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AHHOTALIMA

[ins coBpeMeHHBIX YYEHbIX CTAHOBATCA BCE Dosee BaXHbIMU KOMMETEHLMM B 00/1aCTU CTAaTUCTUHECKOW 00paboTKM AaHHbIX.
OueBMIHBIMW NpenMyLLIECTBaMM OTKPLITOrO NporpaMMHoro obecrneyeHus (open-source software) ans cratucTyeckoro aHa-
N13a ABNSIOTCSA JOCTYMHOCTb M MHOTOGYHKUMOHANBHOCTL. Hanbonee WMpoKMMM BO3MOXHOCTSMM cpeay becnnatHbix peLue-
HWW 0BN1afaloT A3bIK NPOrpaMMUPOBaHUS U COOTBETCTBYHOLLIEE NPOrpaMMHOe 0becneyeHune R, AOCTynHOe B BULE MUHUMANK-
CTMYHOO KOHCOJIbHOTO MHTEpdelica MK NOSTHOLEHHOI cpefbl pa3pabotku RStudio/Posit.

MpeanaraeM BalleMy BHUMaHUIO NPaKTUYECKOE PYKOBOACTBO MO CPABHEHMIO ABYX IPYMM C NOMOLLbI0 MHCTPYMEHTOB fi3biKa R
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KoMnbtoTepHoi ToMorpadum npu COVID-19, B KoTopoM KpaTKo 0600LLeHbl TeopeTuyecKue noaxoabl K 0bpaboTke MeanUMH-
CKUX [aHHbIX, @ TaKXKe PEKOMEHAALMM MO KOPPEKTHOWM (opMyMPOBKe 3aAay UCCef0BaHWA U BbIBopa ONTMMAasbHbIX METO-
A0B CTaTUCTUYECKOr0 aHann3a.

OcHoBHas 3ajja4a NPaKTMYECKOro PYKOBOACTBA — MO3HAKOMUTb unTaTens ¢ uHTepdencom Posit 1 6a30BbIM hyHKLMOHANOM
A3blka R Ha MpaKTMYecKoM NpuMepe peLLeHns peanbHOW MedUUMHCKOW 3ajauu. [lpeficTaBneHHbI MaTepuan MoXeT bbiTb
noseseH Ha Ha4yaslbHOM 3Tarne 0CBOEHUS CTaTUCTMYECKOr0 aHaik3a C MOMOLLb0 MHCTPYMEHTOB A3biKa R.
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Hypothesis testing using R
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ABSTRACT

Competencies in statistical data processing are becoming increasingly important for modern scientists. The apparent
advantages of open-source software for statistical analysis are its accessibility and adaptability. The programming language
and the corresponding software R, available as a minimalistic console interface or a complete development environment
RStudio/Posit, have the widest possibilities among free solutions.

We present a practical guide for comparing two groups using the software R. This study compares the effective doses of
standard computed tomography with low-dose computed tomography for COVID-19 patients. The practical guide summarizes
theoretical approaches to medical data processing and recommendations for correctly formulating research tasks and selecting
optimal statistical analysis methods.

The main goal of the practical guide is to introduce the reader to the Posit interface and the basic functionality of the R language
by using a practical example of treating a real medical problem. The presented material can be useful as an introduction to
statistical analysis using the programming language R.

Keywords: medical data, Posit, R, RStudio, statistical analysis, tutorial
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INTRODUCTION

For modern researchers, statistical data processing has
become an increasingly important competency. In 1983,
understanding two-thirds of the 760 scientific papers in the
esteemed New England Journal of Medicine only required
basic knowledge of descriptive statistics (such as percentage,
mean, and standard deviation) and one method of statistical
hypothesis testing (Student’s t-test) [1]. However, over time,
the scientific community has identified some limitations
of this approach for data analysis. In 2014, the Journal of
American Medical Association announced a special series
describing the methods of statistical analysis for clinicians.'
Currently, open access review papers are available not
only on the basic aspects of data analysis [2], but also on
the choice of an appropriate data processing method [3].
Moreover, a detailed Statistical Analysis Method in the
Biomedical Research checklist was published in 2019 [4].
However, the practical use of data analysis methods remains
a sophisticated problem if programs for its automation are
not actively developed.

Because there are many paid statistical analysis programs
and commercial services for end-to-end data processing,
open-source software has some obvious advantages, such
as accessibility and versatility [5]. The most powerful free
solution is the programming language and associated
software R [6], which is available as a minimalist console
interface [7] or as a full-fledged development environment
RStudio/Posit [8].

The aim of this paper is to present some basic operations
in R based on a real-life problem as follows: comparing the
effective dose received by patients during standard computed
tomography (CT) and low-dose computed tomography (LDCT)
for COVID-19. The relevance of this task is based on the need
to monitor radiation exposure [9], considering the increased
number of imaging studies [10] resulting in the importance of
developing [11] and clinical testing [12, 13] LDCT protocols.

Statistical analysis should include some fundamental
steps.

Setting a task and generating a null hypothesis
for the analysis

The null hypothesis is the starting point in the statistical
analysis. When comparing two groups, the null hypothesis
(H,) is generated as “no statistically significant differences.”
In our case, the effective patient doses were compared
when performing two types of CT scans (full and low
dose) for COVID-19. Therefore, the H; for this task would
state that “radiation exposure levels for CT and LDCT are
comparable.”

Vol. 4 (2) 2023
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In addition, it is necessary to consider the “alternative
hypothesis” (H,), which presents an antagonistic hypothesis
for Hy. These are meant to be mutually exclusive. In our
case, the alternative hypothesis would state that “there is a
statistically significant difference between effective radiation
doses when using CT and LDCT in patients with COVID-19.”

In statistics, testing of the null hypothesis yields the
p-value, which represents the probability of incorrectly
rejecting H,. This parameter can be interpreted as follows:
“If we repeat the experiment many times and reject the
null hypothesis, we will make a mistake in the p-value
cases of 100%.” For example, a p-value of 0.03 implies
that we incorrectly reject H, in favor of H, in 3% of cases.
A predetermined threshold helps to determine whether
this value is high or low. According to Ronald Fischer, the
threshold p-value is commonly set to 0.05 [14]. In our case,
using a threshold value of 0.05, with a p-value of 0.03, we
can confidently conclude that the compared samples are
different.

Raw data analysis

The choice of the statistical analysis method for raw data
processing depends on the type and distribution. Data can be
quantitative and qualitative.? Quantitative data characterize
the magnitude of an event or the number of objects, e.g.,
the radiation exposure in millisieverts (mSv) during a chest
CT. Qualitative or categorical data describe the association
between the studied event and a particular group, e.g.,
patient gender or KT0-4 category.

In data analysis, it is essential to test not only the main
null hypothesis, but also one more H,, which should be “data
are normally distributed.” Normal distribution is one of the
most important statistical phenomena, because it often
characterizes naturally occurring parameters, including
height, weight, shoe size, and many other population
characteristics. The normal distribution is described by two
parameters: the mean value and standard deviation. This
assumption is the basis for statistical hypothesis testing
methods.

There is no single solution for each distribution test case
for normality. X. Romdo et al. [15] compared 33 methods
and suggested optimal solutions depending on the data type.
The choice of method also depends on the size of the study
sample [16]. The Kolmogorov-Smirnov and Shapiro-Wilk
tests are the most important [17].

Null hypothesis testing for the study

For the correct choice of statistical analysis method,
we should consider not only the data type in compared
samples but also the number of compared groups and the

! JAMA guide to statistics and methods [Electronic resource]. Available from: https://jamanetwork.com/collections/44042/jama-guide-to-statistics-

and-methods.

2 Medical statistics [electronic resource]. General issues of statistics. Available from: https://medstatistic.ru/statistics/statistics3.html.
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presence of the association between them, e.g., whether
CT and LDCT data were obtained from the same or different
patients. More than 50 different statistical tests have already
been developed, and there are special online resources for
choosing the optimal method.?

In our case, samples were paired because CT and LDCT
data were obtained sequentially from the same patients. It
is recommended to use a paired Student’s t-test for normal
distribution and a Wilcoxon test for non-normal distribution.

CASE STUDY

Statistical analysis was performed using R software
package (version 4.2.2, https://cloud.r-project.org/) and Posit
interface (version 353, https://posit.co/download/rstudio-
desktop/, ex-RStudio).

1. The basic Posit interface can be divided into the console,

environment, and files (Fig. 1).

Data were imported using the File-Import Dataset. In our
case, we imported an Excel spreadsheet containing data on
the effective doses of CT and LDCT.

After import, the program interface changes; a “data”
variable is displayed in the environment block (Fig. 2). A new
area also appeared in the upper left quadrant. This is a data-
view block with the loaded table displayed. The comparison
columns in the table are named as “Effective Dose (CT)" and
“Effective Dose (LDCT).” Latin was used in the column names
to avoid problems with encoding and incorrect display of
characters in Posit.

Console
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For convenience, we created a separate variable for each
of these columns by performing the commands shown in
Fig. 3.

A “$” operator (see Fig. 3) displays a drop-down menu
of imported table columns to facilitate command entry. After
creating the variables, they are displayed in the upper right
quadrant of the interface as “values” (Fig. 4).

2. The distribution of the loaded data was checked for
normality using the Shapiro-Wilk test by the shapiro.test
command (Fig. 5).

The resulting p-values for both variables were significantly
less than the established threshold p-value of 0.05, so the
distribution of the effective dose data for both CT and LDCT
was non-normal. Therefore, the null hypothesis of this study
was tested using the Wilcoxon test.

3. For null hypothesis testing of paired quantitative samples
with non-normal data distribution, the wilcox.test
command was used (Figs. 6, 7).

The resulting p-value was significantly less than the
selected threshold p-value of 0.05; therefore, H, could be
rejected in favor of H,. This means that for CT and LDCT,
the radiation exposure levels were statistically significantly
different.

CONCLUSION

The main aim of this paper is to present the Posit
interface and basic functions of the R language using a real-
life medical case.

Environment

Files

Fig. 1. The Posit interface shows areas of the console, environment, and files.

3 Statistics online--checks assumptions, interprets results (https://www.statskingdom.com/); Medical statistics. Choice of statistical analysis method

(https://medstatistic.ru/calculators/calcchoice.html).
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Data set view Environment

Console Files

Fig. 2. The Posit interface after importing the file. In the upper-left quadrant of the screen, a window with loaded columns of the data set.
In the upper-right quadrant, the number of columns (variables) and rows (obs., observations).

Generated variable Imported table
Variable
assignment operator Column name

Variable selection operator

Fig. 3. Generating a separate variable for the effective dose of computed tomography with the functions of each command element is
indicated.

Variables

Commands for variable
assignment

Fig. 4. The Posit window after importing the file and assigning values to the variables. In the upper-right quadrant, new variables with
preview of the first five values in each. In the lower-left quadrant, a console interface for commands.
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Data distribution testing using
the Shapiro-Wilk test for CT

p-value

Data distribution testing using the
Shapiro-Wilk test for LDCT

p-value

Fig. 5. Area with Posit console interface. Testing for normal data distribution using the Shapiro-Wilk test.

Static test

Variable 1

Variable 2

Relationship between
samples

Fig. 6. Using a Wilcoxon with functions of each command element indicated.

p-value

Testing the null hypothesis
of the study using the Wilcoxon test

Fig. 7. Testing the null hypothesis of the study using the Wilcoxon test.

This paper summarizes theoretical approaches to medical
data processing as well as recommendations for generating
correct research tasks and selecting optimal methods for
statistical analysis.

The presented material can be useful in the early stages
of exploring statistical analysis methods using R language
tools.
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