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Abstract—The present study aims at bringing useful
guidelines to a physician for determining the sample size when
designing any research project. The sample size is an estimate of
the number of patients determined in concordance with the
objectives and the budget of the project. This paper presents
several ways for sample size determination i.e. classic methods,
Bayesian approach, dedicated software. All of them are analyzed
considering that the end-user is not a statistician, but a doctor
and pointers for choosing the best way when dealing with a small
SS are highlighted.
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I. INTRODUCTION

In any clinical research in order to be able to confirm the
study hypotheses, there must be a valid relationship between
the number of observations, their possible repetitions and the
quality of the evidence [1]. This number of observations is
called the sample size (SS) and is usually referred to as the
letter n.

SS determination is an essential part in designing any
clinical trial due to practical, ethical and financial reasons. This
is usually done by applying a series of mathematical formulas
that ensure the precision is sufficient in estimating the
population parameters or the obtained results are significant
[1]. It is important to determine the SS before the study is
conducted because in this way the optimal number of patients
are selected and there is no waste of resources [2].

A huge SS can lead to increased costs, delays in
dissemination, ineffective use of treatment, etc. [3]. On the
other hand, a tiny SS can lead to underpowered trials that will
produce, in most case, inconclusive results [1], [3].

Previous studies have shown that a lot of trials, from
different fields, are frequently underpowered. Statistical power
represents the probability that a study will produce a true result
if there is one that can be detected. Underpowered studies have

a low chance of determining this and have been correlated with
false-positive results and low reproducibility [4],[5].

In [6] 90 surgery trials from 1988 and 1989 were analyzed
and only 24% of them had a statistical power greater than 80%
to detect a 50% difference in therapeutic effect. In [7] 117
orthopaedic randomized controlled trials (RCTs) were studied
and found that the type-II error rate for primary outcomes was
91%, which for nonsurgical specialities represents a problem.

Using a different approach, in [4] the percent of sufficient
powered studies were determined over a period of 40 years
from 1975 to 2014. It was determined that percent of
sufficiently powered studies rose from 5.1% in 1975 to 8.5% in
2014. The conclusion was that only 7% of individual trials had
enough power to detect an observable effect, but the trend is
ascendant and in the next years, this percent will rise
constantly.

In order to avoid a low power statistical study, there are
several methods described in the literature, that can be used to
calculate the appropriate SS. For single-arm (non-randomized)
trials, which are common in Phase 1 and 2 testings and in
which every participant receives the experimental treatment,
log-rank test and its weighted versions are the most common
[8]. This method is based on asymptotic normality of the test
statistic and is recommended for moderate-to-large SSs trials.
Another researcher [9] proved that the correctness of the one-
sample log-rank test when dealing with small samples is
dependent on the correct specification of the underlying
distribution of the standard population. The number of patients
needed for a standard double-arm trial (also known as an
RCT), which is common in Phase 3 testing, can be easily
calculated using online resources [10] or other methods
described in Section 3 of this paper. These approaches can lead
to problems when dealing with small samples, because the
study will be underpowered and the result has a high chance of
being incorrect. The alternative is applying a Bayesian
approach which uses external and subjective data expressed as
a prior probability distribution, which combined with the trial
evidence generates a posterior probability distribution for trail
effect [11].
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The main contributions of this paper are highlighting the
factors that influence the determination of the SS (Section 3),
creating an extended comparative study between the classic
methods and the Bayesian approach for small size calculations
(Section 4 and 5) and providing a simple to use algorithm in
choosing the appropriate method for sample calculation
(Section 6).

II. HOW SMALL IS A SMALL SAMPLE?

There is no definitive answer to this question. It depends on
several criteria, that will be discussed later, and is closely
related to the advancements in statistics and software
development.

Over the years the rule of thumb was that regardless of the
type of the study the lowest sample should be 25 items [12]. In
practice, several studies were conducted with samples lower
than 25, due to the type of the study, the rarity of the disease, or
many interim analyses [13], and their results offered valuable
information.

In a very inspiring paper [14], the trend of the SS was
analyzed for a period of 15 years from 2000 to 2014. It was
concluded that the median value of the SS is increasing for
parallel studies from 32 items in 2000 to 36 in 2006 and for
crossover studies from 15 to 20, in the same period. When the
research ended in 2014 median SSs for parallel studies and
crossover studies were 43 respectively 24. This increase is
caused by the researchers' awareness of the importance of the
SS over time, and the number of studies with a similar topic
which acts as a starting point in SS determination.

III. FACTORS INFLUENCING THE SAMPLE SIZE

In determining the SS, a series of factors have to be taken
into consideration regardless of the method used. Among them
the most important are:

The type of study: descriptive, observational or
experimental. A descriptive study is one used to determine
population parameters, i.e. means, standard deviation (STD),
proportions etc. Observational or experimental studies involve
comparisons of the parameters. Although the type of study
does not influence directly the size of the sample, it is an
important factor when determining the type of error required.

The type of the error: type I (also known as o), or type II
(ak.a. B). a error is the rejection of a true null hypothesis
(rejection of a false-positive result), while B error is a non-
rejections of a false null hypothesis (a false negative finding). a
errors are required in descriptive studies, while observational
and experimental studies need both types of errors [1],[15].
These values are correlated with the significance criterion P,
which is the difference between the compared parameters that
are considered statistically significant — Table I.

TABLE 1. THE TYPE OF ERROR
Truth Decision
u Accept Hy Reject Hy
. Correct decision .
Null Hypothesis True (Hy within P Type I error within P

True) (o — significance)

(1-0)

Correct decision
within P (1-f —
®B) power)

Null Hypothesis False (Ho Type II error within

False)

The default values for these errors are a = 0.05 and § = 0.1
or 0.2.

The statistical power of the study. There is always a trade-
off between the desired statistical power and the feasible
number of individuals [16], [17].

The type of the response variables: if they are
quantitative (means, proportions, etc), or qualitative (true or
false).

The minimum difference is the smallest measurable
difference between the compared parameters. It is used
preponderant in observational or experimental studies and
should be chosen on clinical bases. In descriptive studies is
reflected by the value of the confidence interval. The rule of
thumb is lower the difference the greater the SS will be.

One or two-tailed tests. If the difference between the
compared parameters is possible in only one direction one-
tailed test is the best choice because it requires a smaller
sample. Otherwise, the two-tailed test is mandatory [16], [18].

The presented factors act as design parameters for the
determination of the appropriate SS. Once they are established
all it remains is applying the appropriate methodology classical
or Bayesian.

IV. CLASSIC METHODOLOGY FOR SS DETERMINATION

In the classic approach, there are several methods that are
used to determine the SS: imitating a SS of a similar study,
using statistical tables, applying formulas or using appropriate
software.

The simplest approach seems to be imitating the SS of a
similar study, but this comes with a cost. Without verifying the
procedures used in the study, the risk of repeating the errors
that were made in determining the SS is great. This can be
overcome by doing a literature review and comparing the SSs
for several similar studies.

Another approach is to use published statistical tables for a
given set of criteria. This approach is less popular these days
because it is very restrictive regarding the conditions of the
study and is usually applicable for large samples [19].

Although tables can provide a rapid determination of the
SS, for a particular case is better to apply the formula, that is
actually implied by the table. In the literature, there are several
formulas that are used, but the most famous ones are the
formula for estimation of a proportion and estimation of a
mean for finite population and the formula for comparison of
two means. The first two are mostly used in descriptive studies
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while the latter is mostly for experimental or observational
ones.

The formula for estimation of a proportion in a finite
population is given by equation 1 [1].
ty-p-q-N
n= 2 2
(N-1)-e"+t,-p-q

(M

where n is the SS to be determined, 7, — is the value of the
normal curve for type I error, p — the expected percentage of
the response variable, ¢ = /- p, N — the size of the entire
population, e — accepted margin of error.

The formula for estimation a mean — eq. 2 is similar to the
one above:

t2-s°N
n= < 2
(N-1)-& +1, -5 @)

where s2 — is the variance of the variable for which the mean is
calculated.

Determination of the SS when comparing two means is
done using eq. 3.

2-57(t, +t,)
= _(—a_zﬂ) 3)
(¥ -%,)
where #5 — is the value of the normal curve for type Il error, x;
and x, — are the means of the two groups that are compared
and s> — is the mean estimated variance of the compared
groups.

Even with the help of the formulas, the determination of a
minimum SS can be difficult for a non-statistician, because it
involves detailed knowledge of choosing the proper
coefficients. Sometimes different values for the effect size have
to be tested in order for the best solution to be determined. In
this case, the use of specialized software is necessary. We
recommend PASS software [20] which is a software solution
specialized for sample determination, IBM SPSS Statistics
which is a complete package of statistical tools and the toolset
for Statistical computation from MATLAB [21], [22].

The classic methodology faces some problems caused by
the medical relevance of the specification of null and
alternative hypotheses. This can lead to hard choices for a
physician and can cause high error rates and low statistical
power of the study. This is not the case for the Bayesian
approach because it does not require a particular value of the
alternative hypothesis [23].

V. BAYESIAN APPROACH FOR SS DETERMINATION

The Bayesian approach is based on external and subjective
information expressed as a prior probability distribution. This
will be combined with the trial data in order to produce a
posterior probability distribution for the size of the effect. This
approach ensures that the research is reducing the uncertainty
about the effect from a level that already exists [11].

If for a study exist strong prior evidence, then even a small
trial that is in concordance with the data can be conclusive.
However, the situation changes if the research data and the
prior information are contradictory.

The Bayesian approach usually starts with a broad literature
review for gathering evidence regarding previous trials, even
including studies that are only tangential related to the search
topic. This information can then be used to construct a prior
distribution for the effect with weights allocated in relation to
pertinence, validity and precision. This first step works well
when is not applied to extreme data sets. If the quantity of data
is large, it can conduct to a time-consuming process that can
delay the research. Otherwise, the lack of information could
make probability distribution unreliable. In these extreme
cases, the Bayesian approach can still be applied by using a
non-informative prior distribution. This is, in essence, a
uniform probability distribution based on the fact that every
size of the effect is equally likely because there is no evidence
to sustain otherwise. The reason that this method is still useful
is that it enables the results to be expressed in terms of direct
probabilities within a certain range based purely on the results
from the research [11].

If applied correct the Bayesian method produces a smaller
sample than the classic methods [24], [25] which is a strong
argument in helping clinicians to make treatment decisions in
small sample trials.

VI. RESULTS

All the presented methods have advantages and
disadvantages and sometimes can be confusing for a non-
statistician.  In order to make this process easier, we
summarized all this information in Table II and propose a
simple algorithm.

TABLE II. CLASSICAL AND BAYESIAN METHODS COMPARISON
Method Advantages Disadvantages
Imitating SS from o Fast e Requires
other studies e Easy to use verifications
e Fast o s for large samples
Statistical Tables e Easy to use e Is for predefined
conditions
e Any SS e Requires some
Known formulas e Tailored for the statistical knowledge
study
e Fast e Requires some
Specialized software | ¢ Run  multiple statistical knowledge
scenarios o High cost
. e Produces  the | e Requires prior data
Bayesian approach
smaller sample

The algorithm was designed to provide useful guidelines
for a doctor facing a small sample trial. We recommend that
this should be applied from the early stages of the research
because it can provide a common ground between the medical
team and the statisticians and also can help steer the project in
the right direction.
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The proposed algorithm consists of 7 steps:

Step 1 — Establish the type of the study and based on it the
type of the error.

Step 2 — Determine the minimum difference and if the test
is one or two-tailed.

Step 3 — Search the literature for other similar studies to
have an idea about the SS.

Step 4 — Apply the known formulas for the specific
conditions of the study.

Step 5 — If the obtained result is feasible and within the
budget verify it by calculating the statistical power of the study.

Step 6 — If the study requires multiple scenarios the use of
specialized software is appropriate.

Step 7 — If Steps 5 and 6 do not produce the desired result,
apply the Bayesian method.

In the end, we would like to point out that the accuracy of
the SS depends on the accuracy of the estimated parameters.
Therefore, it is prudent to consider more than the minimum
number of individuals calculated to compensate for the loss of
precision due to estimation or other causes of errors.

VII. CONCLUSIONS

This paper presents useful guidelines to a physician for
determining the SS when facing a small sample trial. A
detailed comparison between the classical methods and the
Bayesian approach is presented and based on it a simple
algorithm for determining the optimal SS is developed. Based
on the presented evidence it can be concluded that the Bayesian
approach will produce a small sample than the classical
method, but the elaborate process that is required makes it a
valid candidate only when the classic approach is not feasible.
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