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Abstract

Objective: In this study, it is aimed to develop a new user-friendly web-based software in order to easily
carry out the use of permutation tests that can overcome the difficulties of use due to the restrictions in the
usage phases of parametric and nonparametric tests and can be used as an alternative to these tests.
Methods: Shiny, an R package, was used to develop the "permutation tests" software. In the developed
software, by selecting “the Specify Sample Number” tab, the number of samples presented as “Single”,
“Two” and “More than two” options is selected and analyzes are made by selecting the appropriate data set
from the file upload menu.

Results: The data set called “dietstudy” was used to examine the work of the developed web-based software
and to evaluate its outputs. “Two Independent Sample Permutation Tests” were selected and analyzed to see
whether there was a difference between the variables in terms of gender. According to the results, no
statistically significant difference was found for the triglyceride levels Triglyceride, 1st interim triglyceride,
2nd interim triglyceride, 3rd interim triglyceride ve Final triglyceride in terms of gender, but a statistically
significant difference was obtained in terms of Weight, 1st interim weight, 2nd interim weight, 3rd interim
weight ve Final weight variables.

Conclusion: The "permutation tests" software developed is a new user-friendly web-based software that can
be used to easily perform permutation tests that can be used as an alternative to the preferred parametric and
non-parametric tests.
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A web-based software developed for permutation tests

Introduction

Statistical hypothesis tests are used in order to
reach the results suitable for the purpose determined
by making statistical inferences with the data
obtained as a result of the studies. Statistical tests
used to analyze the data can be classified as
parametric and nonparametric tests according to the
structure of the data, the type of scale, the form of the
distribution and the hypothesis to be tested.
Parametric tests are methods based on certain
hypothetical population distribution and some
parameters such as mean, a standard deviation that
determine this distribution. Nonparametric tests are
generally based on more basic estimations such as
expected-observed value differences, sequence and
sequence differences, independent of population
distribution (Buskirk, Willoughby and Tomazic
2013). Statistical power and effect size of parametric
tests are higher than nonparametric tests (Kartal
2010). For this reason, researchers tend to choose and
apply parametric tests rather than non-parametric
tests in the selection of tests (Shapiro and Wilk 1965).
Parametric tests contain some assumptions since they
are developed according to a known distribution and
some parameters. Some of these assumptions show
that the universes from which the samples are taken
have a normal distribution and the variance of the
universe is homogeneous. (Alpar 2013). Neglecting
assumptions for these tests can cause test results to be
inaccurate and misleading. In such cases, it is ensured
that the data set is made to meet the assumptions by
making necessary arrangements (for example, using
data conversion methods if it is not normally
distributed). Use of non-parametric tests is preferred
if assumptions are not met in spite of the procedures
(Field 2013). In non-parametric tests, operations can
generally be performed by considering the ordinal
numbers. Therefore, the use of permutation tests
which can be used in place of both parametric and
nonparametric tests provides different advantages.
Because, as in parametric tests, it does not require any
assumption about sample distribution. In addition,
permutation tests use the actual values of the data, not
the ordinal numbers of the data, as in nonparametric
tests. When compared in terms of test results, it is
reported that permutation tests are close to parametric
tests, sometimes they give better results, and often
they are better than non-parametric tests (Good
2006).

Although the use of the permutation method was
first proposed at the beginning of the twentieth
century, it has become more preferred in recent years
with the elimination of the difficulty in calculations
with the development and wuse of computer

technology (Good 2006). Permutation tests have been
preferred nowadays due to the limitations in the use
of parametric and nonparametric tests (Ludbrook and
Dudley 1998). For this reason, it is aimed to develop
a new easy-to-use web-based software to carry out the
use of permutation tests that can be used to avoid
restrictions.

Methods

In order to examine the working principle of the
web-based software and evaluate its outputs, the data
set called dietstudy was obtained from the link
https://www.ibm.com/support/knowledgecenter/ko/S
SLVMB_23.0.0/spss/tutorials/data_files.ntml.  This
data set contains the results of a study of the "Stillman
diet". In the data set, age, sex variables and weights
of individuals before and after the diet were given in
weight and triglyceride levels were given in mg/ 100
ml.

Permutation test

Although the permutation test method was first
introduced and proposed in the early 20th century, it
has been used more and more recently with the
elimination of the difficulty in calculations due to the
development of computer technology (Good 2006).
Permutation tests are increasingly common tests to
perform certain types of statistical analysis. As with
other known parametric and non-parametric tests,
permutation tests do not rely on assumptions about
the distribution of data and are therefore considered
non-parametric tests (Mangiafico 2016).

Permutation tests have certain advantages over
parametric and non-parametric tests for ease of use
(Ludbrook and Dudley 1998). Permutation tests do
not require some assumptions as in parametric tests.
For example, the assumption about the distribution of
samples which is one of the parametric test
assumptions does not exist in the permutation tests.
Similarly, non-parametric tests are generally
performed with the ordinal numbers of data, and in
permutation tests operations are performed using the
actual values, not the ordinal numbers of the data.
Permutation tests give results that are close to
parametric test results, but often give better results
when it comes to non-parametric test results. For
these reasons, the permutation test method can be
used instead of all parametric and non-parametric test
methods (Good 2006).

Developed web-based software

To create this web-based application, the Shiny
library, which allows the design of interactive web-
based applications, is used (Chang et al. 2017). The
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main and sub-menus created to use the software are
described below.

File upload

In the analysis to be made with this application,
the first step is loading the file containing the data set.
Data analysis is done by loading MS Excel (.xIs /
XlIsx) and SPSS (.sav) file types, which have different
extensions and are widely used. In addition, this menu
contains the Specify the type and role of the variables
tab that will allow you to specify the type and role of
the variables in the loaded file. In addition, this menu
contains the "Specify the Type and Role of Variables"
tab, which will allow you to specify the type and role
of the variables in the uploaded file. This process is
necessary for the analysis and the roles of the
variables should be determined.

Permutation tests

In this menu of web-based applications, the
number of samples should be selected in order to
decide the test to be used. When the permutation tests
menu is opened, the number of samples presented
with the option “One”, “Two” and " More than Two"
is selected from the ” Number of Sample” tab. In this
tab, "One Sample Permutation Tests" for "Single"
number of sample, "Two Independent Sample
Permutation Tests" and "Two Dependent Sample
Permutation Tests" for "Two" number of sample and

Table 1. Descriptive statistics table of variables

"More Than Two independent Sample Permutation
Tests" and "More than Two Dependent Sample
Permutation Tests" for "More than Two" number of
sample tabs are opened. The number of samples
appropriate to the loaded data set is determined and
analyzes are performed with appropriate test
selections. Figure 1 shows the “Permutation Tests”
menu.

Orneklem Sayisi

Tek
Iki

Ikiden Fazla

Figure 1. “Permutation Tests” menii

Results

In order to examine the working principle of the
developed web-based software and evaluate its
outputs, the data set called dietstudy was used. A
descriptive statistics table related to the data set is
given in table 1.

First, the data set is loaded into the software.
Images of the data set uploaded to the software are
shown in Figure 2.

Variables Variable Type Mean+Standart deviation

Triglyceride Numerical 138,44429,040
1st interim triglyceride Numerical 124,56+25,126
2nd interim triglyceride Numerical 124,38+21,854
3rd interim triglyceride Numerical 118,81+33,255
Final triglyceride Numerical 124,38429,412
Weight Numerical 198,38+33,472
1st interim weight Numerical 196,13+33,669
2nd interim weight Numerical 194,13+33,498
3rd interim weight Numerical 192,13433,915
Final weight Numerical 190,31+33,508

Age in years Numerical 54,69+6,916

Then, with the “Permutation Tests” tab, the
appropriate test selection is made according to the
purpose of the study and the data set. “Two
Independent Sample Permutation Tests” were
selected in order to see whether there was a difference
between the variables in terms of gender and the
analyzes were performed. Figure 3 shows the images
for a variable belonging to the results of “Two
Independent Samples Permutation Tests”.

According to these results, no statistically
significant difference was found for Triglyceride, 1st
interim triglyceride, 2nd interim triglyceride, 3rd

interim triglyceride and Final triglyceride variables.
A significant difference was obtained in terms of
weight, 1st interim weight, 2nd interim weight, 3rd
interim weight, and Final weight variables.
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Figure 2. The images of the uploaded file.
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Figure 3. “Two Independent Sample Permutation Tests” result

Discussion

In this study, it is aimed to develop a user-friendly
web-based software to easily carry out the use of
permutation tests in order to overcome the usage
difficulties due to the restrictions in the use of
parametric and non-parametric tests which are
generally preferred tests. Parametric tests are methods
based on a certain hypothetical population
distribution and some parameters such as mean,
standard deviation that determine this distribution.
Nonparametric tests are generally based on more
basic estimations such as expected-observed value
differences, sequence and sequence differences,
provided that they are independent of population
distribution (Buskirk et al. 2013). Since parametric
tests are developed based on a certain distribution and
parameters, they contain some assumptions that are
defined based on these limitations (Alpar 2013). The

use of parametric tests depends on the fulfillment of
these assumptions. Nonparametric tests perform
operations by using sequence numbers of data (Good
2006). Due to such similar restrictions and conditions,
it is advantageous to use permutation tests that can be
used in place of the proposed parametric and
nonparametric tests at the beginning of the 20th
century. (Ludbrook and Dudley 1998). Because it
does not require any assumption about sample
distribution which is one of the parametric test
assumptions. In addition, as in non-parametric tests,
the data is processed using real values, not sequence
numbers (Good 2006). Therefore, a user-friendly web
software has been developed in which researchers can
easily access permutation tests and interpret their
results easily.

IBM SPSS Statistics (Corp 2017), Minitab
(Minitab 2000), MedCalc (Schoonjans et al. 1995),
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Stata (StataCorp 2007), which are known package
programs, do not have a module to allow the
application of permutation tests. Using web-based
software developed in this study, comparisons of
permutation tests can be done easily by loading the
data set and interpretation can be obtained for
statistical significance.

The developed software in accordance with the
number and structure of the sample includes Single
Sample Permutation Tests, Two Independent Sample
Permutation Tests, Two Dependent Sample
Permutation Tests, More Than Two Independent
Sample Permutation Tests, and More than Two
Dependent Sample Permutation Tests. The software
provides test results, descriptive statistics of variables
and graphs of variables.

In addition, the data set called diet study was used
in order to examine the working principle of the web-
based software developed in this study and to
evaluate its outputs. According to the results obtained
by using “Two Independent Sample Permutation
Tests in order to see whether there is a difference
between the variables in terms of gender, no
statistically significant difference was found for
Triglyceride, 1st interim triglyceride, 2nd interim
triglyceride, 3rd interim triglyceride and Final
triglyceride variables in terms of gender. However, a
significant difference was obtained in terms of
Weight, 1st interim weight, 2nd interim weight, 3rd
interim weight and Final weight

Conclusion

Permutation tests have been preferred nowadays
due to the limitations in the use of parametric and
nonparametric tests (Ludbrook and Dudley 1998).
For this reason, a new user-friendly web-based
software has been presented to users in order to
realize the use of permutation tests that are used as an
alternative to parametric and nonparametric tests.
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