEASURE DHS Program has accumulated information on sampling errors for selected
variables for many surveys throughout the world. Using this information, Aliaga and Ren (2006)
conducted a research study to determine the optimum sample take per cluster. The results of the
study have informed current practice in DHS surveys. If the average cluster size is around 250
households, a sample take of 20-30 households per cluster is within the acceptable range in most
surveys. The research also supports the practice of setting a larger sample take in rural clusters than
in urban clusters. Usually, the cost ratio in urban areas is smaller than that in rural areas. This would
lead to a smaller sample take in an urban cluster than in a rural cluster. In sum, this research
indicates that for the most important survey indicators, a sample take between 20 to 25 households is
appropriate in urban clusters and a sample take between 25 to 30 households is appropriate in rural
clusters.

Based on values of ¢, /¢, and p obtained from eight surveys, Table 1.5 below shows optimal

sample takes for the indicator “proportion of currently married women 15-49 currently using any
contraceptive method.” This indicator has a moderate intracluster correlation relative to other
important survey indicators.
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Table 1.5 Optimal sample take for currently married women 15-49 currently using any
contraceptive method based on intracluster correlation p and survey cost ratio ¢, /c, from

past surveys

Survey

cost Intracluster Optimal

ratio correlation  sample
Country G /¢, P take
Country 1 10 0.025 20
Country 2 10 0.037 16
Country 3 12 0.067 13
Country 4 12 0.052 15
Country 5 15 0.084 13
Country 6 27 0.031 29
Country 7 48 0.058 28
Country 8 52 0.023 47
Average 23 0.047 23

1.9.2 Variable sample take for self-weighting

A fixed sample take per cluster is easy for survey management and implementation, but it
requires sampling weights that vary within a stratum. Different sampling weights result in larger
sampling errors compared with a similar sample of constant weight within a sampling stratum, i.e., a
self-weighting sample. A self-weighting sample consists of a sample of individuals in which each
individual has the same probability of being selected, and therefore a constant sampling weight is
used. In some cases a self-weighting sample is preferred for various reasons:

e it is equally representative for every individual of the target population;
e it reduces sampling errors.

Since the sample for DHS surveys is usually the result of a two-stage cluster sampling design,
it is necessary to coordinate the sample take for each of the selected clusters. In an overall self-
weighting sample, every individual in the target population has an equal probability of selection, which
results in a proportional allocation. However, proportional allocation is not feasible when sampling
domains are very different in size. Self-weighting at domain/stratum level, by contrast, is easy to
achieve.

Let n be the total number of clusters selected for a DHS survey, let n, be the number of
clusters allocated to the A™" stratum; let X, be the total number of households in the stratum h, let
X,, be the number of households in cluster k of stratum h, given by the sampling frame; then the
selection probability of cluster k in stratum h is given by:

— nhth

Tk
X
h

Let x;, be the number of households listed in the cluster in the household listing operation, let
m, be the number of households to be selected from the cluster for a fixed sample take, then the

overall selection probability of a household in the cluster is given by:
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m, _ NyXy M,
o = Tpe X —= = ———< X

*
th Xh th

If x;, = x,, exactly for all k in stratum h, then it is easy to see that self-weighting is achieved

n.m
in stratum h by a constant sample take m, in all clusters since f, = % is a constant in stratum h.
h
In practice, it is not possible that x,, = x,, for all h and k, especially when the last population

census is no longer new. Therefore there is a need for sample coordination in order to achieve self-
weighti