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Abstract

Sample size is one of the important considerations at the planning phase of medical research, but
researchers are often faced with difficulties of calculating valid sample size. Many researchers
frequently use inadequate sample size and this invariably introduces errors into the final findings.
Many reviews on sample size estimation have focused more on specific study designs which
often present technical equations and formula that are boring to statistically naive medical
researchers. Hence, this paper reviews on sample size estimation formula may provide basic
understanding and principles to achieve valid sample size estimation.
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Sample size is a statistical concept used for defining the number of individuals included in a
research study to represent a population. The sample size references the total number of
respondents included in a study, and the number is often broken down into sub-groups by
demographics such as age, gender, and location so that the total sample achieves represents the
entire population (Kirby et al., 2002). Indeed getting the right sample size is one of the most
irrelevant factors in statistical analysis. If the sample size is too small, it will not give valid
results or adequately represent the realities of the population being studied. But, while larger
sample sizes give smaller margins of error and are more representative, a sample size that is too
large may significantly increase the cost and time taken to conduct the research (Larsen et al.,
1985).This considerations to put in place when determining sample size include confidence
interval and confidence levels (Sandelowski, 19950.

Confidence Interval (Margin of Error)

Margin of Error also called confidence interval is the amount of error that your survey’s
findings can tolerate. Confidence intervals measure the degree of uncertainty or certainty in a
sampling method and how much uncertainty there is with any particular statistic (Francis et al.,
2010). In simple terms, the confidence interval tells you how confident you can be that the
results from a study reflect what you would expect to find if it were possible to survey the entire
population being studied. The confidence interval is usually a plus or minus () figure. For
example, if your confidence interval is 5 and 90% percent of your sample picks an answer, you
can be confident that if you had asked the entire population, between 85% (90-5) and 95%
(90+5) would have picked that answer (Fugard, 2015).

Confidence Level

Confidence Level, tells you how sure you can be of your results. The confidence level refers to
the percentage of probability, or certainty that the confidence interval would contain the true
population parameter when you draw a random sample many times. It is expressed as a
percentage and represents how often the percentage of the population who would pick an answer
lies within the confidence interval. For example, a 95% confidence level means that should you
repeat an experiment or survey over and over again, 95 percent of the time, your results will
match the results you get from a population (Hemming et al., 2011).
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The larger the sample size, the more confident you can be that their answers truly reflect the
population. In other words, the larger your sample size for a given confidence level, the smaller
your confidence interval (Hajian-Tilaki, 2014).

Standard Deviation

Another critical measure when determining the sample size is the standard deviation, which
measures a data set’s distribution from its mean. Standard deviation is the measure of dispersion
or variability in the data. While calculating the sample size an investigator needs to anticipate the
variation in the measures that are being studied. In calculating the sample size, the standard
deviation is useful in estimating how much the responses one receive will vary from each other
and from the mean number, and the standard deviation of a sample can be used to approximate
the standard deviation of a population (Bartlett et al., 2001).

The higher the distribution or variability, the greater the standard deviation and the greater the
magnitude of the deviation (Ichihara and Boyd, 2010). For instance, once you have already sent out
your survey, how much variance do you expect in your responses? That variation in responses is
the standard deviation (Jennen-Steinmetz and Wellek, 2005).

Population Size

Population Size is the total number of people you are choosing your random sample from. This
can, for example, be the total number of beneficiaries or the number of women living in a given
district. A population is the entire group that you want to draw conclusions about. It is from the
population that a sample is selected, using probability or non-probability samples. The
population size may be known , or unknown, but there’s a need for a close estimate, especially
when dealing with a relatively small or easy to measure groups of people (Charan and Biswas,
2013).

As demonstrated through the calculation below, a sample size of about 385 will give you a
sufficient sample size to draw assumptions of nearly any population size at the 95% confidence
level with a 5% margin of error, which is why samples of 400 and 500 are often used in research.
However, if you are looking to draw comparisons between different sub-groups, for example,
provinces within a country, a larger sample size is required (Guest et al., 2006).

Importance of Sample Size Determination in medical Research
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Essentially, sample sizes are used to represent parts of a population chosen for any given survey
or experiment. Both internal and external validities of the research are ensured with an accurately
estimated sample size that based on previous studies or evidences. If representativeness in a
study is accurately determined, it ensures that it measured the population attributes it tends to
study. In human and animal experiment, sample size is a central issue for ethical reasons.
Insufficient sample size will produce scientific inference with small power (Kasiulevicius et al.,
2006). This will expose subjects to potentially harmful treatments without advancing knowledge.
On the other hand, oversized experiments will recruit an unnecessarily large number of subjects
into the study. This will in turn expose them to unnecessary harmful treatment. The volunteer in
the study will be needlessly troubled without the study adding significant contribution to
scientific knowledge (Hazra and Gogtay, 2016).

Dynamics of Sample Size Determination

Some researchers stated four categories of sample size determination depending on the aim and
procedure involved, which are sample size determination, sample size justification, sample size
adjustment and sample size re-estimation. Sample size determination requires the actual
calculation using scientific assumption and evidence to achieve desired statistical significance of
valid and reliable outcome (Zhong, 20090. This is the usual method which requires attributes
such as prevalence, proportion and means from previous studies. Predetermined assumptions for
validity and reliability such as power of study, level of significance and design effect may be
needed in sample size estimation. Sample size justification is necessary when a sample size is
already chosen. It becomes expedient for the researcher to provide a 'statistical justification' for
the selected sample size. Usually, a small size of the population will be recruited initially due to
budgetary constraints or for medical consideration (Shintani, 2006).

Calculation of Sample Size

Sample size is involves determining the number of observations or replicates that should be
included in a statistical sample. It is an essential aspect of any empirical study requiring that
inferences be made about a population based on a sample. Essentially, sample sizes are used to
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represent parts of a population chosen for any given survey or experiment. To carry out this
calculation, set the margin of error, &, or the maximum distance desired for the sample estimate
to deviate from the true value. To do this, use the confidence interval equation above, but set the
term to the right of the * sign equal to the margin of error, and solve for the resulting equation
for sample size, n. The equation for calculating sample size is shown below.

22X p(1-p)

Unlimited population: 1. = >
£

n
z2xp(1-p)
g2ZN

Finite population: n'=
1+

where

z is the z score

¢ is the margin of error

N is the population size

p is the population proportion

For example: Determine the sample size diabetics in Owerri with 95% confidence, and a margin
of error of 5%.

Assume a population proportion of 0.5, and unlimited population size. Remember that z for a
95% confidence level is 1.96. Refer to the table provided in the confidence level section for z
scores of a range of confidence levels.

_ 22xp(1-p)
EZ
1.96% x0.5(1—0.5)

n= = 384.16
0.052

Thus, for the case above, a sample size of at least 385 diabetics would be necessary.

How to determine the sample size using a sample calculation formula known as the Andrew
Fisher’s Formula.
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Determine the population size (if known).

Determine the confidence interval.

Determine the confidence level.

Determine the standard deviation (a standard deviation of 0.5 is a safe choice where the
figure is unknown)

5. Convert the confidence level into a Z-Score. This table shows the z-scores for the most
common confidence levels: Noordzij et al., 2010)

PoNE

Confidence level z-score
80% 1.28
85% 1.44
90% 1.65
95% 1.96
99% 2.58

6. Put these figures into the sample size formula to get your sample size.

Necessary (Z-score)2 » StdDev * (1-StdDev)

Sample Size (margin of error)2

Here is an example calculation:

Say you choose to work with a 95% confidence level, a standard deviation of 0.5, and a
confidence interval (margin of error) of + 5%, you just need to substitute the values in the
formula:

((1.96)2 x .5(.5)) / (.05)2
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(3.8416 x .25) / .0025

.9604 /.0025

384.16

Your sample size should be 385.
Conclusion

In conclusion, there is several available software like survey software to help with this
calculation. You only need to input the confidence level, population size, the confidence interval,
and the perfect sample size is calculated for you. Sample size estimation is an important step in
conducting a valid and generalisable research.
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