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Presentation outline

• Introduction

– Target population, study population, sampling unit, 

and study unit

– Sample, sampling, and sampling frame

• Bias and error

• Equal probability of selection method 

(EPSEM) / self-weighting design

• The need for sample weights

• Conclusion
Note: The material used here is taken from mainly a book written by 

Prof. T.K.Roy (former Director, IIPS, Mumbai and JHU open-source 

material and from internet. 2



Introduction
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Objective: Sample survey design

• Generalizability - To make inferences about a population parameter 

by observing a portion or sample from it

• Margin of error – It is natural to expect that this phenomenon of 

interpreting about a wider group (a population) on the basis of a 

sample from it will have some margin of error in the result

• Procedure of sample selection – How the samples are drawn or 

selected, while designing a sample survey, is important to ensure 

that the inference drawn is both valid and reliable

• Alternate design – The theory can also guide in choosing an 

alternative design so that the margin of error can be minimized
4



Target population

Target population (universe) - The entire 

group of people or objects to which the 

researcher wishes to generalize the study 

findings

Examples
- All institutionalized elderly with Alzheimer’s

- All people with AIDS

- All low birth weight infants

- All school-age children with asthma

- All pregnant teens
5



Study population

Study population - The entire group of people or 

objects in a study which is considered for 

sample selection. 

For example, to understand teenage pregnancy in an 

area, all girls aged 13-19 years residing in the area 

becomes the target population. However, while 

implementing the survey design, more often than not, 

only households that might have girls aged 13-19 

years residing in it are considered for selection.
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Sampling unit and study unit

Sampling unit - A sampling unit is an object that 

can be selected with known probability from a 

sampling frame.

Study unit – A study unit is a unit or a member of a 

study population which is a unit of analysis in a 

study.

Considering an example of sampling from a human 

population, it is often preferred to select households before 

selection of individuals – the study units in a population. In 

this case, the households, consisting of individuals, which 

facilitate the process of the sample selection are called 

sampling unit.
7



Sampling design
A sampling design is the process to 

accomplish the following tasks:

• Number of units to have in a sample 

(sample size)

• The procedure of selection of the of the 

required units (how to select the required 

units into the sample) : Different sampling 

technique 8



Sampling design

• The procedure of estimation of the 

required parameters (to transfer the 

information collected from the sample into 

meaningful measure to gauge the 

population parameter

• Provide an idea about the likely error that 

one would commit in making the inference 

from the sample to the target population

9



Sample size

The decision about sample size is made largely by 

considering (a) level (including sub-groups estimate) at 

which the estimates are to be produced, (b) a reasonable 

level of precision, and (c) availability of resources.
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Probability sampling methods

• Also called random sampling

• Each and every unit in the study 

population is given a known and non-zero 

chance of being included in a sample

• The actual selection of a unit is a chance 

event and depends on its probability of 

selection

11



Probability sampling methods

• The group of units that will ultimately form 

a sample is not known in advance

• Once a design, in terms of sample size 

and the chance of selection of each unit 

are specified

• A variety of options or alternative samples 

will be possible 

• It provide a basis for arriving at a valid 

estimation procedure and also an idea 

about the error in estimation
12



Frame

• A frame is the basis for drawing sampling 

units

• A frame is supposed to provide the list 

(detailed address to facilitate contacting a 

selected unit) of all the sampling units

• If there are N units in a population, the 

frame should have only N entries in the list 

giving contact details of each of the units

13



Frame

• The basic techniques, such as simple random 

sampling, stratified sampling and systematic 

sampling presume availability of such a list of 

elements if elements are being selected directly

• In cluster and multistage sampling, a list of all 

areal units comprising a population is required 

initially

• In multistage sampling, macro areal units are 

selected using a PPS sampling, which assumes 

an availability of size or at least an estimated 

size of each cluster
14



Frame

• Selection of elements in the final stage of 

a multistage design would require a frame 

consisting of elements in selected areas

• This is generally obtained through listing of 

dwellings or households in a population-

based surveys

• Frame error results when the sampling 

frame is not an accurate and complete 

representation of the population of interest
15



Bias and error

Sampling error – As per sample survey design, 

there may be several alternative samples that 

could be selected. Each possible sample will have 

an error that is defined as the deviation between a 

sample estimate and the corresponding population 

parameter.

The difference between the sample mean and the 

population mean that is due to the random 

fluctuations in data that occur when the sample is 

selected

16



Bias and error

• The sampling theory helps get an estimate of the 

error for a design from a single sample

• The summary measure of error is denoted by 

mean square error (MSE)

• The MSE comprises of two components bias

and error

17



Bias and error

Sampling bias

• Also called systematic bias or systematic variance

• The difference between sample data and 

population data that can be attributed to faulty 

sampling of the population

• Consequence of selecting subjects whose 

characteristics (scores) are different in some way 

from the population they are supposed to 

represent

• This usually occurs when randomization is not 

used
18
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Simple random sampling (SRS)

In SRS design, each and every sampling 

unit in a population receives equal chance of 

being included in a sample. This design is 

termed as EPSEM.

Let there be N units in a population from 

which n are to be selected for inclusion in a 

sample. The method of selection adopted is 

such that every unit, in a sample of n units, 

has a chance of selection equal to:

Probability of selection of a unit = n / N 26



Simple random sampling (SRS)

• The distinguishing feature of SRS is that, 

in addition to giving equal chance of 

occurrence to each unit, it also assigns all 

possible samples of size n an equal 

chance of selection.

As per this design in daily wage example :

Each person in the sample has equal 

chance ( = 3/6 = ½) of selection.

Each sample of 3 persons will have equal 

chance (1/20) of selection. 27



Sampling process

• We employ some randomization process 

for sample selection so that there is no 

preferential treatment in selection which 

may introduce selectivity bias. 

• Listing (sampling) Frame

• Random number table (from published 

table or computer generated)

• Selection of sample

28



Sampling process
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Systematic sampling

“…systematic sampling, either by itself or in 

combination with some other method, may 

be the most widely used method of 

sampling.” 

Levy and Lemeshow, 1999
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Systematic sampling

31



Systematic sampling
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Systematic sampling
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Systematic sampling
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Systematic sampling
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Systematic sampling
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Systematic sampling
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Systematic sampling
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Probability proportional to size 

(PPS)
Communities may vary considerably in 

population. If simple random or systematic 

sampling is used, both large and small 

communities will have the same probability 

of being included, which is incorrect. One 

way of compensating for these differences is 

to choose clusters from the sampling

frame with probability proportional to size 

(PPS).
39



Procedure for PPS

To select the communities to be used in the 

survey you will need:

• a list of all communities in the district to be 

surveyed 

• an estimate of population size (or the 

number of households) in each community

• the number of clusters you want to have in 

the district 

40



Procedure for PPS

To sample the communities with PPS, complete the 

following seven steps:

Step1: Make a table with three columns

Column (1): Assign a number 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 the table.
41



Procedure for PPS

Step 2: Calculate the sampling interval using 

the following formula:

Sampling interval = cumulated total population ÷

number of clusters required

Using the example below, and supposing we 

need to select three clusters, this would 

give:

Sampling interval = 6,700 ÷ 3 = 2,233

42



Procedure for PPS
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Procedure for PPS

Step 3: Select a random number which is 

equal to or less than the sampling interval

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 table of 

random numbers. Let us suppose that the chosen 

number is 1,814.

44



Procedure for PPS

Step 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.

Step 5: Add the sampling interval to the 

random number

In the example, 2,233 + 1,814 = 4,047.
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Procedure for PPS

Step 6: Choose the community whose cumulative 

population just exceeds this number

The second cluster will be located in this community. 

In the example, the second cluster will be located in 

village 6.

Step 7: Identify the location 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.
46



Stratified sampling

In stratified sampling the population is 

partitioned into groups, called strata, and 

sampling is performed separately within 

each stratum.

When?

• Population groups may have different values for 

the responses of interest

• If we want to improve our estimation for each 

group separately

• To ensure adequate sample size for each group
47



Stratified sampling

• stratum variables are mutually exclusive 

(non-over lapping), e.g., urban/rural areas, 

socio-economic categories, geographic 

regions, race, age, sex, etc.

• the population (elements) should be 

homogenous within-stratum, and

• the population (elements) should be 

heterogenous between the strata.

48



Equal allocation

• Divide the number of sample units n equally 

among the K strata.

• Formula: nh = n/K

• Example: n = 100; 4 strata; sample nh =100/4 = 

25 in each stratum.

• May not be equal in each stratum. (what if you 

have 3 strata?)

• Need “weighted analysis” (disproportionate 

selection)

49



Proportional allocation

• Make the proportion of each stratum sampled 

identical to the proportion of the population. 

• Formula: Let the sample fraction f= n/N. 

• So, nh = fNh = n(Nh /N) = nWh ,

• Where Wh = Nh /N is the stratum weight.

• Note, f is constant across strata, but Wh varies 

among strata. 

• Self-weighted (equal proportion from each 

stratum) 

50



Proportional allocation

Example:

• N = 1000 

• n = 100

• f = n/N=100/100=.1

• N1 = 700 n1 =fN1 =0.1*700=70

• N2 = 300 n2 =fN2 =0.1*300=30

51



Cluster Sampling

In cluster sampling, cluster, i.e., a group of 

population elements, constitutes the 

sampling unit, instead of a single element of 

the population.

Need to consider the sampling order: 

• Primary sampling units (PSU): clusters 

• Secondary sampling units (SSU): 

households/individual elements 

52



Selection process

• We may select the PSU’s by using a 

specific element sampling techniques, 

such as simple random sampling, 

systematic sampling or by PPS sampling. 

• We may select all SSU’s for convenience 

or few by using a specific element 

sampling techniques (such as simple 

random sampling, systematic sampling or 

by PPS sampling). 53
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Simple one-stage cluster sample: 

List all the clusters in the population, and from the list, 

select the clusters – usually with simple random 

sampling (SRS) strategy. All units (elements) in the 

sampled clusters are selected for the survey. 

Simple two-stage cluster sample: 

List all the clusters in the population. First, select the 

clusters, usually by simple random sampling (SRS). 

The units (elements) in the selected clusters of the 

first-stage are then sampled in the second-stage, 

usually by simple random sampling (or often by 

systematic sampling). 

Multi-stage sampling: 

when sampling is done in more than one stage. 

In practice, clusters are also stratified. 
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Design effect
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Sample weights

• The purpose of weighting sample data is to 

improve representativeness of the sample in 

terms of: 

- size 

- Distribution, and 

- characteristics of the study population. 

• By introducing sampling weight, the estimation is 

carried out in such a way that the estimates 

reflect the actual distribution/characteristics of 

the population.
58



The development of sampling 

weights
• It usually starts with the construction of the base 

weight for each sampled unit, to correct for their 

unequal probabilities of selection. 

• In general, the base weight of a sampled unit is 

the reciprocal of its probability of selection into 

the sample.

• In mathematical notation, if a unit is included in 

the sample with probability pi, then its base 

weight, denoted by wi, is given by

wi = 1/ pi.
59



• For example, a sampled unit selected with 

probability 1/50 represents 50 units in the 

population from which the sample was 

drawn.

• For multi-stage designs, the base weights 

must reflect the probabilities of selection at 

each stage.
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Weighting for unequal probabilities of selection
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The adjustment of sample weights for non-

response

• Step 1: Apply the initial weights (for unequal selection 

probabilities and other adjustments, if applicable);

• Step 2: Partition the sample into subgroups and compute weighted 

response rates for each subgroup;

• Step 3: Use the reciprocal of the subgroup response rates for non-

response adjustments; and

• Step 4: Calculate the non-response adjusted weight for the i-th

unit as: wi = w1i * w2i,

where w1i is the initial weight and w2i is the non-response adjustment 

weight. Note that the weighted non-response rate can be defined as 

the ration of the weighted number of interviews completed with 

eligible sampled cases to the weighted number of eligible sampled 

cases. 65
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Example

A stratified multi-stage sample of 1000 households is selected from two regions 

(North and South) of a country. Households in the North are sampled at a rate of 

1/100 and those in the south at a rate of 1/200. Response rates in urban areas are 

lower that those in rural areas. Let nh denote the number of households sampled in 

stratum h, let rh denote the number of eligible households that responded to the 

survey, and let th denote the number of responding households with access to 

primary health care. Then, the non-response adjusted weight for the households in 

stratum h is given by: wh = w1h*w2h, where w2h= nh/ rh. Assume that the 

stratum-level data are as given in the following table:
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The adjustment of sample weights for non-coverage

Example

In the preceding example, suppose that the number of households is known to be 45,025 

in the North and 115,800 in the South. Suppose further that the weighted sample totals are 

respectively 40,000 and 120,040.
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Weighting and its similarity with 
standardization
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Weighting and its similarity 
with standardization
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Conclusion

• Although a probability sampling is not a 

must, it is a desirable choice

• It is must for undertaking a scientific 

investigation

• Purposive selection can lead to unknown 

biases that can be serious

• It provides an idea about the bias, if any, 

as well as error in an estimate
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Conclusion

• As for as possible, an EPSEM design 

should be considered. It helps in obtaining 

an unbiased estimate of a population 

parameter

• There are situations where it is neither 

possible nor necessary to have an EPSEM 

design. In such situations, bias occurring 

due to unequal probability of selection of 

units can be compensated by using 

appropriate sample weights 73



Conclusion

• Error is generally less of a worry compared to 

bias in a design

• It is desirable particularly in large-scale sample 

surveys, to keep the design as close to EPSEM 

as possible, unless there are genuine reasons to 

believe that deviating from EPSEM would help in 

reducing MSE

• A sample design should endeavour to capture 

the heterogeneity or variation in the study 

variable
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Thanks

75


