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Introduction

One of the most common questions that a researcher should ask when
planning a study is “How large a sample size do I need. One of the
fundamental phases of planning a study is the calculation of the sample
size [1]. It is logically neither practical nor feasible to study the entire
population in any study. Hence, a set of participants is selected from the
population, which is less in number (size) but adequately represents
the population from which it is drawn so that true inferences about the
population can be made from the results attained from its sample [2].
This set of individuals is known as the “sample. If the sample size is too
small, even a well-conducted study may fail to answer its research
question, may fail to detect important effects or associations, or may
estimate those effects or associations too inaccurately [3]. Similarly, if
the sample size is too large, the study will be more difficult and costly,
and may even lead to a loss in accuracy. Hence, optimum sample size is
an essential component of any research. Careful consideration of
sample size and power analysis during the planning and design stages
of clinical research is crucial [3]. This article describes the principles
and methods used to calculate the sample size for different objectives:

What s a sample size :

A sample is a selection of respondents chosen from the target
population in such a way that they represent the total population as
good as possible. The number of completed responses / number of
participants in a sample in our survey receives is sample size. It’s called
a sample because it only represents part of the group of people (or
population) whose opinions or behavior, we care about. A sample is
called Random Sample,” when respondents are chosen entirely by
chance from the target population at large.

Need for appropriate Sample size: A sample that is too big will lead
to the waste of precious resources such as time and money, while a
sample that is too small will not allow you to gain reliable insights [4].
Using a correct sample size is crucial for your research.

Concept behind sample size estimation: Main objective of sample
size estimation is to find out the adequate group of individuals, those
result could be able to predict at ethically and scientifically valid and
meaningful outcome with associated precision and error for the target
population [2].

Determining the sample size:Factors that influence sample size:

The "right" sample size for a particular application depends on many
factors, including : Cost considerations (e.g., maximum budget, desire
to minimize cost), Administrative concerns (e.g., complexity of the
design, research deadlines), Minimum acceptable level of precision,
Confidence level, Variability within the population or sub-population
(e.g., stratum, cluster) of interest, prevalence / effect size and Sampling
method. Some more factors that can be considered while calculating

the final sample size include the expected drop-out rate, equal /unequal
allocation ratio, and the objective and design of the study [5].

Inputs for sample size estimation: Prior to calculate sample size for
the study, following information require i.e. acceptable level of
significance, power of the study, underlying event rate in the
population (i.e. prevalence/ percent), relative/margin of error of the
estimated value, expected effect size etc. Although type of
information/ inputs is varying as per study design and objective of the
study.

Level of significance: Prior to starting a study we set an acceptable
value for level of significance, is also called “p value”. When we say,
for example, we will accept a p<0.05 as significant, we mean that we
are ready to accept that the probability that the result is observed due to
chance (and NOT due to our intervention) is 5%. Conventionally, the p
value of 5% (p=0.05) or 1% (p=10.01), which means 5% or 1% chance
of erroneously reporting a significant effect is accepted.

Confidence level: A measure of how certain you are that your sample
result accurately reflect the population, within its margin of error.
Common standards used by researchers are 95%, 99% and 99.9%. This
is also indicates that, the larger your p value, the smaller your
confidence level (because sum of the p value and confidence level is
equalto 1 or 100%).

Confidence Interval: The confidence interval calculations assume,
you have a genuine random sample of the relevant population. If your
sample is not truly random, you cannot rely on the intervals. This
reflects the confidence with which you would like to detect a
significant difference between the two proportions/means etc. If your
confidence level is 95%, then this means you have a 5% probability of
incorrectly detecting a significant difference when one does not exist,
i.e. a false positive result (Known as type I error).

Power of the study: Statistical power is the probability of detecting a
significant difference when one exists. In other words, statistical power
explains the generalizability of the study results and its inferential
power to explain population variability. Sample size is directly related
to power; the bigger a sample, the higher the statistical power. The
power of a study increases as the chances of reducing a Type II error
(denoted by B). The “power” of the study then is equal to (1 —).
Usually most of the studies, we accept a power of minimum 80%. This
means that we are accepting that one in five times (that is 20%) we will
miss areal difference i.e. when power is 80%, then this means that you
have a 20% probability of failing to detect a significant difference
when one does exist (false negative result).

Expected Mean/ proportions: In epidemiology, prevalence is a
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statistical concept referring to the number of cases of a disease that are
present in a particular population at a given time, whereas mean refers
to the average per individuals.

The sample proportions/means are what we expect the results to be.
This can often be determined by using the results from a previous
survey, or by running a small pilot study. If you are unsure, use
proportions near to 50%, which is conservative and gives the largest
sample size.

Margin/relative error of the estimated value: First of all, the margin
of'error is a statistic expressing the amount of random sampling error in
asample survey's results. It asserts a likelihood (not a certainty) that the
result from a sample is varying with its population. In short, this is the
positive and negative deviation you allow on your survey results for
the sample w.r.t. population. In other words, the deviation between the
opinions of sample respondents and the opinion of the entire
population respondents. Suppose in a sample study, 30% of our
respondents have anemia. If we set our margin of error on 5%, it means,
in our study, our sample prevalence of anemia may be vary between
+5% i.e. 30% +5% i.e. 25% to 35%. It means we can be ‘sure’ that
prevalence of anemia of the entire population might be between 25%
(30%-5%) and 35% (30%+5%). In the above example: Margin of error
of'the prevalence is 5% of the 30% prevalence. It means margin of error
is 16.67% of the estimated value (30%). So this 16.67% is the relative
error of estimated value of 30%. The relationship between relative
error and margin of error is as follows.

Margin of error (%) = Estimated value X relative error in %
We calculate margin of error of the estimated value at certain level of
confidence usually at 95%.

Expected effect size: An effect size is a quantitative measure of the
difference between two groups. Suppose, average weight loss
following one diet program is 20 kg and following another is 10 kg, the
absolute effect size would be 20-10=10 kg. Ex- The difference
between the value of the variable in the control group and that in the
test drug group is known as effect size. We can estimate the effect size
based on previously reported or clinical studies. It is important to note
that if the effect size is large between the study groups then the sample
size required for the study is less and if the effect size between the study
groups is small, the sample size required is large.

Standard Deviation: Standard deviation is the measure of dispersion
or variability in the data. While calculating the sample size, a
researcher needs to anticipate the variation in the measures that are
being studied. With higher standard deviation, need larger sample size
to detect a difference between interventions.

One tailed and two tailed test: A one- or two-tailed test is determined by
objective of the test. The one-tailed test is performed if the results are
interesting whether they turn out in a particular direction [1]. The two-
tailed test is performed if the results would be interesting in either
direction. Because the one-tailed test provides more power to detect an
effect, you may be tempted to use a one-tailed test whenever you have a
hypothesis about the direction of an effect. Before doing so, consider
the consequences of missing an effect in the other direction. Example
we developed a new drug that believe is an improvement over an
existing drug. You wish to maximize your ability to detect the
improvement, so you use a one-tailed test. In doing so, we fail to test
for the possibility that the new drug is less effective than the existing
drug. The consequences in this example are extreme, but they
illustrate a danger of inappropriate use of a one-tailed test. When using
a two-tailed test, regardless of the direction of the relationship you
hypothesize, you are testing for the possibility of the relationship in
both directions. For example, we may wish to compare the mean of a
sample to a given value x using one sample t-test. Our null hypothesis
is that the mean is equal to x. Two-tailed tests will test both if the
samples mean is significantly greater than x and if the sample mean
significantly less than x. The mean is considered significantly different
from x if the test statistic is in the top 2.5% or bottom 2.5% of its
probability distribution, resulting in a p-value less than 0.05. For one
sided test and two sided test, all the inputs in sample size formula are
same except critical ratio (Z value), which is differ in one and two sided
test (table 1) denoted by Z1-ce/2 (at two sided test) and Z1-ce (at one
sided test).
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Table 1 : Z value

Level of Two tailed ( Z™" ) One tailed (Z"™)
confidence
0.95 1.96 1.65
0.01 2.58 2.33
0.001 3.29 3.09
Power of the test Z value (Z™)
0.80 0.84
0.90 1.28
0.95 1.65
0.99 2.33

Type of Methods of calculating sample size: To calculate sample
size, there are various sample size estimation method, depend upon
objective of the study. For one/ two sided test, only value of z at desired
level of confidence is changeable, rest formula is same in both sided
test. Here we are discussed the methods based on single/two means and
proportions are given below:

1. Based on proportions:

1A. Sample size to estimate a proportion: If in our study, objective is
to calculate sample size for a study, when main outcome of the interest
of the study is prevalence / percent of an event of the interest (like
disease).Formulais:

Sample Size (n)=Z, ., pq/d’

Where: n is sample size that to be finding out, Z, ,, is the critical value
of the corresponding level of confidence at two tailed, p is prevalence
and q is non-prevalence equal to 1-p, d is the margin of error of the
estimated prevalence. As it is for non-comparative study, always use
two sided test [1,6,7,8].

Example: In a metropolitan city, a study stated that prevalence of
anemia in pregnant women was 40%. At 95% confidence level and
10% relative allowable error in the prevalence, how many individuals
(here “pregnant women”) required to conduct new study?

In above example: main objective of the study is to estimate
prevalence of anemia in the pregnant women. As it is a non-
comparative study and formula for sample size is:

Sample Size (n)= Z,,,,’pq/d’

In this example: p=40%=0.4, q=60%=0.6,

d=prevalence* relative error =40% * 10%=40% * 0.1 =4%=0.04
Z,.,=1.961svalueof 95% confidence level at two tailed.

Sample Size (n)= Z,.,pq d’
=(1.96)° *(0.4)* (0. 6)/(0 04*0 04)=576

I.e. To conduct the above prevalence study, minimum 576 women
required for the study. Although in the study, we have to target to cover
more than 576 pregnant women to achieve at least 576 individuals after
excluding non-response.

1B. Sample size to detect the difference (effect size) between two
groups: If in our study, objective is to calculate sample size for a
comparative study, when main outcome of the interest of the study is
difference in proportions (effect size) like difference in proportions
between treatment and control groups. Formula at two sided test:

Sample Size (n)
[Zl a/zdlzp(l'p)}+zl ;3\/{ p!(l'p|)+pz(1'p )}] /( pi- pz)

Where: nis sample size that to be finding out, Z, ,, and Z,  is the critical
value of the given level of confidence at two sided test and power of the
study, p,, p, are the proportion in treatment and control groups, p is the
average value of p, and p,, d is the effect size.As it is for comparative
study, we can use either one sided test/two sided test, depend upon our
hypothesis [1,6,7].

Example: In a study, the improvement in the patients in treatment A and
treatment B groups are 40% and 20% respectively. At 95% confidence
level and 80% power of the study, to detect the 20% difference would
be clinically important, how many patients are required:

Sample Size (n)
=[Z..N2p(1-p)}+Z N {p,(1-p)+p.(1-p)} T /(pi-p.)°
=[1.96V{2*0.3(1-0.3)}+0.842{ 0.4(1- -0.4)+0.2(1-0.2)}] T/(0.4-0.2)’
=[1.96{0.42}+0.842V{ 0.24)+0.16} 1'/(0.2)’
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= [ 1.96* 0.648 + 0.842*0.632 1° /0.04 =[1.270 + 0.532] /0.04 =
3.247/0.04=81

We have required at least 81 patients in each of the groups (i.e. 81
patients in treatment A and 81 patients in treatment B).

We need to have some estimate of the proportion of events expected.
This can often be obtained from routinely collected data or previous
studies.

2.Based on means:

2A. Sample size to estimate a mean: In our study, if objective is to
calculate sample size for a study, when main outcome of the interest of
the study is mean of the variable (example-mean weight of group of the
individuals etc.).

Sample size (n)=Z, /,’s’/ d’

Where: n is sample size that to be finding out, Z, , is the critical value
of'the given level of confidence, s is the standard deviation and d is the
margin of error in the mean value. As it is for non-comparative study,
always use two sided test [1,6,7,8].

Example: In a city, a previous study stated that mean and standard
deviation of hemoglobin level in pregnant women were 12.3 and 2.3
g/dl. At 95% confidence level and 10% relative error, how many
pregnant women required to conducting a new study in the
community?

Samplesize (n)=Z,.,’s’/ d’
= (1.96) *(2.3'/(1.23)’
=3.84X529 /1.51 =20.31/1.51=13.45,

Minimum sample size require for study = 14
In above, d = margin of error = mean X relative error = 12.3 X 0.1 =
1.23

I.e. To conduct the above mean study, minimum 14 women required
for the study. Although in the study, we have to target to cover more
than 14 pregnant women to achieve at least 14 individuals after
excluding non-response.

2B.Sample size to detect the difference in means (effect size)
between two groups: In our study, if objective is to calculate sample
size for a comparative study, when main outcome of the interest of the
study is to detect the difference between two means.

Sample size (0)=(Z, ... Z,,)'(s, +s,)) /d°

Where: nis sample size that to be finding out, Z, ,and Z  ;is the critical
value of the given level of confidence (two sided) and power of the
study, s, and s,are the standard deviation of treatment A and treatment B
groups, d is detected difference in means (effect size).As it is for
comparative study, we can use either one sided test/two sided test,
depend upon our hypothesis [1,6,7].

Example: In a study of geriatric age group, assuming that mean
(standard deviation) of hemoglobin level in rural area and urban area
are 11.5(2.2) and 13.5(2.1) respectively. At 95% confidence level and
80% power of the study , to detect difference 2g/dl in the groups, how
many geriatric age group individuals required in the study from rural
and urban each.

Sample size (n) =( ZI,FI,Z‘Z,,B)Z*(SI2 +s,7)/(x1-x2)2
=(1.96+0.842)%(2.22+2.12)/ (2.0)’
=(2.802)2%(4.84+4.41)/(2.0)2 =(7.851)*(9.25)/(4.0)=18.16

We have required at least 19-19 patients in each of the groups.

Design Effect (DEFF): The above mentioned methods of sample size
calculation provide required minimum sample size in case simple
random sampling method is used. However, due to some inevitable
reasons, sometimes we used cluster random sampling as a result of
this, target precision is difficult to achieve as simple random sampling.
To overcome this problem, calculated sample size has to be adjusted in
terms of design effect (DEFF), which is equal to the ratio of expected
variance in cluster random sampling with expected variance in simple
random sampling. The sample size calculated by simple random
sampling will be multiplied by design effect produced new sample size
where DEFF is always >1. In most of the immunization and nutritional
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survey, we usually take DEFF around two. Although if more variation
from one cluster to another cluster, we can take DEFF more than two
also[1].

Other methods for sample size estimation: There are various
methods available to calculate sample size depend upon objective of
the study. Instead calculating sample size through mean(s) and
proportion(s), we can calculate sample size for other studies those
objectives are including survival analysis, ROC curve analysis,
Linear/Logistic regression, Correlation coefficient, Clinical trials and
group sequential test etc. There are online/offline software’s available
to calculate sample size. Power and sample size (PASS) software is one
ofthe useful software to estimate sample size [7].

Advantages of the calculated sample size:

1. Minimum sample size requirement is prime need of the significant
study. In case of lack of sample size or overestimated sample size
mislead the result.

2. Studies without appropriate sample size failed to detect the actual
effect of the treatment and result might be gives false
interpretation.

3. Through calculated sample size, we can ensure approximate error
in the study at desired level of confidence and power of the study
(if applicable)[9].

4. Ifsample size was estimated at minimum level of confidence and
power of the study (if applicable), then difference achieved in the
study will be called due to treatment effect not due to chance and
result can be generalized.

Conclusions: The calculation of the sample size is one of the most
important steps in designing a study. Although techniques for sample
size calculations are common but performing these calculations can be
complicated [10]. Because sample size calculations are sensitive to
errors and validity of the finding, to performing a study, we
recommend to perform the calculations with caution or to ask for
statistical advice during the calculation of the sample size.
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