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STATISTICAL CONCEPTS USED IN ESTIMATION OF RELIABILITY OF EVIDENCE

IPC RESOURCE 02
Statistical concepts used in estimation of reliability of evidence

  WHAT DOES THE IPC TECHNICAL MANUAL VERSION 3.0 SAY ABOUT STATISTICAL CONCEPTS?

 °   Refer to pages 49 to 50 of the Manual 3.0 for evidence reliability criteria.

  WHAT DOES THIS RESOURCE ADD TO THE MANUAL?

 °   This document aims at providing more information on the statistical concepts and decisions taken to 
develop the IPC evidence reliability criteria.

HOW IS THIS RESOURCE ORGANIZED?

 °  This guidance resource is organized into the following sections: 

  » Background

  » Statistical concepts 

  » References 

BACKGROUND
The IPC Manual 3.0 contains several statistical concepts that are used to define and explain evidence reliability 
criteria, especially relating to household surveys. 
Since the statistical concepts used in the Manual 3.0 are not detailed in the Manual itself, the explanations of 
the concepts are included in the Resources to the Manual. This guidance can be used together with the Manual 
in order to clarify the evidence reliability criteria. 
Furthermore, this guidance resource will help IPC practitioners understand in greater detail the survey data 
used for IPC analysis, and will facilitate critical analysis of the data and its reliability.
The purpose of this guidance is to define statistical concepts used assessing reliability of survey evidence. The 
evidence reliability guidance of the IPC, or the general parameters for sampling presented in this note, should 
not be taken as guidance for preparing sample surveys. All calculations for the required sample size should be 
made based on the parameters that are relevant for the survey in question, e.g. estimated prevalence of the 
main variable included in the survey and desired precision, as well as any other considerations that typically 
influence sampling, such as financial and logistical feasibility.

CONTACTS
For queries or to request support contact the IPC Global Support Unit at info@ipcinfo.org.
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A cluster is simply an aggregation of households that can be clearly and unambiguously defined (Magnani, 1997). A cluster can be 
an enumeration area, village or other clearly definable area within the area of analysis.

Design effect (D or Deff ) is the number by which the sample size is multiplied to get the same margin of error as a simple random 
sample. It is known that cluster sampling results in less precise estimates (than with simple random sampling) and to correct this, a 
factor (D or Deff ) higher than 1 should be used to increase the sample size of the cluster sampling. A typical design effect ranges from 
1.2 to 3.0, and this depends on the homogeneity of units within clusters (ROH = rate of homogeneity) and cluster size. For example, 
for a Deff of 1.2 and a given cluster size of 9, an ROH of 0.025 is very low, whereas for a Deff of 3.0, the homogeneity is 10 times higher 
with an ROH of 0.25. For a given number of elements in clusters, a low Deff implies situations with low intra-cluster correlation of 
elements (ROH), i.e. higher heterogeneity of results within the cluster and close to that among clusters1 and hence the design is 
quite good. A low Deff means that households within the cluster are rather heterogenous, and therefore are likely to represent rather 
well the overall (heterogeneous) population. A higher Deff in turn implies situations with higher intra-cluster correlation, i.e. lower 
heterogeneity of results within clusters with respect to that among clusters, and the design is not efficient as wanted, requiring a 
larger sample size multiplied by Deff to get the same margin of error as a simple random sample. Efficient sampling designs achieving 
higher heterogeneity of results within the cluster, in general, use sampling procedure that spread elements within clusters such as 
systematic sampling, for example. 

The level of homogeneity and hence Deff can be calculated with data from previous surveys. However, Deff varies for different 
indicators. There are at least two ways to deal with this: Calculate the Deff for a key indicator from a previous survey and use that for 
sample calculations. Alternatively, one can increase the number of clusters to 30 per stratum (e.g. analysis area), as this decreases the 
design effect to the lowest possible level and use a standard Deff of 2 for typical survey design, i.e. two-stage cluster sampling. 

Exhaustive survey or census is a survey in which the entire population is measured. Exhaustive surveys are most viable in small 
populations (i.e. not exceeding 1000 households) which are geographically concentrated, such as refugee or IDP camps. For example, 
in a camp with 850 refugees we can interview all households and take anthropometric measures of all children. Country-wide 
censuses in which all households are surveyed require a lot of time and resources and are conducted only every 10 years or more.

STATISTICAL CONCEPTS

Figure 1: Accuracy and precision

Source: Statistics How To (2016). Accuracy and Precision: Definition, Examples.

1 ROH=S2b/(S2b + S2w) where S2b is the variance among clusters and S2b is the variance among sampling units within clusters. The higher the heterogeneity of 
elements within clusters the smaller the ROH is, close to zero, and the opposite, the higher the homogeneity of elements within clusters the higher the ROH is, close 
to 1.
2 OECD Glossary of Statistical Terms https://stats.oecd.org/glossary/detail.asp?ID=21

Precision refers to the degree of error around the estimate. Some degree of error is inherent in surveys, as the estimate is typically 
based on a sample (rather than measuring/interviewing everyone in the target population) and the phenomenon that is being 
studied varies within a population. One of the requirements in determining sample size for a unit of analysis is the definition of the 
minimum level of precision (or maximum tolerable error) that is acceptable in the survey results.

Accuracy of statistical information is the degree to which the information correctly describes the phenomena it was designed to 
measure. It is usually characterized in terms of error in statistical estimates (see maximum tolerable error below) and is traditionally 
decomposed into bias (systematic error) and variance (random error) components. It may also be described in terms of the major 
sources of error that potentially cause inaccuracy (e.g. coverage, sampling or non-response).2

Maximum tolerable error, also called the margin of error, is a combination of accuracy and precision. Accuracy, as stated above, 
reflects how close the measured value is to the known value (e.g. based on previous survey results), whereas precision is an indication 
on how reproducible the measure is. Measurements can be very precise, i.e. all the measurements produce the same (or close to the 
same) value, but may still be far from the true value, meaning they have bias, and therefore, are not accurate.
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Maximum tolerable error varies depending on the objectives of the research. For medical research, for example, the acceptable 
margin of error is typically very small – maybe 1-2%. For assessing survey data to be used for IPC analyses, the maximum tolerable 
error is 8.5%. 

Confidence level: a degree of confidence of 95% means that if you were to perform the assessment 100 times with different 
combinations of households in the population, at least 95 of the 100, i.e. 95% of the assessments, will yield results ranging between 
the upper and lower limits of the confidence interval defined by your precision level. Hence, the confidence level is the measurement 
of accuracy. Usually, a confidence level of 95% is used to calculate the sample size, but it can also vary, and confidence levels of 90% 
or 99% are also often used. For IPC purposes, the confidence level of 90% is accepted as the minimum. The margin of error is half (also 
called the radius of ) the confidence interval.

3 If we use an accuracy/confidence level of 90% to calculate the sample of this survey, there is a10% chance that the value of the measurement in the population 
falls away from the confidence interval (23-33). If the confidence level is 95% there is only a 5% chance not to capture the true population estimate by the estimated 
confidence interval.  
4 Example from https://www.statisticshowto.com/probability-and-statistics/hypothesis-testing/margin-of-error/ 

Example (taken from CFSVA guidelines): 

It is estimated that 28% (+/- 5 percentage points) of households in a rural district in Bolivia consume meat less than 
once a week. The “+/- 5 percentage points” is the degree of error around the estimate; it defines the confidence 
interval. The point estimate 28% reflects the percentage actually found in the sample population. The range, or 
confidence interval, of 23–33% better reflects the larger population from which the sample was taken. The larger 
the sample, the narrower the confidence interval3.

Simply put, the margin of error gives the range of possible values above and below a confidence interval. For example, a poll might 
report that a certain candidate is going to win an election with 51% of the vote. The confidence level is reported to be 95% and the 
error is 4%. The poll was repeated using the same techniques. The pollsters would expect the results to be within 4% of the stated 
result (51%) 95% of the time. In other words, 95% of the time they would expect the results to be between:

 • 51 – 4 = 47% and 

 • 51 + 4 = 55%.4

Measurement error: the difference between the coded response and true value of the characteristic of the respondent being studied. 
Measurement errors are common e.g. in anthropometric measurements, or when an enumerator misunderstands the answer of a 
respondent. 

Pooled data is available when there is a time series of cross section data (i.e. surveys implemented at a specific point in time), but the 
observations in each cross section does not refer to the same unit, for example to the same households. When a data set combines 
data from assessments done at different points in time, sampling the same households, the data is called panel data.

Sample is a sub-group of the population selected for a survey. In many cases it is not possible to collect data on the whole population 
because it is large and/or geographically dispersed, there are time constraints, or not enough financial and human resources. As 
a result, the survey is done on a sample that is expected to represent the overall population in the analysis area, based on the 
parameters used to calculate the sample.

Sampling refers to the selection of a limited number of individual units of analysis from a population of interest.  The purpose of 
sampling is to infer something about that population based on the individual units selected in the sample.

A sampling frame is an exhaustive list, map, or other specification of all sampling units in the population from which a sample may be 
selected. For example, a list of villages, households or individuals. For cluster surveys, a comprehensive list of villages in the surveyed 
areas is typically used as the sampling frame. 

Selection bias is bias that occurs because the actual probabilities with which units are sampled differ from the selection probabilities 
specified by the investigator, i.e. selection bias refers to any or all errors of omission or inclusion which result in a less-than-representative 
sample. For example, even though the sampling frame (e.g. list of villages) is expected to be complete, it can be discovered that some 
sampling units (villages) are missing from the list. This brings bias, as not every single sampling unit has an equal chance of being 
sampled from the list for the survey. Selection bias can also be introduced by non-random selection of households for interview 
within clusters.

There are two categories of methods used to choose a sample: non-probability sampling and probability sampling (Fig 1):

Figure 2: Sampling methods

Non-Probability Sampling:
• Key informants

• Convenience sampling
• Purposive sampling

Probability Sampling:
• Simple random sampling

• Systematic random sampling
• Clustor sampling

Sampling Methods
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Non-probability sampling is not based on statistical theory; selection of individuals, such as key informants, is based on our 
knowledge that they “represent” the population well or that they are able to provide information about the population (e.g. key 
informants). Without a statistical basis it is impossible to assess precision and reliability (accuracy) of estimates.

Convenience sampling (also called accidental, grab or opportunity sampling): subjects are selected for the survey based on their 
accessibility, and close distance to those carrying out the survey. For example, when a team arrives in a village for an assessment, they 
select households that are proximate for interviews, rather than selecting households randomly in the entire village.  

Purposive sampling is conducted when researchers use their own judgement to select sampling units or households, often based 
on the topic of the study. For example, if it is known that in a certain area food insecurity or malnutrition levels are particularly 
high, that area can be purposively targeted as a focus for study. Equally, certain households may be particularly vulnerable (such as 
displaced or single parent households); these households may be purposively targeted for survey purposes.

Probability sampling: a method of sampling in which every subset of the population has a probability of being included in the 
sample. There probabilities are calculated for all representative surveys and based on these sample weights can be calculated for the 
survey. It is based on probability theory to draw statistical inferences about the population of the unit of analysis from a randomly 
selected sample. A common probability sampling technique is probability proportional to population size (PPS) sampling. In this 
sampling method, the size of the population in a given area is directly related to the chances of it being selected for the survey. As a 
result, larger areas or units, such as large districts, towns and villages are more likely to be selected for the survey than smaller districts, 
towns or villages. PPS is typically used to improve accuracy and efficiency of surveys, as sampling focuses on areas with a higher 
population that also form a higher share of the overall population in the country.  

Simple random sample means that the sampling units (e.g. households) are selected randomly, for example by using a random 
numbers table. It is normally used for small populations that are known and listed. In this situation, all sampling units have an equal 
chance of being selected. Typical examples include e.g. registers of IDP or refugee populations in camps, or a list of households in 
a village. A randomly selected subset of households from the list is expected to represent the whole population in the unit. Simple 
random sampling is often also used for Computer-Assisted Telephone Interviewing (CATI), as households are randomly selected from 
a database containing all available telephone users. 

Systematic random sample involves the systematic selection of sampling units (e.g. households) from a complete list of all sampling 
units (e.g. households) within the population of interest. It is based on a selection of units situated at a certain predetermined interval 
called the sampling interval. 

Example: total population in the unit of analysis is 1500 households and the required sample size is 100 households. All households 
are numbered from 1 to 1500. The procedure for the selection of household will be:

 •   Calculate sampling interval = 1500/100 = 15.

 •   Choose the first household from first to 15th (ie. from one to sampling interval maximum value) using a random number 
(e.g. by lottery or a random number table). Let’s assume you have picked number 11, this will be the first household to be 
interviewed.

 •   The second household will be 11+15=26.

 •   The third household will be 26+15=41, and so on.

 •   If additional households must be selected e.g. due to unavailability of some households, number 15 is added to the number of 
the last household selected so that the counting reaches the end of the list and continues from the beginning of the list until a 
sufficient number of households is identified.

In case where a list of households is not available and dwellings are well organized in rows, blocks, or along a river or main road, you 
can use other systematic approaches to select households. For example, you can pick a random number between 1 and 10, interview 
that household, and then add a sampling interval of 5 or more (depending on the estimated total amount of households) to the 
number of the first household and so on, to identify subsequent households.

It is also quite common for teams to discover that in the assessment location there is no complete list of households available, and 
that households are dispersed. If there is no time or possibility to prepare a total list of households, other ways to identify households 
have to be used. A common method is spinning a bottle/pen in the centre of the village. The enumerator takes the direction from 
the bottle/pen and selects e.g. every fourth or fifth household in that direction for an interview. If the enumerator reaches the end 
of the village without interviewing a sufficient number of households, s/he returns to the centre of the village and spins the bottle/
pen for another direction. 

Cluster sampling can be used for a large geographic area (e.g. country, province, district, county) and/or when the population is 
dispersed. This method is most frequently used in national surveys (DHS, MICS, household expenditure surveys, food security and 
nutrition assessments).

 •   Households are selected within groups named clusters (enumeration areas, villages, administrative areas, camps etc.).

 •   The objective of this method is to choose a limited number of smaller geographic areas in which simple or systematic random 
sampling can be conducted.



5

IP
C

 R
ES

O
U

R
C

E 
02

STATISTICAL CONCEPTS USED IN ESTIMATION OF RELIABILITY OF EVIDENCE

Cluster sampling can be done with two-stage sampling or multi-stage sampling.

Two-stage sampling:

 •   First stage: random selection of clusters within the unit of analysis.

 •   Second stage: random selection of households within clusters using simple or systematic random sampling.

Multi-stage sampling (when three or more stages are applied):

 •   First stage: Random selection of administrative areas (e.g. at a 3rd administrative level such as division, prefecture, district or 
territory).

 •   Second stage: Random selection of clusters within the administrative areas (e.g. villages).

 •   Third stage: Random selection of households within selected clusters (e.g. villages).

Stratified sampling involves dividing the population of interest into sub-groups (e.g. strata) that share common characteristics based 
on criteria related to the assessment objectives. Examples of area-based strata are districts, provinces, area of residence (rural, urban), 
and livelihood zones. Strata can also be e.g. different livelihood groups, or socio-economic groups. Stratification allows disaggregation 
of estimates by strata to ensure the precision of estimates of the measured characteristic at strata level for comparative purposes. For 
example, a national sample can be stratified by district to produce valid estimates by districts. For IPC purposes, all IPC analysis areas 
should have valid results.
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