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Preface

Every professional needs to perform statistical analysis in some form of the other. In order to per-
form this task various software tools are available. Majority of them are paid software. R program-
ming which is an open source tool can be used to perform statistical analysis. Since it is an open
source tool many front end GUT’s are available to make the job easier for the user. In this book the
most popular GUI RStudio is used. RStudio is a most powerful GUI front end for R programming
which has been designed to use all the features of this language with ease. This book has been au-
thored with a novice user in mind. Various steps in statistical analysis have been explained in detail
using a large number of screenshots. Codes used have been clearly illustrated. The book has been
structured in such a manner to ensure that basic concepts have been clearly explained with the help
of screenshots before taking on challenging analytical problems.

Towards the end of the book the reader is provided with an additional resource which gives out all
the codes used in this book as well as those additional ones that have not found their place in the
book. Learning R coding is not difficult provided the reader spends time practicing the same. The
reader is encouraged to execute all the codes provided in the R_code manual which has been provid-
ed at the end of the book. R programming can be compared to that of SPSS (the popular statistical
analytical tool) as far as its ability to perform statistical analysis. One tip the author wishes to provide
to the reader who is attempting to make data entry within the RStudio environment. It is always
better to import data into RStudio for performing data analysis. Data can be imported from Excel ,
google spread sheets etc.

The reader is encouraged to download the install the software and libraries that have been described
in the book and to try them out.

Advantages of R Programming :

1. It is a powerful statistical tool

2. It is open source and hence it is free

3. It is an excellent tool that can be used to perform visual analysis of a dataset. It can created differ-
ent types of charts and graphs, thereby facilitating accurate analysis of data.

Being the first edition author invites comments from the readers. The same be mailed to:

Email
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Introduction

Ris a language and environment for statistical and graphics. This GNU project is similar to the “S” lan-
guage and environment that was developed by Bell laboratories. Even though R can be considered as

a different implementation of S, there are some important differences. Most of the code written for S runs
unaltered under R.

In 1992, Ross Thaka and Robert Gentleman created R at the University of Aukland. This was to enable the
students to use this as a statistical tool. Initial version was released in 1995. Currently it is being maintained
by the R Development Core Team.

R provides a variety of statistical (linear and non-linear modelling, classical statistical tests, time series analy-
sis, classification, clustering etc). It also provides graphical techniques and is highly extensible.

One major strength of R is the ease with which well-designed publication quality plots can be produced,
including mathematical symbols and formulae when needed.

1. Itis a free and open source tool.

2. It has a large community of users

3. It is an independent platform and can be run without a compiler.

4. Can be considered to be the Gateway for lucrative career

5. Has a robust visualization library - R comprises libraries like ggplot2, plotly that offer aesthetic graphical
plots to its users. R is recognized for its stunning visualizations which gives it an edge over Data science
programming languages.

6. Used in almost every Industry

7. Distributed computing - In distributive computing, tasks are spit between multiple processing nodes to
reduce processing time and to increase efficiency. R has packages lid ddr and multiDplyr that enable it to use

distributed computing to process large data sets.

8. Iterfacing with Databases - R contains several packages that enable it to interact with databases like ROra-
cle, Open database connectivity Protocol, Rmy SQL, etc.

9. Data Variety - R can handle a variety of structured as well as unstructured data. It also provides various
data modeling and data operation facilities due to its interaction with databases.

10. Compatible with other programming languages - Most of the functions are written in R itself, C, C++

or Fortran can be used for computationally heavy tasks. Java, NET, Python can also be used to manipulate
objects directly.
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code can be run without any compiler. It 1s an interpreted language and hence compiler 1s not need to run
the code. Calculations are done with vectors. R is actually a vector language, hence anyone can add func-
fions to a single vector without putting in a loop. R is hence powerful and faster than other languages.
Feature of R include:
L. Data inputs and data management. Data inputs such as data type, importing data and keyboard typing.
p. Data management such as data variables, operators.

Pros of R language:

L. It is the most comprehensive statistical analysis package, and new ideas often appear first in R.

. R is an open source and can be run anywhere any time.

B. It is cross platform and runs on many operating systems.

Cons of R language:

L. The quality of some packages in R is less than perfect.
. There is no customer support of R language.

The R Environment:

This is an integrated suite of software that can be used for data manipulation, calculation and graphical dis-
play. It includes:

L. An effective data handling and storage facility

. A suite of operators for calculations on arrays, in particular matrices

B. A large, coherent, integrated collection of intermediate tools for data analysis

1. Graphical facilities for data analysis and display either on-screen or on hard copy

b. A well developed, simple and effective programming language which includes conditions, loops, user de-
fined recursive functions and input and output facilities.

The term environment is intended to characterize it as a fully planned and coherent system rather than an
ncremental accretion of very specific inflexible tools.

R has been designed around a true computer language, and it allows users to add additional functionality by
defining new functions. R also has its own LaTeX like document format which is used to supply comprehen-
sive documentation both on-line in a number of formats and in hard copy.
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Features of R

Y
. Fast Cross _
/ Calculation Platform > 4
Wl i Support / |— -|

o /\\ Lots of Packages

Open source

Large Libraries

Prerequisites before learning R:

Before one jumps into R, it is highly recommended that they possess some basic knowledge of a few
topics. These include:

1. Basic understanding of statistics, mathematics, and probability.

2. General understanding of data science and the process involved.

3. Basic understanding of various types of graphs and data representation techniques.
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Unique features of R programming:

Bince there are a large number of packages are available, there are many handy features in R. They include:

—

. Its ability to perform directly on vectors and hence does not require too much looping.

T~

. It can pull data from APIs, servers, SPSS files and many other formats.

B. It is very useful for web scraping.

=

. It can perform multiple complex mathematical operations with a single command.

5. It can create attractive reports combined with plain text with code and visualizations of the results if R
markdown feature is used.

b. Since the user base is large, new ideas and technologies appear in the R community first.

[nstallation R base software:

Step I : R Base needs to be installed first. R is mainatined by an international team of developers and the
software is available in multiple languages in their webpage “The Comprehensive R Archive Network”. From
here the version appropriate to the User’s operating system can be downloaded. R is available for:

Windows operating system
Mac OS
Various flavors of linux

[nstalling R in windows is fairly simple as it comes bundled with its own installer which takes care of the
entire installation process. As the user has to do is to double click on the downloaded binary file.

Step II: The windows executable file after being downloaded is double clicked to begin the installation pro-
cess. All the user has got to do is keep clicking the next button till the confirmation screen appears saying
that the process of installation is over. If the user is using a computer that is shared by others then Install for
1l users radio button needs to be selected to make the software available to all the users using the system.
The first screen allows the user to choose the language of installation. R software is available in various com-
mon languages. It is preferable to allow the installation into the default folder created by the installer than
customizing the process of installation. Since the user will have to install an Integrated Development Envi-
Fonment (IDE) software after installing R base software it will be fairly straight forward for the IDE to use R
base software as it has been installed in to the default folder
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CRAN
1Mirrors
What's new?
Search

About R

IR Homepage
The R Journal

Software
R Sources
R Binaries
Packages
Task Views
Other

Documentation
|Manuals

FAQs
Contributed

The Comprehensive R Archive Network

Download and Install R

R:

* Download R for macOS
*» Download R for Windows

R is part of many Linux distributions, you should check with your Linux package management system in addition to the link above.

Precompiled binary distributions of the base system and contributed packages, Windows and Mac users most likely want one of these versions of

Source Code for all Platforms

compiled before you can use them. If you do not know what this means, you probably do not want to do it!

o The latest release (2022-06-23, Funny-Looking Kid) R-4.2. 1 tar.gz, read what's new in the latest version.

o Sources of R alpha and beta releases (daily snapshots, created only in time periods before a planned release).

o Daily snapshots of current patched and development versions are available here. Please read about new features and bug fixes before filing
corresponding feature requests or bug reports.

o Source code of older versions of R is available here.

o Contributed extension packages

Windows and Mac users most likely want to download the precompiled binaries listed in the upper box, not the source code. The sources have to be

Questions About R

o Ifyou have questions about R like how to download and install the software, or what the license terms are, please read our answers to
frequently asked questions before you send an email.

Image showing CRAN webpage where the various flavors of R are available for download

[Home]

Download

R Project

AboutR

Logo

Confributors

What's New?

Reporting Bugs
Conferences

Search

Get Invalved: Mailing Lists
Get Involved: Contributing
Developer Pages

R Blog

The R Project for Statistical Computing

Getting Started

Riis a free software environment for statistical computing and graphics. It compiles and runs on a wide
variety of UNIX platforms, Windows and MacOS. To download R, please choose your preferred CRAN
mirror.

If you have questions about R like how to download and install the software, or what the license terms
are, please read our answers to frequently asked questions before you send an email.

News

+ Rversion 4.2.1 (Funny-Looking Kid) has been released on 2022-06-23.
+ Rversion 4.2.0 (Vigorous Calisthenics) has been released on 2022-04-22.
+ Rversion 4.1.3 (One Push-Up) was released on 2022-03-10.

« Thanks to the organisers of useR! 2020 for a successful online conference. Recorded futorials and
talks from the conference are available on the R Cansortium YouTube channel

« You can support the R Foundation with 2 renewable subscription as a supporting member

Image showing the official R project webpage
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Select Setup Language X

Select the language to use during the

English .
| oK | Concel

In the first screen shown above the language of the
installation needs to be chosen before clicking on
the OK button

“+ Setup - R for Windows 4.2.1

Information

When you are ready to continue with Setup, dick Next.

GNU GENERAL PUBLIC LICENSE
Version 2, June 1991 I

Copyright (C) 1989, 1991 Free Software Foundation, Inc.

51 Franklin St, Fifth Floor, Boston, MA 02110-1301 USA
Everyone is permitted to copy and distribute verbatim copies
of this license document, but changing it is not allowed.

Preamble

The licenses for most software are designed to take away your
freedom to share and change . By contrast, the GNU General Public
License is intended to guarantee your freedom to share and change free
software—to make sure the software is free for all its users. This

General Public License applies to most of the Free Software
Eaiimndastian’e emfhunra amd bn sm Abhar e m) Smmre mme e b

| omes

Image showing GNU licence screen which needs to be accepted by
clicking the next button
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p - 1

Select Destination Location
Where should R for Windows 4.2.1 be installed? @

[] Setup willinstall R for Windows 4.2.1 into the following folder.

To continue, click Next. If you would like to select a different folder, dlick Browse.

M[K]m

Image showing the screen that gives the choice of destination of location to the
user. It is ideal for the user to allow the default settings by clicking on the next
button. If the system has an SSD disk installed then installation is preferred in that
disk as it would speed up the application process. If the user’s system has multiple
hard disks and one of them happens to be a SSD it is preferable to install it there.
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13




= Setup - R for Windows 4.2.1

Select Components
Which components should be installed? @

Select the components you want to install; dlear the components you do not want
to install. Click Next when you 2re ready to continue.

User installation

8 Main Files 89.7 MB
B 64-bit Files 64.5MB
8 Message translations 5.0 M8

Current selection requires at least 166.2 MB of disk space.

Image showing the screen that prompts user to select the desired components for installation. The
user should choose the Main Files, 64-bit files if desired and Message translations if needed. The

default settings is preferred and advisable. If the user wants 32 bit installation only, then 64-bit Files
can be unchecked.

*~ Setup - R for Windows 42.1 =

Startup options
Do you want to customize the startup options? @

Please specify yes or no, then dick Next.
) Yes (customized startup)
© No (accept defaults)

Image showing startup options window
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startup options:

When R is started, it will by default source a .Rprofile file if it exists. This allows the user to automatically
tweak the R settings to meed the everyday needs. The startup package extends the default R startup process
by allowing the user to put multiple startup scripts in a common "Rprofile.d" directory. If customization is
needed for startup then during installation "customize startup radio button is selected” and in the ensuing
window the customized file is pointed to enable customized startup. The user can have one file to configure
the default CRAN repository and another one to configure their personal devtools settings. The user can
plso use a "Renviron.d" directory with mulitple files defining different environmental variables like language
etc,. One file could contain the private GITHUB_pat key.

This customization is needed for advanced users who are well versed in R language scripting and advanced
computing techniques. This step is narrated not to daunt the first time user but to illustrate the extensive
customizations that are available within R environment which can be used if desired.

' Setup - R for Windows 4.2.1 = %
Select Start Menu Folder
Where should Setup place the program’s shortcuts? @

S8—  Setup will create the program’s shortcuts in the following Start Menu
O
a— folder.

To continue, click Next. If you would like to select a different folder, dlick Browse.

R Browse...

__ Don't create a Start Menu folder

Image showing the prompt screen that allows the user to select the start menu folder where R short-
cut is going to be stored. Here if the next button is clicked the defualt folder named R will be created
in startup menu folder.
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A small tip regarding the choice of installation folder in R programing installation:

[f the user desires to install this software in a company owned computer where usually C drive access is not
provided to the user as part of the company policy it is important to change the installation drive to where

the user has access to. Installation will not progress if the user does not have access to the drive where instal-
lation folder is being created.

= Setup - R for Windows 421 - - X
Select Additional Tasks
Which additional tasks should be performed? @

Select the additional tasks you would like Setup to perform while installing R for
Windows 4.2.1, then click Next.

Additional shortcuts:

[ Create a desktop shortcut

") Create a Quick Launch shortcut
Registry entries:

(8 Save version number in registry
B Associate R with .RData files

Image showing the installation screen where additional tasks can be selected during installation process.

[n the image shown above the additional tasks that needs to be performed has been selected by default. The
additional tasks already selected by default is sufficient for the installation to proceed. If the user desires to
create a quick launch short cut then that box needs to be checked. Save version number in the registry helps
in the process of identification of updates released if any. Another setting that has been chosen by default is
Associate R with .RData files. This setting which is chosen by default will ensure that R files are associated
with this software.
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= Setup - R for Windows 4.2.1 - _ N

Installing
Please wait while Setup installs R for Windows 4.2.1 on your computer, @

C:\Program Files\R\R-4.2.1\doc\htmi\katex\fonts\KaTeX_Main-Italic.woff2

Image showing the file extraction process progressing

Completing the R for Windows
4.2.1 Setup Wizard

Setup has finished installing R for Windows 4.2.1 on your
computer. The application may be launched by selecting
the installed shortouts.

Click Finish to exit Setup.

Image showing confirmation screen showing installation has been compteted success-
tully
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