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Preface

'The creation of this book has been for me, Mike McGrath, an exciting personal journey in
discovering how the R programming language can be used today for data analysis and the
production of beautiful data visualizations. Example code listed in this book describes how to
produce R Scripts in easy steps — and the screenshots illustrate the actual results. I sincerely
hope you enjoy discovering the exciting possibilities of R programming and have as much fun
with it as I did in writing this book.

In order to clarify the code listed in the steps given in each example I have adopted certain
colorization conventions. Components and keywords of the R programming language are
colored blue, programmer-specified names are colored red, literal numeric values and literal
character string values are colored black, and comments are colored green, like this:

# Write the traditional greeting.
greeting = “Hello World!"”
print( greeting )

Additionally, non-literal values are colored gray like this: color="Red"”

In order to readily identify each source code file described in the steps a file icon and file name
appears in the margin alongside the steps:

(S

=}

Script.R

For convenience I have placed source code files from the examples featured in this book into a
single ZIP archive. You can obtain the complete archive by following these easy steps:

Browse to www.ineasysteps.com then navigate to Free Resources and choose the
Downloads section

Find R for Data Analysis in easy steps in the list, then click on the hyperlink entitled
All Code Examples to download the archive

Next, extract the “MyRScripts” folder to a convenient location on your system

Now, follow the steps to call upon the R program interpreter and see the output



a Getting started

Welcome to the exciting Understanding data
world of R programming. Installing R
This chapter describes how Installing RStudio
to set up an R environment Exploring RStudio

and demonstrates how to Settlng preferences

create a first R program. Creating an R Scrlpt
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This illustration depicts
only some of the many
data types that can be
reported for analysis.

L \
i‘u et tY
h—
Around 13 billion devices
are connected to the
internet today. This is

predicted to grow to 50
billion by 2020.

Understanding data

The term “data” refers to items of information that describe a
(qualitative) status or a (quantitative) measure of magnitude.
Various types of data is collected from a huge range of sources
and reported for analysis to reveal pattern and trend insights:

Geographical

=\=

Transport

Cultural

Scientific

Natural

Meteorological Financial

Statistical

Data is increasingly being collected by devices that are able to
report measurements for analysis via the internet (“The Cloud”).
For example, devices that have temperature and humidity sensors
can report measurements for instant analysis of climate conditions.
The recent rapid decline in the cost of device sensors has given
rise to the “Internet of Things” (IoT) that can easily and cheaply
report vast amounts of data — this is often referred to as “big
data”. Big data consists of extremely large data sets that can best
be analyzed by computer to reveal pattern and trend insights.



...cont’d

Data analysis (a.k.a. “data analytics”) is the practice of converting
collected data into information that is useful for decision-making.
The collected “raw” data will, however, typically undergo two
initial procedures before it can be explored for insights:

® Data processing — the raw data must be organized into a
structured format. For example, it may be arranged into rows
and columns in a table format for use in a spreadsheet.

® Data cleaning — the organized data must be stripped of
incomplete, duplicated, and erroneous items. For, example, by
the removal of duplicated rows in a spreadsheet.

After the data has been processed and cleaned it can be explored
to discover its main characteristics. This may require further

data cleaning to refine the data to specific areas of interest, or
may require additional data to better understand its messages.
Descriptive statistics, such as average values, might be calculated
to understand the data. Algorithms might be used to identify
associations within the data. Data visualization might also be used
to produce a graphical representation of the data for examination.

After the data has been analyzed, the results can be communicated
using data visualization to present tables, plots, or charts that
clearly and efficiently convey the key messages within the data.
Tables provide information in which the user can look up a specific
number, whereas plots and charts provide information in a way
that encourages the eye to make comparisons.

“R” is an interpreted programming language and software
environment that is widely used for data analysis and visualization.
The “RStudio” Integrated Development Environment (IDE) is
often used with R, as RStudio provides a code editor, debugging
features, and visualization tools that make R easier to use. The
popularity of R has grown rapidly in recent years as the increase
in big data has made data analysis more important than ever.

'The R programming software and RStudio IDE are both available
tor Windows, Linux, and macOS operating systems, and both are
used throughout this book to demonstrate R for data analysis.

N

“,ngt'ﬂ“
“Data Science” is the
study of how data can
be turned into a valuable
resource.

N

wot owe

"Data Mining” is the
process of searching
large data sets to
identify patterns.

N

wot owe
| —

“Data Product” is digital
information that can be
purchased.
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Installing R

The R programming language and software environment is freely
available open source software that you can install onto your

computer from the Comprehensive R Archive Network (CRAN):

0 Open a web browser and visit cran.r-project.org

_ Select the link appropriate for your computer operating
lf. you are having . system. For example, click Download R for Windows
difficulty downloading R
click the CRAN Mirrors
link at cran.r-project.org

then choose a Seryef Precompiled binary distributions of the base system and contributed packages,
near to your location. Windows and Mac users most likely want one of these versions of R

pownload and Install R

* Download R for Limix
* Dovmload B for (Mac) 05 X
* Doumnload B for Windows

R is part of many Limux distributions, you should check with your Linux
package management svstem in addition wo the link above,

e Next, select the link for the base R distribution

R for Windows
Subdirectonss:
Binaries for base dismbunecn. This 1s what you want to

install %W the first time.

° Now, select the link to download the R installer

hase

R-3.4.3 for Windows (32/64 bit)
Download R 3.4.3 for Windows {75 megabytes, 3264 bit)

o fere®t Installation and other instructions
— Hew features in this version
You can click the link for
Installation and other

instructions for more When the download has completed, run the installer to
help with installation. open the R Setup Wizard and click the Next button

Read the License information, then click the Next
button to continue



...cont'd

Accept the suggested installation location, then click the
Next button to continue

e AU R

Choose to install
Core Files and 32-bit

Files for a 32-bit DT )
machine, or choose o e i

to install Core Files— |7 Bemm -
and 64-bit Files /

for a 64-bit machine,

then click the Next

button to continue

] P sy i vl Pl . B e s o el

v s R g . et D Y i

Choose No (accept defaults) to not customize startup
options, then click the Next button to continue

Enter a name for a Start Menu folder (such as “R”), then
click the Next button to continue

Choose additional tasks (such as Create a desktop icon),
then click the Next button to begin the installation

When installation has
completed, launch the R
environment from the Start
Menu folder you named

® 660

Be D e oo Becoge Rindews Heip
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B warsics 4.5 (2017-11-30F — "Kits-Estisg Tres=

Coppieighe () 2017 The L Poussarise faz Sraeistssal Soopurisg

FIATEOTmS ERH_G4-wid-masquilimid (44-Bat)

R is f=ed sofvdard asd cobes winh ABAGLITELY B0 EARRASTT.
Tve aie weloome o SRALARIIENLE 1T SAdel CRITERN CONSATLONA-
Type 'licesse il oF “licence(}' far dissmibocicm decails,

B obe 5 PeLIsbarative PEOIAWE SLER MRAY SEANELISNES.
Tree 'coRtrAbutors (17 OoF wope anfommacica snd
TEIEAELEA(]" S5 BaaF B8 fime R 4T K DACHLORE 1R Puhlliss

Tyee 'demcll' Cor soms demce, ‘helpil’
'SRLE.AEREE(] . ESE &L HTHL BS
Type 'qi) " oo Fait

en-iioe help. o5
F EanmSrASE B Ewlp.

LN

You can find the System
Type on Windows by
pressing WinKey + R
then entering msinfo32.

LN

You can install Message
translations for error
messages, warning
messages, and menu
labels in languages
other than English.

LN

You can type expressions
in the R Console

to see their result

— but the RStudio

IDE is a much more
effective programming
environment.



Installing RStudio
L 'The RStudio IDE has a freely available open source edition that
e St u d Id you can install onto your computer from the RStudio website:

0 Open a web browser and visit the RStudio downloads
page at rstudio.com/products/rstudio/download

Getting started

The RStudio software
is available in Desktop

and Server versions with

Open Source Licenses 9 Scroll down the page and select the Installer download
and Commercial Licenses link appropriate for your computer operating system. For
for each version - be example, click the edition for Windows Vista/7/8/10

sure to download the
Desktop version with the

Open Source License to di e
try the examples in this 951'” 10 studiorconf  Products
book for free. RStudio Dasktop 1.1,383 — fs/sase [lotes

RStudio requires R 3.0.1+. If vou don't already have R, download it here

Installers for Supported Platforms

sEabliesy =]

When the download has completed, run the installer to
open the RStudio Setup Wizard — then click Next

—
You must have R
installed before you
install RStudio. See pages
10-11 for the R software st st o, Ch | e e
installation procedure.

Chuos irnelall Location
Chaose the flder in which 1 instell RSaudia.

Space requared: 80,8
Space sroalable: 10408

1 T



...cont’d

o Accept the suggested installation location and click the

Next button to continue

e Accept the suggested Start Menu folder name “RStudio”
and click the Install button to continue

Chuoose Slard Merns Folder
Chaose & Start Meru folder for the RS ndks shortouts,

L9
St i S art Mieras Foieher i itk vou Wil e b ETete Sae [regrans sharizuts, Yau \ mﬂ-
can also enber & name o creale 8 new folder. -
| The items listed in this

oys vieh Serves

Prbdedsie-d & dialog box_ are the names
e T / of your existing Start
Ak gud St

G0 Progrimming Langusge Menu folders and will
Jave Develccment i vary according to what
Meraah Gebce 3015 Tock you have installed on
R e = your computer.

-:mlzr-u[%l Carenl

G When the installation has completed, click the Finish
button to close the Setup Wizard

o Launch the RStudio IDE
from the Start Menu folder
created by the Setup Wizard

B pm Lae Jue Pew e e fae fese Lo ey
0 - 0 = : . i o B Pk P = i
[ — i T R v C——— i

= S jmpel Dl v Bl .

W Sy Ly =

B owerainn La. ) (HAT-13-T00 - “wdre-fusing Tree® 0P
tagyright (5} J0L7 Tre B Facroacion for Stakicoical Cempiring yot
FUaRFarm | AbS_kilcht unlrgahd wtd 640103

| —
You can type expressions
in the RStudio Console
to see their result, just as
you can in the R Console
— but the RStudio IDE
can do so much more.

B A3 Tred softesfe afd foned w1 BN SBSOLUTILY S0 WSRRAMTY.
Vo MW sl Eome Te FEIMTER BT 1T ander CeTATE EendiErond,
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Exploring RStudio

The RStudio interface consists of a menu bar and toolbar
positioned at the top of the window, and four main panes whose
position can be adjusted to suit your preference. When you launch
RStudio only three panes may be visible until you select File,
New File, RScript on the menu bar to open the “Code Editor”
pane. The default layout positions the four panes as shown below:

Code Editor Menu Bar Toolbar Workspace

Fle fdr Code Yow Plot Jemsion Fuld Profile Tock Help
O -0pl - K| “+ - Adding = Pregecl: lisnei =
O Untithed? =" Enveonment History  Cermetlions =
A SEUntE o Saee ;- “ Run g = Lauie - 3 | = inpart Datasél - .F’ Lt -
i | T} Geatal Inwironsent =
1 (Bop Lewedt = R Soript =
Conate  Terminal e Files Fiots Padmpes  Help  Viewer B e
I Erpont =
copyright (€] 2|:|J.-.T Tha & :m-.lnﬁuim for Stacistical computing ~
Platform: tiﬁnﬁd-hﬁdamingwi}_:’!ﬁd {6d=bit)
R i% frée softwars and comés with ABSOLUTELY MO WARRANTY.
You are wilcome to redistribute it under certain conditions.
Type Moense()” or “Vcence()' for distribugion detalls.
& 13 & collaborativ oject with mary contributors.
Type "comributors() \{or more irformation and
‘girarion()” on how to xite R or & packages in publicarions.
e "demol " Ffor some d i "help(y’ for on=T1ine help, or
¥ 'Ip._ start()" for an HTML B er interface to help.
Type "ql)" to quit R,
=
w

Console Drag Handle Notebook  Maximize/Minimize

When the mouse pointer is placed on the border between any two
panes, the pointer changes to a four-pointed “Drag Handle”. This
allows you to drag the vertical border to adjust the width of the
left and right panes, and to drag the horizontal border to adjust
the height of the top and bottom panes. The size of each pane can
also be adjusted by clicking the Maximize and Minimize buttons.



...cont’d

Each RStudio pane can contain multiple tabs, and it is useful to
initially explore each RStudio pane to understand its purpose:

Code Editor pane

'The Code Editor is where you type or edit R Script code, and you
see it automatically colored to highlight syntax — click this pane’s
Run button to see the script output appear in the Console pane.

Console pane

® Console tab —This is where you can directly enter commands
for immediate execution by the R interpreter.
® Terminal tab - This is where you can directly enter commands

for execution by the operating system shell.

Workspace pane

® Environment tab — This is where you will see available objects
such as variables and datasets.

® History tab — This is a list of your past commands executed by
the R interpreter in the Console pane.

® Connections tab — This tab enables you to connect to

databases to explore the objects and data inside the connection.

Notebook pane

® Files tab —This is a file browser, which by default lists all the
files in your working directory.

® Plots tab — This exciting tab is where your plots, graphs, and
charts will appear as output from an R Script.

® Packages tab — This tab lists available packages that you can
install to extend RStudio’s functionality.

® Help tab — This is where you can seek assistance on the R
language and RStudio IDE.

® Viewer tab — This is where you can see local HTML content

that has been written to the session temporary directory.

LN

wot 1P
R Script code can be
saved as a file for later
use, and multiple R
Script files can be open
on separate tabs in the
Code Editor pane.

LN

wot BP
You can click on a
data set listed in the
Environment tab to open
a spreadsheet of that
data in the Code Editor
pane.

LN

ot BP

You can click on an R
Script file in the Files tab
to open that file in the
Code Editor pane.
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RStudio is highly customizable and it is worth setting up its
features to better enjoy your R programming environment:

a Create a new directory on your computer in which to save

the R Scripts you will write. For example, on Windows
you might create a directory of C:\MyRScripts

e Launch RStudio then select Tools, v

1 Global Options on the menu bar — ot g e
to open the “Options” dialog e
Do -
Your home directory e Select General in the left panel of vl
- the “Options” dialog, then enter the
is set as the default p . & s
working directory path to the directory you created
until you specify an into the Default working directory box

alternative.

g

[ —
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Themes with dark i
backgrounds, such as o,
the “Cobalt” theme B ntareg
shown here, are often T || I s
considered to be more
restful on your eyes
than those with white
backgrounds. =L oe L

a Next, select Appearance in the left panel, then click items
in the Editor theme box to preview possible color themes

9 Use the Editor font and Editor font size drop-down

menus to choose your font preferences



...cont’d

G Click the Apply button to change the RStudio settings

e Click the OK button to close the “Options” dialog and
see your preferences have been applied — the working
directory path appears on the Console title bar

You next need to select a pane to work with in RStudio —
click on the Console pane to select it

Click the ™ brush button on the Console pane’s title bar,
or press Ctrl + L keys, to clear existing Console content

® 6 0

Now, type version at the Console prompt, then hit Enter
to run the command — see the R interpreter output
version details in the Console window

Dark background themes are great for on-screen viewing but all
ensuing screenshots throughout this book use a white background
theme (TextMate) for better on-page clarity.

“,ngt'ﬂ’
You can click the I
arrow button on the
Console pane title bar
to reveal the working
directory’s files in the
Files pane.

@

gew®

Commands typed at the
Console prompt must

be entered again to run
the command once more
— whereas commands
typed in the Code Editor
can be run repeatedly.
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Hello.R

¥

o
The command here is
calling the built-in R
print() function. The R
language is case-sensitive,
so typing the command
as Print( ) or PRINT( ) will
simply produce an error.

—
The R interpreter will
only run code on the
line containing the
cursor or multiple lines
that you have selected
(highlighted) by dragging
the cursor over them.

Creating an R Script

Unless you simply want to test a snippet of code directly at a
Console prompt, you should always create an R Script using the
Code Editor — so that your code can be run whenever required:

Launch RStudio, then click File, New File, R Script on
the menu bar to open the Code Editor pane

Click on the Code Editor pane to select it and see a
blinking cursor appear — here, type the command print( )

Type a “ double-quote character between the command’s
parentheses and see RStudio automatically add a second
character after the cursor — so you cannot forget the final
double-quote that is required to enclose a text string

Ble fdt fode Yew fets Semion fuid [ebup Prefie lech Mep

Lr R R | - » Aigng =
0 Unintieais =
b Souree an S 4 P | Y| = Shume =
1 princi'T)
gl Mep Lol 3 R Ferigl &

Next, type the traditional program greeting Hello World!
text string between the double-quotes

IMPORTANT: Ensure that the cursor is now positioned

on the same line as your code

Ble fae Cede Yew [Blets  femion fudd  Qebup B Hep

L - B = = Afdng =

0 Uniiiedl™ N,

| | Seurce sn Ssve = =+ Pun | Y| =Sauree s

1 print("wello worldi") I

1:2% e L) & B Serip] &



...cont'd

Click the ~ Run button in the Code Editor, or press the
Ctrl + Enter keys, to run the code — see the R interpreter
repeat the code and display its output in the Console pane

Conpole 0 yiirphy e[
= print({"Hallo worldl™}
[1] "wello worldl™

>

Click the = Save button in the Code Editor, or press the
Ctrl + S keys, to open the “Save File” dialog

Save the R Script as a file named “Hello.R” in the current
working directory

+ v ThaPC o+ O50Ch » MyRScnpe; w & bt Lty -

Organce = Hew folder - B

Wlww

Edit the command in the Code Editor by adding a
second argument between the parentheses to become
print( “Hello World!”, quote=FALSE )

Run the code again — see the R interpreter repeat the
code and display its output with quotes now suppressed

Conpole 0 yiirphy e[
= print{"Hallo worldl™, quote=FALSE}
[1] Hella world!

|

LN

;.;{- ‘ _M_‘W
| —

The bracketed number
[1] that appears before
the output indicates that
the line begins with the
first value of the result.
Some results may have
multiple values that fill
several lines, so this
indicator is occasionally
useful but can generally
be ignored.

LN

Click the =~ Open
button in the Code
Editor, or press the

Ctrl + O keys to open
the "Open File” dialog
then choose a saved R
Script file to reopen in
the Code Editor. Click the
arrow button beside the
Open button to see a list
of recently opened files
that you can select to
quickly reopen.
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Summary

Data is items of information that describe a qualitative status
or a quantitative measure of magnitude.

Devices that are connected to the internet are able to report
sensor measurements for analysis in The Cloud.

The decline in the cost of device sensors has given rise to the
Internet of Things that can report on vast amounts of data.

Big data consists of large data sets that can best be analyzed
by computer to reveal pattern and trend insights.

Data analysis is the practice of converting collected raw data
into information that is useful for decision-making.

Before analysis, raw data must be organized into a structured
format and cleaned to remove incomplete, duplicated, and
erroneous items.

After data has been analyzed, the results can be
communicated using data visualization to present tables, plots,
or charts that efficiently convey the messages within the data.

R is an interpreted programming language and software
environment for data analysis and data visualization.

RStudio is an Integrated Development Environment for R
that provides a code editor, debugger, and visualization tools.

"The RStudio interface consists of a menu bar and toolbar,

plus Code Editor, Console, Workspace, and Notebook panes.

R Script code typed into the Code Editor can be run to see
its output appear in the Console.

Code snippets can be typed at the Console prompt for

immediate execution by the R interpreter.

RStudio’s Global Options let you choose colorization themes,
font settings, and default working directory.

R Script in the Code Editor can be saved as a file with a .R
file extension so the code can be re-run whenever required.
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