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A sample is a part of a population, which can be selected in different manners, 

from which the required data is collected. It is not possible to examine or 

enquire each and every one among the millions of people. It is the sample that 

is considered to be representative of whole population under study. Estimation 

of an adequate sample size is therefore pre-requisite before carrying out any 

study, and is one of the basic and critical steps while planning a research. Each 

and every study design requires a different method for the calculation of 

sample size. The aim here is to describe the various methods in a 

comprehensive manner and under a single umbrella for the ease of 

understanding. 
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INTRODUCTION 
 

"What should be the sample size for my study?” 

During the course of a research study, investigators 

frequently ask this question. 

A sample is a part of a population, which can be 

selected in different manners, from which the 

required data is collected. Since it is not possible 

that each and every one among the millions of 

people be examined or enquired, it is the sample that 

is considered to be representative of the whole 

population under study.[1] 

Estimation of an adequate sample size is therefore 

pre-requisite before carrying out any study, and is 

one of the basic and critical steps while planning a 

research.[2,3] 

If the sample is too large or too small, various 

details may be overlooked and this may lead to false 

approval of results. Conclusions obtained from the 

sample are generalized to the whole population and 

with wrong results in hand, a population may be put 

to the risk of unnecessary interventions or may not 

get the necessary intervention at all. This may 

collectively lead to wastage of the investigator's 

time, as well as, wastage of resources.[2,4] 

It has often been noticed that various published 

studies and articles do not report the calculation of 

sample size appropriately.[5,6] Some of them have 

been found to have deficient number of participants. 

As stated earlier, this variation leads to difficulty in 

generalizing the results to the whole of the 

population.[4] 

Hence, it is crucial to acknowledge that a single 

formula can not calculate the sample size for all the 

study designs. Each and every study design requires 

a different method for the calculation of sample 

size.[7] The aim here is to describe the various 

methods in a comprehensive manner and under a 

single umbrella for the ease of understanding. 

Components of sample size[4,8]: Following are 

some basic components that one must be familiar 

with before calculating the sample size for any 

study- 

Alpha- It is a number denoting the level of 

significance represented by the Greek letter Alpha. 

It is exactly equal to the probability of a Type I 

error. Lesser the value of Alpha, found during 

computation, lesser are the chances of rejecting a 

true null hypothesis. Out of all levels of 

significance, the ones most commonly used for 

alpha are the values of 0.10, 0.05 and 0.01. 
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Power- It is the probability of not making a Type II 

error. It can be calculated as (1 – beta). The power 

of a hypothesis test lies between 0 and 1. If the 

power is calculated and found close to 1, we can 

conclude that the test for hypothesis is very good at 

detecting a false null hypothesis. The value of Beta 

is usually set at 0.2, but it can be set by the 

researchers to be lesser. Accordingly, the power 

may be computed as low as 0.8, but it can be higher. 

However, the value of powers lower than 0.8 is 

generally considered to be too low for most 

researches. 

Margin of error (E) -The margin of error effect 

size, denoted by ‘d’ is the minimal difference that 

the investigator intends to determine between study 

groups. It is also known as the minimal clinical 

relevant difference i.e., difference of two means or 

difference of two proportions. Previously reported 

data, pilot studies, and educated guesses based on 

clinical experiences are three methods for estimating 

the ES. On the basis of clinical experience, the 

margin of error is usually set at 5%. 

The Variability (SD) – A researcher requires to 

predict the population variance of a specifically 

given outcome variable which can be calculated 

using the standard deviation (SD). The investigators 

frequently use an estimate based on information 

obtained from previous studies. If no previous study 

is found, a pilot survey to estimate standard 

deviation must be conducted.  

Prevalence Rate (P) - When estimating sample 

size, the prevalence rate, or underlying event rate, of 

the condition being studied in the population is 

crucial. It is generally calculated from previous 

studies. If no prior literature is available, a pilot 

survey must be conducted to assess the prevalence 

rate. 

1. For estimating values by descriptive cross-

sectional study: [8,9] 

(i) For Quantitative data (mean): 

If the standard deviation of the population or ‘𝜎’ is 

known through previous experience or records, the 

sample size can be calculated using the formula 

below: 

𝑛 =

𝑍
1−

𝛼
2

2 ∗ (𝜎)2

(𝐸)2
 

n = Sample Size 

𝑍
1−

𝛼

2

2  = Confidence level at 95%  

𝜎 = Standard deviation 

E = Margin of Error  

The following are some fundamental rules for 

estimating sample size: 

1. Power – It should be above or equal to 80%. As 

the power increases, so does the sample size. The 

higher the power, the less likely you are to miss a 

real effect. 

2. Level of significance – This is usually set at 5%. 

As the level of significance decreases, the sample 

size increases. 

 

Following are the constant values for convention values of α and β: 

Z values for conventional values of alpha (a) are: 
Alpha Zα 

0.05 1.96 

0.01 2.58 

 

Z values for conventional values of beta (β) are: 
Beta Z (1-β) 

0.20 0.842 

0.10 1.28 

0.05 1.64 

0.01 2.33 

 

(ii) For Qualitative data (Proportion):  

𝑛 =

𝑍
1−

𝛼
2

2 ∗ 𝑝 ∗ 𝑞

(𝐸)2
∗ 𝐷 

p = Expected prevalence  

q = 100 - p 

D = design effect reflecting the sampling design 

used in the study. It is ‘1’ for Simple Random 

Sampling. It is taken as ‘2’ for other designs such as 

Cluster Random Sampling.  

(iii) For Finite Population 

𝑛 =
𝑛0

1 +
(𝑛0 − 1)

𝑁

 

Where n is the sample size 

𝑛0 is the calculated sample size 

N is the population size 

2. For establishing association by case control 

study or independent sample cohort study: [4,8] 

(a) For Quantitative data: 

𝑛 =
(𝑍

1−
𝛼
2

+ 𝑍1−𝛽)
2

𝜎1 ∗ 𝜎2

(𝑑)2 𝑜𝑟 (𝑚1 − 𝑚2)2
 

Or  

𝑛 =
(𝑍

1−
𝛼
2

+ 𝑍1−𝛽)
2

2(𝜎)2

(𝑑)2 𝑜𝑟 (𝑚1 − 𝑚2)2
 

d = (𝑚1 − 𝑚2) = Mean difference was observed in 

the outcome variable 

 

 (b) For Qualitative data: 

𝑛 =
(𝑍

1−
𝛼
2

+ 𝑍1−𝛽)
2

(𝑝1𝑞1 + 𝑝2𝑞2)

𝑑2 𝑜𝑟 (𝑝1 − 𝑝2)2
 

Or  
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𝑛 =
(𝑍

1−
𝛼
2

+ 𝑍1−𝛽)
2

2𝑝𝑞

𝑑2𝑜𝑟 (𝑝1 − 𝑝2)2
 

𝑝1 = Event rate in control group 

𝑝2 = Event rate in cases group 

d = (𝑝1 − 𝑝2) = Expected proportion difference 

between case and control (it may be based on 

previously published studies), 𝑝1 is the proportion in 

case and 𝑝2 is the proportion in control. 

3. For identifying significant difference between 

two groups by intervention study (in each 

group):[4,9] 

(a) For Quantitative data: Formula for the 

Paired t-test  

Consider Alpha only: 

𝑛 =

𝑍
1−

𝛼
2

2 ∗ (𝜎)2

(𝑑)2 𝑜𝑟 (𝑚1 − 𝑚2)2
 

Consider Alpha and Beta: 

𝑛 =
(𝑍

1−
𝛼
2

+ 𝑍1−𝛽)
2

(𝜎)2

(𝑑)2 𝑜𝑟 (𝑚1 − 𝑚2)2
 

𝜎 = Standard deviation of the before and after 

differences 

Formula for the unpaired t-test: 

Consider Alpha 

𝑛 =

𝑍
1−

𝛼
2

2 ∗ 2(𝜎)2

(𝑑)2 𝑜𝑟 (𝑚1 − 𝑚2)2
 

 

Consider Alpha and Beta: 

 

𝑛 =
(𝑍

1−
𝛼
2

+ 𝑍1−𝛽)
2

2(𝜎)2

(𝑑)2 𝑜𝑟 (𝑚1 − 𝑚2)2
 

 

𝜎 = Standard deviation in response variable 

4. Randomized Controlled Trial (Testing Non-

inferiority/Non-superiority/Equivalence of Two 

Treatments): [8,9] 

To calculate sample size requirement for testing 

non-inferiority of means or proportion of an event 

between two groups (e.g. standard treatment and 

new treatment). 

 

Non-inferiority of two means 

𝑛 =
(𝑍

1−
𝛼
2

+ 𝑍1−𝛽)
2

[𝑣1 + 𝑣2]

[𝑑 − (𝑚1 − 𝑚2)]2
 

Non-inferiority of a proportion 

𝑛 =
(𝑍

1−
𝛼
2

+ 𝑍1−𝛽)
2

[𝑝1)(1 − 𝑝1) + 𝑝2(1 − 𝑝2)]

[𝑑 − (𝑝1 − 𝑝2)]2
 

 

𝑚1= Anticipated mean of the variable in standard 

treatment 

𝑚2

= Anticipated mean of the variable in new treatment  
𝑣1=Anticipated variance of the variable in standard 

treatment group  

𝑣2=Anticipated variance of the variable in new 

treatment group  

𝑝1=Anticipated event rate during a fixed period in 

standard treatment group  

𝑝2=Anticipated event rate during a fixed period in 

new treatment group  

d = Maximum difference between means or 

proportions within which one group is regarded non-

inferior to the other  

5. Sample Size in Survival Studies: [4,8,9] 

Any two of the following should be known in order 

to conduct a study with the objective of testing a 

hazard ratio of the risk of vital events such as 

mortality in the two groups at some specified points 

in time: 

Expected survival rate in people who were exposed 

to the factor of interest (or treatment group) = 𝑝1  

Expected survival rate in people who were not 

exposed to the factor of interest (or control group) = 

𝑝2 

If the expected hazard ratio, that is, the ratio of the 

risks of a critical event (e.g., death, disease 

recurrence) in the two groups, does not change over 

time, it can be calculated as: 

Hazard ratio (h)  =  
𝑙𝑜𝑔𝑝1

log 𝑝2
 

Then, the required minimum sample size can be 

calculated as: 

𝑛 =
𝑁𝐸

(2 − 𝑝1 − 𝑝2)
 

Where, 𝑁𝐸 is the minimum number of desired 

events and may be estimated as: 

𝑁𝐸 =
(𝑍

1−
𝛼
2

+ 𝑍1−𝛽)
2

(ℎ + 1)

2(ℎ − 1)
 

Accordingly, the formula for minimum number of 

sample in each group can be calculated as: 

𝑛 =
(𝑍

1−
𝛼
2

+ 𝑍1−𝛽)
2

[𝑙𝑜𝑔𝑝1 + 𝑙𝑜𝑔𝑝2]2

[𝑙𝑜𝑔𝑝1 − 𝑙𝑜𝑔𝑝2]2(2 − 𝑝1 − 𝑝2)
 

 

CONCLUSION 

 

As we all know, studying the entire population in 

any study is not realistic nor feasible, and therefore 

the sample. Determining the sample size is one of 

the first practical procedure while designing a 

research study and is of vital importance. We ought 

to be familiar with the essential concepts of medical 

statistics in order to develop a research project and 

comprehend the contents of a research paper. The 

calculations can be complicated, and thus, in order 

to avoid any kind of methodological error, it is best 

to seek advice from an expert statistician for the 

same. 
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