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ABSTRACT

One of frequently asked question by health researchers is how many individuals will I need
to study. Sample size determination is one of the central canons of health research. A study
is always better when planned scientifically and determining the sample size for a study is a
prime component as it will help to determine optimum number of subjects so that statistically
significant results can be detected. If the sample size is larger than what is needed, the study
will become cumbersome and ethically exorbitant. On the converse, using too few subjects’
will eventually result in wasted time, effort and money etc. Literature is full of examples in
which sample size is incorrectly determined for health studies thus resulting in bias
conclusions. To ensure the reliability of the results, the significance level and power of study
must be fixed before the sample size determination. Sample size determination is very
important and always a difficult process to handle. It requires the collaboration of a
specialist who has good scientific knowledge in the art and practice of medical statistics.
There are numerous situations in which sample size is determined that varies from study to
study. This article will focus on the sample size determination for hypothesis testing and
confidence interval situations commonly used in health studies.
KEY WORDS: Hypothesis testing, confidence interval, significance level, power of study,
effect size, sample size
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INTRODUCTION

Progress in almost every field of science
depends upon the contributions made by
systematic research, thus research is often
viewed as the cornerstone of scientific
progress.1 A scientific research is a one
which is a carefully planned investigation,
addressing all the important aspects; from
generation of research ideas till the
publication.2 The ever increasing demand
for research has created a need for an
efficient method of determining the sample
size to be representative of a given
population3. Sample size determination is a
process of deciding before a study begins,
how many subjects should be studied.
Whatever type of research design is used
for a study, the health researcher will face
the problem of sample size determination.4
The sample size is now easily calculated
with the help of computer statistical
programs, but the principles underlying the
calculation and the limitations must be
clearly understood by the investigators.5 It
is not necessarily true that the bigger the
sample, the better the study. Beyond a
certain point, an increase in sample size will
not improve the study in fact, it may do the
opposite.6 Calculation of an appropriate
sample size is usually dependent upon six
parameters; objectives of the study,
variables of interest (qualitative or
quantitative), desired significance level,
desired power, effect size / clinical
important difference, measurement
variability and one tailed or two tailed
tests.7 Although a biostatistician may do the
necessary exercise to determine the sample
size, he/she can only do it with guidance
from the investigator on the level of
uncertainty that is considered acceptable.8
In addition, the aforementioned six
parameters have to be taken into
consideration while calculating the sample
size. Since the data are not available before
the study begins, the investigators will have
to make some assumptions about the data,
and provide these assumptions to the

biostatistician to be able to calculate the
desired sample size. The procedure for
estimating sample size is not as precise as
investigators may be led to think. One such
assumption is about the prevalence,
incidence or frequency of the condition or
event. If the rate of the event is large,
statistical power will be high with a smaller
number of cases. If the event is rare, a
larger sample size will be needed. Some
information may be available from previous
studies to guide the estimates. If not, it is up
to the investigators to come up with a
tentative estimate which the biostatistician
can use.9-11 The ability of a study to
demonstrate an association or causal
relationship between two variables given
that an association exists is known as power
of study, for example, 80% power in a
clinical trial means that the study has an
80% chance of ending up with a p value of
less than 5% in a statistical test.12 The effect
size in a study refers to the actual size of the
differences observed between groups or the
strength of relationships between variables.
The likelihood that a study will be able to
detect an association between a predictor
and an outcome variable depends on the
magnitude of the association we decide to
look for. The choice of effect size is
difficult and arbitrary, but it must be set
beforehand and must make a meaningful
difference.13,14 There are numerous
situations in which sample size is
determined that varies from study to study.
This article will focus on the sample size
determination for hypothesis testing and
confidence interval situations commonly
used in health studies.

Various effects while determining the
sample size15:

The information below is a guideline about
how sample size is affected by variations
that incur due to change in different
parameters.
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Values for power of study and
significance level9:

Power of study and significance level’s are
the core components for determining
sample size. Earlier, it was cumbersome to
calculate the power of study and
significance level due to complex formulas
and tables respectively, but now due to
recent advancements in the field, experts
have prepared tables of normal deviates for
corresponding exact values of power of
study and significance level.

Sample Size Determination through
Hypothesis Testing approach:

One Group Proportion:
One group proportion is use to compare a
hypothesized value of population with the
sample value, for example, Drug A is
administered to 100 patients to treat a
particular disease, after administration the
health of 50 patients improved.  Test
whether this drug is better than drug B,
which is known to produce improvement in
45% of patients.

Example for sample size determination:
The five-year cure rate for a particular
cancer is reported in the literature to be
50%. An investigator wishes to test the
hypothesis that this cure rate can be applied
in a certain local health district. What is the
required sample size if the investigator is
interested in detecting a true rate of 40%.
The level of significance is set at 5% with
90% power of study.

Formula for determination of sample size
for one group proportion is4:

Where;
P1 is the anticipated proportion = 40%
Po is the Null Hypothesis value or actual
proportion (test cure rate) = 50%
p1– po is the difference between proportions
= 0.10
Z 1 – β is the desired power of study = 90%
Z 1-α/2 is the desired level of significance =
5%
Alternate hypothesis is two sided
Putting the values in the formula the
required sample size is 259.

Two Groups Proportion:
Compares responses in two groups but the
responses in both groups are independent,
for example, two preparations of same drug
in tablet form were tested for their efficacy
in alleviating headache. Preparation A was
given to 25 patients of which 17 claiming
its effectiveness, while drug B was given to
20 patients of which 16 claiming its
effectiveness. Compare the effectiveness of
preparation A and B.

Example for sample size determination:
It is believed that the proportion of patients
who developed complications after
undergoing one type of surgery is 5% while
the proportion of patients who developed
complications after second type of surgery
is 15%. How large should be the sample
size in each of the two groups of patients if
the investigator wishes to detect with a
power of 90% at 5% level of significance.

Formula for determination of sample size
for two group proportion is19:

Table 2: Normal
Deviates α values

Table 1: Normal
Deviates 1-β values
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Where;
P1 and P2 are the anticipated proportions =
5% & 15%
p1– p2 is the difference between proportions
= 10%
Z 1 – β is the desired power of study = 90%
(1.28)
Z 1-α/2 is the desired level of significance =
5% (1.96)
P is the average of proportions = 0.10
Alternate hypothesis is two sided

Putting the values in the formula the
required sample size is 93 patients in each
group.

Paired Groups Proportion:
Two proportions are paired if they share a
common feature that affects the outcome.
For example, when comparing two
laboratory methods (culture media) to
detect bacteria in samples of blood, if blood
from the same sample is put into both
methods, this is the "pairing". Pairs of
results from multiple samples can then be
compared as a pair of proportions:

Example for sample size determination:
Two drugs A and B were used to treat
patients of depression and were compared
in-terms of possible side-effects, nausea.
The drugs were given to patients on two
different occasions. It is believed that
incidence of nausea from drug A is 20%
less than drug B. Calculate the number of
patients required in each group assuming
90% power of study and 5% level of
significance.

Formula for determination of sample size
for paired group proportion is20:

Where;
P1 and P2 are the anticipated proportions =
20% & 50%

p1– p2 is the difference between proportions
= 30%
Z 1 – β is the desired power of study = 90%
(1.28)
Z 1-α/2 is the desired level of significance =
5% (1.96)
P is the average of proportions = 0.35
Alternate hypothesis is one sided

Putting the values in the formula the
required sample size is 47 participants.

Correlation:
Correlation is the degree to which two or
more quantities are linearly associated. This
association may be positive or negative.  A
positive correlation exists where the high
values of one variable are associated with
the high values of the other variable(s). A
'negative correlation' means association of
high values of one with the low values of
the other(s). For example, age and blood
pressure are positively correlated, whereas,
volume and pressure and negatively
correlated.

Example for sample size determination:
According to the literature, the correlation
between salt intake and systolic blood
pressure is around 0.3.  A study is
conducted to test the correlation in a
population, with the significance level of
1% and power of 90%.  How many
participants should be there in the study?

Formula for determination of sample size
for correlation is10:

Where:
Z 1 – β is the desired power of study = 90%
(1.28)
Z 1-α/2 is the desired level of significance =
1% (2.81)
r is the correlation coefficient = 0.30
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Putting the values in the formula the
required sample size is 158 participants.

Sample Size Determination through
(Confidence Interval):
There is only one method of determining
sample size that allows the researcher to
pre-determine the accuracy of the sample
results that is “The Confidence Interval
Method of Determining the Sample Size”.
This method allows the investigator to draw
conclusions about the true value of the
outcome measure on the basis of
information in the sample.16,17 The sample
size is calculated in such a way that there is
a 95% probability that it includes the true
value. To calculate the sample size from
confidence interval the following
information is necessary; Anticipated
Population Proportion which is usually
reported in the form of prevalence,
incidence or rate etc. Confidence Level, tells
you an estimated range of values that is
likely to include the population parameter
being calculated. For example, how
confident are we that our confidence
interval of 23 – 27 years of age contains the
mean age of our population? If this range of
ages was calculated with a 95% confidence
level, we could say that we are 95%
confident that the mean age of our
population is between 23 and 27 years [18-

19]. Absolute or Relative Precision which is
a measure of consistency i.e. if a survey is
repeated several numbers of times the same
result is yielded every time; it is usually
reported in percentage.20

Example for sample size determination
(one group):
A local health department wishes to
estimate the prevalence rate of tuberculosis
infection among children less than five
years of age in its locality. How many
children should be included in the sample
so that the rate may be estimated to within 5
percentage points of the true value with
95% confidence if it is known that the true
rate is unlikely to exceed 20%.

Formula for determination of sample size
for one group is18:

Where:
Anticipated population proportion = 20%
Confidence Level = 95%
Precision = 5%
(15% - 25%)

Putting the values in the formula the
required sample size is 244 children.

Example for sample size determination
(two groups):
Suppose that in a pilot study of 50
agricultural workers in an irrigation project.
It was observed that 40% had active
schistosomiasis. A similar pilot study of 50
agricultural workers outside the project
demonstrated that 32% had active
schistosomiasis infection. If we would like
to carry out a larger study to estimate the
true schistosomiasis risk difference to
within 5 percentage points of the true value
of  the confidence interval, how many
people must be studied in each of the two
groups.

Formula for determination of sample size
for two groups is:

Where:
Anticipated population proportion= 40% &
32%
Confidence Level = 95%
Precision = 5%age points

Putting the values in the formula the
required sample size is 354 people in each
group.
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Tips in calculation of sample size for
Confidence Interval approach:
For situations in which no anticipation is
possible a figure of 0.5 should be used. If
the anticipation is given in range the closest
to 0.5 should be used. The sample size
required will be largest when P is equal to
0.5 and in two groups calculation the larger
proportion should be kept first.16

CONCLUSION

Sample size is best considered early in the
planning of a study. The accuracy of sample
size calculations depends on the accuracy of
the estimates of the parameters used in the
calculations. Determining sample size is
necessary so that optimum numbers of
subjects are available to achieve statistically
significant results. On the converse, If the
sample size is larger than what is needed,
the study will become cumbersome and
ethically exorbitant. For successful
resolution of sample size issue close and
honest collaboration of biostatisticians and
subject-matter experts is required.
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