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Preface 

The goal of scientific research is often to investigate a specific phenomenon or topic 
and find relationships that exist between the underlying variables or factors within 
the subject population to be able to draw conclusions. The statistical analysis is 
an important part of the scientific research, particularly in the social sciences. It 
involves the process of collecting and analyzing different data samples in order to 
identify patterns or trends that can be used to provide valuable insights into the 
research or draw conclusions. The procedure for performing the various statistical 
operations and data scrutiny is called Statistical Data Analysis. The researchers can 
use this procedure to test different hypotheses and make estimations about the studied 
populations. 

This book is written for statisticians, data analysts, programmers, researchers, 
teachers, students, professionals, and general consumers on how to perform different 
types of statistical data analysis for research purposes using the R programming 
language. R is an open-source software and object-oriented programming language 
with an integrated development environment (IDE) called RStudio for computing 
statistics and graphical displays through data manipulation, modeling, and calcu-
lation. R packages and supported libraries provide the users with a wide range of 
functions for programming and analyzing of data. Unlike many of the existing statis-
tical softwares, R has the added benefit of allowing the users to write more efficient 
codes by using command-line scripting and vectors. It has several built-in functions 
and libraries that are extensible and allow the users to define their own (customized) 
functions on how they expect the program to behave while handling the data, which 
can also be stored in the simple object system. 

For all intents and purposes, this book serves as both textbook and manual for R 
statistics, particularly in academic research, data analytics, and computer program-
ming targeted to help inform and guide the work of the R users or statisticians. It 
provides information about different types of statistical data analysis and methods, 
and the best scenarios for use of each case in R. It gives a hands-on step-by-step prac-
tical guide on how to identify and conduct the different parametric and non-parametric 
procedures vastly used in social science research. This includes a description of the 
different conditions or assumptions that are necessary for performing the various
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statistical tests, and how to understand the results of the different methods. The 
book also covers different data formats and sources, and how to test for reliability 
and validity of the available datasets used for research purposes. Different research 
experiments, case scenarios, and examples are explained in this book. It is the first 
book to provide a comprehensive description and step-by-step practical hands-on 
guide on how to carry out the different types of statistical analysis in R, particularly 
for research purposes with examples. Ranging from how to import and store datasets 
in R as objects, how to code and call the R methods and functions for manipulating 
the datasets and objects, factorization, and vectorization, to better reasoning, inter-
pretation, and storage of the results for future use, and graphical visualizations and 
representations. Thus, the congruence of Statistics and Computer programming for 
Scientific Research purposes. 

Structure and Organization 

The content of this book is organized into 13 chapters that are subdivided (classified) 
into two parts: Part I and Part II. 

The chapters in Part I—which covers Chaps. 1–6 focus on introducing the readers 
to the basic concepts of R programming and how to use data in R, particularly 
for research purposes. This includes introducing the readers to the norm of scien-
tific research and the different elements or components that form a typical research 
process. This part of the book is especially intended for readers who are new to the 
topic or require a refresher on their knowledge of the R topic or understanding of the 
different statistical methods and analysis in scientific research. The chapters in Part I 
prepare the users for easy and efficient use and application of the different statistical 
methods and analysis that are written in the remainder of chapters in Part II of the 
book. 

The chapters in Part II—which covers Chaps. 7–13 focus on the practical imple-
mentation of the different types of statistical data analysis for research using R. This 
part is meant for readers who have gained advanced knowledge of the topic, and may 
have the need for applying the various illustrated methods for their research use or 
data analysis problems. 

The content of the book has been structured in a way that it gives a hands-on 
step-by-step practical guide to the users on how to identify and conduct the different 
statistical tests and procedures for their research purpose. The users can make refer-
ences or choose to skip to the specific methods or chapters of interest based on their 
expert or individual needs. 

The following is a brief description of each of the chapters in this book:
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Part I 

Chapter 1 presents an introduction to the R programming language and RStudio 
software particularly for conducting statistical data analysis, graphical displays, 
modeling, and calculations. It covers the basic concept of R programming, and how 
the readers can be able to install and run their first R project. 

Chapter 2 explores the basic principles and concepts of data management and 
manipulation in R by discussing what are R objects, vectors, packages, and libraries, 
including graphs and data visualization methods using the RStudio IDE. It introduces 
the users to the different functions and methods for working with data in R. 

Chapter 3 introduces the readers to the main tests of data normality and relia-
bility using R. The most commonly used and frequently applied type of methods for 
research are described and illustrated in detail in this chapter. 

Chapter 4 explains the Parametric and Non-Parametric Tests for statistical data 
analysis, and the best scenarios for the use of each test. The chapter provides a guide 
for the readers on how to choose which test is most suitable for their specific research, 
including a description of the differences, advantages, and disadvantages of using 
the two types of tests. 

Chapter 5 describes what are dependent and independent variables for conducting 
research experiments. It introduces the readers to the different conditions for the use 
of the two types of variables in scientific research. The differences between the two 
variables (independent versus dependent) and examples of each use case scenario 
are also provided in this chapter. 

Chapter 6 provides the readers with information about the various types of statis-
tical data analysis methods used in scientific research and examples of best scenarios 
for the use of each method. 

Part II 

Chapter 7 introduces and explains to the readers how to run a linear and logistic 
regression analysis in R using RStudio. This statistical technique helps to estimate 
the association or dependency of the relationship between two variables. 

Chapter 8 provides the readers with guidelines on how to run the T-tests for evalu-
ating the mean of one or two groups of variables using R. The Independent samples, 
Paired sample, and One sample t-tests are explained and practically illustrated in this 
chapter. 

Chapter 9 provides detailed information on how to run the analysis of variance 
(ANOVA) test in R. This test helps to determine the mean differences that may exist 
in data samples. The One-way and Two-way ANOVA are explained and practically 
illustrated in this chapter.
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Chapter 10 explains and illustrates how to apply a Chi-squared (X2) analysis in 
R. The test is used to compare how expectations are linked with the actual observed 
experimental data. 

Chapter 11 explains and demonstrates how to analyze the effect of a variable 
over another using the “Mann-Whitney U” and “Kruskal-Wallis H” tests. These are 
non-parametric equivalents and alternatives to the Independent t-tests and ANOVA 
used for non-normally distributed dataset in the nominal or ordinal scales, otherwise 
referred to as distribution-free tests. 

Chapter 12 explains and illustrates how to conduct the three primary correla-
tional analyses in R which includes: Pearson cor, Kendall’s tau, and Spearman’s rho 
correlation tests. 

Chapter 13 explains and demonstrates how to perform the Wilcoxon test in R. This 
distribution-free test which is of two types (Signed-Rank and Sum-rank) and assumes 
that the data comes from two matched or dependent populations, are practically 
illustrated in this chapter. 

Data Availability: Link to the different example datasets used in the practical illus-
trations and statistical data analysis and computations in this book have been provided 
in the individual chapters where each of the specific datasets is used. In addition, 
the authors have uploaded the list of example datasets to the following repository: 
https://doi.org/10.6084/m9.figshare.24728073 for easy access and download for use 
and practice by the readers. 

Monterrey, Mexico Kingsley Okoye 
Samira Hosseini

https://doi.org/10.6084/m9.figshare.24728073
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Part I 
Fundamental Concepts of R Programming 
and Statistical Data Analysis in Research



Chapter 1 
Introduction to R Programming 
and RStudio Integrated Development 
Environment (IDE) 

1.1 What is R Programming Language? 

R is an open-source software or programming language for computing statistics 
and graphical displays through methods such as data manipulation, modeling, and 
calculation (Ihaka & Gentleman, 1996; Venables et al., 2020). In theory, it is a 
programming language developed by Ross Ihaka and Robert Gentleman in 1993 
(Ihaka & Gentleman, 1996), and is regarded as an implementation of the S and S-
Plus language that was originally developed at Bell Laboratories by Rick Becker, 
John Chambers and Allan Wilks (Becker et al., 1988). Practically, R packages and 
the several supported methods are available and are implemented using integrated 
developments environment (IDE) such as the RStudio (see Sect. 1.2). Technically, 
R provides a wide range of statistical and graphical techniques for programming 
and modeling: ranging from linear and nonlinear modeling techniques to statistical 
tests and analysis, predictive modeling such as clustering and classification, and time 
series analysis, etc. 

For research and data analytics purposes (see Fig. 1.1), R programming and statis-
tics (R Project, 2023) are performed and used in a series of steps that includes 
programming, transforming, discovering, modeling, and communication of the 
outputs or results (Wickham & Grolemund, 2017).

Whilst many existing statistical software, such as SAS (SAS Institute, 2023) 
and SPSS (IBM, 2022), provide the researchers or data scientists with a bounteous 
output from conducting the different statistical analyses or methods, R tends to give 
the analysts a minimal output by storing the results of the methods in an apt “object” 
for further functions or interrogations. 

Therefore, with R being an “object-oriented programming language” (Mailund, 
2017), the intermediate results are stored in objects that can be recalled, re-used, 
or manipulated by running other pre-defined functions or codes by pointing to the 
“object name”. In other terms, R is a functional and object-oriented programming
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Communicate Compute (compile and run) the codes - viewed as graph or reports 
with R Markdown or Applications to share with the scientific world. 

Model Wide array of tools and methods to capture the right tests or model 
for your data, are available 

Discover Investigate the available data, define (or refine) the hypothesis and 
methods to analyze them 

Transform Implement a collection of libraries designed specially for the primary 
purpose of statistical analysis, data analytics, or data science tasks 

Program Support sets of different clear and accessible programming tools and 
packages that can be used to compute and manipulate data 

Fig. 1.1 Conceptual overview of steps to using R programming for statistical data analysis in 
research

used to analyze datasets by running mathematical simulations, rearranging complex 
datasets into simpler and more useful formats and functions, etc. (Matloff, 2011). 

Among the many benefits of R in comparison to the other statistical tools and 
software includes (Douglas et al., 2020; Matloff, 2011): 

1. The capacity to write more efficient code using parallel method or vectorization, 
because of its programmable integrated environment that uses command-line 
scripting. 

2. The capability to define and customize the functions or codes (e.g., how the 
analysts expect the resultant models to behave) upon handling of the data. R has 
several built-in functions and libraries that are extendable (extensible) and allow 
the users to define their own (customized) functions or methods that can be stored 
in the simple object system. 

3. The capability to create artful (illustrative) graphs to visualize or have a 
conceptual overview of complex data characteristics and functions. 

4. The capacity to interface R language with other programs or softwares (e.g., C/ 
C++, Tableau, Python) for improved and better functionality or speed of data 
analysis. 

5. The capacity to find different packages that can be used to perform image manip-
ulation, textual data analysis or natural language processing, machine learning 
and classifications, etc. 

6. Troubleshooting of bugs (code) with an advanced level of debugging perfor-
mance. 

Other advantages of using R particularly as it concerns its technicality or 
conducting the different statistical data analysis discussed in this book, include 
(Venables et al., 2020):
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• It is built on a well-developed, simple, and effective programming language called 
“S and S-Plus” that supports user-defined recursive functions and conditionals 
loops.

• It consists of an effective data handling and storage facility with a wide range 
of coherent and integrated collections of intermediate tools (packages) and suite 
operators for statistical data analysis and calculating arrays and matrices.

• It supports different graphical facilities or functions for data manipulation and 
displays, either directly on the computer screen or storage as soft copy and hard 
copy on the machine. 

However, just like every other programming language, aside from the statistical 
power of the software, R has its own sets of limitations. R can be daunting for first-
time users and people who do not have prior programming knowledge or experience 
may find it difficult to use the software. Not necessarily because it is more difficult 
than other programming languages, but because the syntax is different from that of the 
many other existing languages. Also, R-supported methods or algorithms are spread 
across different packages, and in consequence, users with no prior knowledge of some 
of the packages might find it hard to implement the specific methods or algorithms. 
Thus, the authors has provided in the first part (PART I) of the book, the fundamental 
concepts of the R programming and statistical data analysis to guide the work of 
the readers. In addition, R commands give minimal consideration to the computer 
memory and management and use a lot of the computer physical memory to store 
the results of the methods as objects, which may be different from some of the other 
programming languages like Python (Python Software Foundation, 2023). Thus, it 
uses more computational power and memory. But, R is a continuously evolving 
language with newer versions and functionalities being developed, and therefore, 
much of the limitations will eventually fade away with fresher versions and future 
updates. 

1.2 RStudio Integrated Development Environment (IDE) 

RStudio is a “friendly front end to R language”. It allows the researchers and data 
scientists to practically implement the R packages, methods, and run the several lines 
of codes. By definition, “RStudio” is an Integrated development environment (IDE) 
designed to help researchers and analysts to be more efficient and productive with R 
(Rstudio, 2023). Typically, RStudio consists of a console, syntax-highlighting editor 
for direct code execution, and several sophisticated tools and functions for viewing 
the data history, visualization, troubleshooting of codes, and managing of the project 
workspace as the authors discuss more in detail later in this chapter. 

Just like R programming language, RStudio is free and open source (Rstudio, 
2023). Its graphical user interface (GUI) is logically systematized in a way that 
allows the users to clearly view the data tables and graphs, the source codes, and 
output/results of the codes, simultaneously.
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The RStudio IDE offers the users with Import-Wizard features for importing 
files of different formats into the environment, e.g., comma-separated values (*.csv), 
Excel (*.xlsl), SAS (*.sas), SPSS (*.sav), and Stata (*.dta) file formats without having 
to write the codes. Also, just like many of the existing IDEs or GUIs that are used 
to execute different programming languages, RStudio has windows with multiple 
tabs, drop-down menus, and many customization options. And, it is available for 
Windows, Macintosh, and Linux operating systems (OS) (Rstudio, 2023). 

Among the many features and functionalities of RStudio IDE includes:

• a window that allows the user to write codes and view the results in real time.
• navigate through the files on the local machine or computer.
• check the details and history of the imported/analyzed data and variables.
• visualization of the results and plots (graphs, models) that are generated. 

The RStudio IDE can also be used for developing packages, modeling and writing 
of executable applications, and natural language and machine learning techniques, 
etc. 

It is important when working with R to know the difference between the “R 
language” and “RStudio” as covered already in this chapter (see Sects. 1.1 and 1.2). 
It is noteworthy, to always keep in mind that while “R” is a programming language 
that can practically be used to statistically compute and manipulate the different 
variables (data) and models. On the other hand, “RStudio” makes use of R language 
to develop and show the statistical programs/outputs. Thus, “RStudio allows the 
users to develop and edit programs using R”. Interestingly, R can be used without 
RStudio, but RStudio cannot be used without R. The user or researcher must first 
install R before they can install RStudio on their computer, as the authors cover in 
the next section of this chapter. 

1.3 Installing and Configuring R and RStudio Software 

This section of the chapter covers the different steps on how to download, install, 
and configure R and RStudio before using it for statistical data analysis or research 
purpose. 

1.3.1 Downloading and Installing R Language 

Installing R on the computer is very simple and easy. All the user need is to know 
which operating system (OS) they are using so that they can download the right 
software for installation on the computer system. 

The official site for downloading the R free software is via the following link: 
https://www.r-project.org/.

https://www.r-project.org/
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Fig. 1.2 Downloading R software 

When you visit the site, you will find different binary files for the different types of 
operating systems (OS) that the R software support, particularly the most common: 
Windows, Mac OS, and Linux. The latest versions of Linux distributions come 
with R by default. But for Windows and Mac OS, the user will need to download 
and install the software as follows: 

Go to https://www.r-project.org/ by entering the URL on the web browser and 
click on “download R” as shown in Fig. 1.2. 

When the user selects “download R”, they will be automatically directed to 
another page where they will be asked to select the Country from which they will 
be using R software, or yet the closest location to you if the country of location is not 
listed on the site. Navigate to the country of choice and click on any of the CRAN 
links under the country to proceed with the download process. CRAN is a network 
of ftp (file transfer protocol) and web servers around the world that store identical, 
up-to-date, versions of code and documentation for R. 

For example, as shown in Fig. 1.3, the user can navigate to Mexico (e.g., the 
authors of this book are affiliated with the country at the time of writing this book) 
and select https://cran.itam.mx/ to proceed with the downloading process. ***Note, 
it is recommended to always choose the closest CRAN link to you upon downloading 
the R software.

When the user clicks on the R CRAN binary distribution of their choice, they will 
be directed to a page where they can download the right version of R for the specific 
operating system (OS) they are using on the computer (see Fig. 1.4).

For example, as shown in Fig. 1.5 (or step 5), when the users click on Download 
R for (Mac) OS X, they will be directed to where they can then download the latest

https://www.r-project.org/
https://cran.itam.mx/
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Fig. 1.3 Country of location and nearest CRAN network for R download

Fig. 1.4 Downloading the right version of R for your operating system (OS)

version of R for Mac OS X. Same applies to the other types of operating systems 
(OS) such as Windows, if you are using the Windows operating system.

When the user clicks on the download link, the executable program (i.e., installa-
tion file) will be automatically downloaded on the computer. Navigate to the location 
where the downloaded file is stored on the computer and install it as every other 
application program, e.g., by double-clicking on the downloaded file. When you
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Fig. 1.5 Downloading the latest release of R for your operating system (OS)

double-click on the file, you will get a pop-up window as shown in Fig. 1.6a. Follow 
the steps illustrated in the figures (Fig. 1.6a, b, and c) by Clicking on Continue until 
you see the window that says you have successfully installed R software.

1.3.2 Downloading and Installing RStudio Software 

The next step after installing R on your computer, is to download and install the 
RStudio IDE that allows the users to use R. 

The official site for downloading the RStudio free software is via the following 
link: https://rstudio.com/ or https://posit.co/. 

As shown in Fig. 1.7, when you visit the RStudio website, you will find the down-
load link where the user can download the latest version of RStudio for their computer 
operating system (OS). ***Note that all the companies update their websites every 
now and then, and therefore, it may be likely that you find a different front-end 
display different from the one in Fig. 1.7, which the company uses at the time of 
writing this book. If you happen to find an updated website depending on when the 
reader is reading or using this book guide, just simply find where the download link 
is located on the website and follow the same steps or procedure discussed in this 
current chapter.

Click on the  “DOWNLOAD” menu (Fig. 1.7), and you will be directed to a page 
where you can download the RStudio software. Select the “Download” link for the 
“free version of RStudio Desktop” as shown in Fig. 1.8. Again, it is important to 
note that the web display is based on the time of writing this book. As you can see 
in the figure (Fig. 1.8), there are also paid versions of the software, but those are not 
covered in this topic.

https://rstudio.com/
https://posit.co/
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Fig. 1.6 a Installing R on the computer or local machine (step 1). b Installing R on the computer 
or local machine (step 2). c Successfully installing R on the computer or local machine (step 3)
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Fig. 1.6 (continued)

Fig. 1.7 Downloading RStudio software

When you have selected the free version of the software, then select the “right 
version of the Installer for your Operating System (OS)” as shown in Fig. 1.9.

For instance, as shown in Fig. 1.9, when the user clicks on the download link 
for the file “RStudio.dmg” (which is for the MacOS latest version at the time of 
writing this book), the executable program (Installer) will be automatically down-
loaded on the computer system. Navigate to the location where the downloaded 
(Installer program) file is stored on your computer or local machine, and install it as 
every other application program, e.g., by double-clicking on the downloaded file. 

When you double-click or run the file, you will get a pop-up window as shown in 
Fig. 1.10.
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Fig. 1.8 Downloading free version of RStudio software

Fig. 1.9 Downloading the right version of RStudio for your operating system (OS)
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Fig. 1.10 Installing RStudio on your computer (e.g., for MacOS) 

As illustrated in the figure (Fig. 1.10), same installation process applies to other 
types of OS (operating system) such as Windows if you are using the Windows OS. 
Double-click the Installation file to start up the executable file (Installer program). 
Then, click on Continue until you see the window that says you have successfully 
installed the RStudio software. 

Once you have completed the installation process, start the RStudio IDE by 
either opening the application from the list of programs on your computer or clicking 
on the desktop shortcut icon. You will be presented with a Window as shown in 
Fig. 1.11.

Congratulations! You are now set to run and execute your first R project in RStudio. 
Welcome to using R programming for statistical data analysis in research covered as 
the main objective of this book. 

The first time the users open RStudio, they will be presented with three windows 
by default, i.e., Window-1, Window-2, and Window-3 (see Fig. 1.11). The fourth 
window (Window-4) is hidden by default and is only displayed when the user 
executes a program or run a command, but the users can also open it by selecting the 
“File” drop-down menu, then New File, and then R Script or simply by importing 
a dataset into the environment, which the authors will cover in detail in the next 
section (Sect. 1.4) and chapter (Chap. 2) of this book. 

In Table 1.1, the authors outline the description and functions of the different tabs 
(component) of the R window or integrated development environment (IDE) (see 
Windows 1, 2, 3, and 4 in Fig. 1.11).
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Fig. 1.11 RStudio integrated development environment (IDE)

1.4 Running Your First R Project in R Using RStudio 

In this section of the chapter, the authors introduces to the readers steps on how to 
create or start an R Project in RStudio. RStudio Projects make it easier and straight-
forward for the users to distribute their work into different categories or contexts, with 
each having their own working directory in the workspace including the history and 
source code documents. It is important to keep in mind that R projects are associated 
with a “working directory” where the users can save their new or running projects, 
and also retrieve existing projects. 

Users can create an RStudio project in either a (i) brand-new directory, (ii) an 
existing directory where they already have R code and data, (iii) or by cloning a 
version control repository, e.g., from Git, GitHub or Subversion (see Fig. 1.13). 

To create a new R Project in RStudio, start RStudio (see description in the 
previous section—Sect. 1.3). Once you are logged in and have the RStudio window 
open (see Fig. 1.11), click on the “File” menu at the top left corner of the RStudio 
window and select the “New Project” button as shown in Fig. 1.12. You will be 
presented with a pop-up window as shown in Fig. 1.13.

Select the “New Directory” option and fill in the pop-up with your chosen 
preferred project_directory_name by following the steps illustrated in Figs. 1.14 
and 1.15.
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Table 1.1 Description of function of the different tabs (component) of R window (IDE) 

RStudio window Component/ 
menu 

Description/function 

Window-1 
(console) 

Console tab Results/output of the executed codes are displayed (printed) 
here. Also, further commands can be entered via the window 

Terminal tab Command line system that allows the user to quickly control 
or access the operating system and make changes 

Jobs tab Contains a list of open job(s) the system has currently 
running or pending in R 

Window-2 
(file explorer) 

Files tab File Explorer that allows the user to access the different files 
and folders stored on the hard drive (C: drive) 

Plots tab Plots/graphs visualizations are displayed (outputted) at this 
location 

Packages tab Contains a list of packages (libraries) that are installed in R 
on your system. Users can also install new packages or 
update the existing ones through the tab 

Help tab Search window for help on different R topics, functions, or 
packages, and output location for the help commands 

Viewer tab Advanced tab for local web content 

Window-3 
(file environment 
or history tab, 
e.g., objects, 
data) 

Environment 
tab 

Shows the list of interactive R objects that are loaded in the 
IDE 

History tab Contains a list of key codes that are entered and executed 
unto the Console 

Connection 
tab 

Tab through which the user can connect R to other external/ 
existing data sources or database 

Tutorial tab Location where users can access different tutorials and learn 
about the several R functions, data types/variables, and 
commands 

Window-4 
(code editor) 

Source/code 
tabs 

A built-in text editor where the user enters the codes and 
commands, and can also find the shortcuts to run and save 
the commands/codes

When finished click the “Create Project” button and you’re done! Congratula-
tions once more! You have created your new project in R. 

With the window and a console open, for instance, the authors named our project 
“MyFirstR_Project” in the directory as shown in Fig. 1.16, we are ready to run the 
R script, therein we can code and run the programs.

To create a “new R script” and run your new/written codes, select the “File” 
drop-down menu, then “New File”, and then “R Script” as shown in Fig. 1.17.

You will be presented with a new working window or editor where you can start 
writing your code (see Fig. 1.18).

Now let’s run some simple lines of code. As shown in Fig. 1.19 (see Steps 1 
and 2), write the example codes from Line 1 to Line 4 in the Editor and execute the 
codes using the “Run” button (see Fig. 1.19). Example R code: Line 1: x <- 3 + 5
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Fig. 1.12 Creating a new project in RStudio 

Fig. 1.13 New project wizard pop-up window
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Fig. 1.14 Selecting the project type 

Fig. 1.15 Creating a new R project and directory name

Line 2: x Line 3: print(x) Line 4: print(“I am ready to work with data in R and start 
conducting the different statistical analysis for my research”)

*Remember, start from Line 1 (e.g., by clicking anywhere in the line) before 
running the codes, or alternatively, follow the steps illustrated in Fig. 1.20 to run 
(execute) all the codes at once.


