Big Data Analysis
Using Machine
Learning for Social
Scientists and
Criminologists






Big Data Analysis
Using Machine
Learning for Social
Scientists and
Criminologists

By

Juyoung Song and Tae Min Song

Cambridge
Scholars
Publishing



Big Data Analysis Using Machine Learning for Social Scientists
and Criminologists

By Juyoung Song and Tae Min Song

This book first published 2019

Cambridge Scholars Publishing

Lady Stephenson Library, Newcastle upon Tyne, NE6 2PA, UK

British Library Cataloguing in Publication Data
A catalogue record for this book is available from the British Library

Copyright © 2019 by Juyoung Song and Tae Min Song

All rights for this book reserved. No part of this book may be reproduced,
stored in a retrieval system, or transmitted, in any form or by any means,
electronic, mechanical, photocopying, recording or otherwise, without
the prior permission of the copyright owner.

ISBN (10): 1-5275-3388-3
ISBN (13): 978-1-5275-3388-2

This work was supported by the Ministry of Education of the
Republic of Korea and the National Research Foundation of Korea
(NRF-2016S1A5A2A03925702)



TABLE OF CONTENTS

Installation and Use 0f R .......coooiiiiiiiiniiiiiccccceceee 1
Installation Of R .....oooiiiiiii e 1
USE OF R et st e 7

Scientific Research Desig@n........c.coccveeviiiiiieiieeieciie e 35
Research Concepts.......coovviiierieniieiicieeieee et 36
Variable Measurement . .......c..coererirereriieieieienieesie e 37
Uit OF ANALYSIS .ouvieiieiieieiiecieee ettt seaeaees 39
Sampling and Hypothesis Testing..........ccccveevereeerviereenierieeieeiesieeiens 39
Statistical ANALYSIS.....c.eecvieeierieriieiieeie et 44

Overview of Machine Learning............cccoeevevveveesieicienienieie e 118
INErOAUCHION ...t 118
Machine Learning Training Data...........cceocevoiiiinieniiiceceeee 122

Development of a Cyber bullying Prediction Model Based

on Machine Learning..........ccceeeeieieierienieese e 124
Naive Bayes Classification Model............cccooeneiiininininiceeees 124
Logistic Regression Model ........cc.oecveeierieniieieiiesieneeie e 130
Random Forest Model.........cccooeieniniiiiiniiieieeeeeeeeeeees 134
Decision Tree Model........cc.ooeririiiiiiiiiiieeeeeeseeee e 141
Neural Network Model ........ccooiririnininiiiiiineenesenesceeeecens 149
Support Vector Machine Model............cccocvevveiiieienienieieieee e 162
ASSOCIAtION ANALYSIS.....coivieiieieeiieiieieeie et 170
Cluster Analysis and Segmentation ..............cceeeeeveereereneeneereeneene 179

Machine Learning Model Evaluation .............ccccooviiiiniinienieeeeeeee 186
Machine Learning Model Evaluation Using
Misclassification Tables..........ccooeiiriiiiirieeee e 189
Machine Learning Model Evaluation Using ROC Curves................. 208

Artificial IntelligencCe........cccvieiirieriieiieieiieceee e 215

Calculate the Effect of Input Variables on Output Variables
(Prediction Probability) ..........cceeerierieneeieeiesiee e 215



vi Table of Contents

Using Training Data with Input Variables to Create

Dependent Variables..........ccccveivererineninesesesesesese e 221
Creating Data with the Same Training-Data
and Predicted-Data Classifications.........ccccoeeererueuenenriecncnnieeenens 225
Evaluating Existing Training Data and High
Quality Training Data..........cccceeivieeirierirririeirieeseeseeeeseeeseee s 228
Creating an Artificial Intelligence with Machine Learning................... 230
ViISUALIZATION. ...cveiiiniiieierieeier ettt s 236
Visualization of Text Data........ccccoceeerieieiieninninncnceceeeeee 236
Visualization of Time Series Data ..........ccccceveeiiiiieniiiiieceeee 239
Visualization of Geographical Data...........cccecevieiienieiiiiniecee 250
Developing Machine Learning—Based Predictive Models
of Adverse Drug RESPONSES ........ceeeieieniinienieieeeiieeeieie e 258
INtrOdUCLION. ....couiiiiiiiiieceieceee e 258
Research Subjects and Analysis Method ...........ccocevieniiiiiieeienenns 263
RESUIL .. 269
Discussion and ConcluSioN ..........cocceeeieienienenenineneeeeeeeereneeaene 302



INSTALLATION AND USE OF R

The R program (simply “R” hereafter) is an open-source (i.e., the source
code is made public so that anyone can use, modify, or redistribute the
code for free) program developed for statistical analysis and visualization.
It is an object-oriented language based on objects that can take scripts used
in one analysis and reuse them in another analysis. R is an open-source
language derived from the S language developed at Bell Laboratories in
1976. In 1995, the source was made public by Robert Gentleman and Ross
Ihaka at the University of Auckland in New Zealand. Since then, it has
been continuously improved by the R core development team. It is
executed in interactive mode so the execution results can be seen quickly.
R is an object-oriented language that can reuse the instructions (i.e., scripts)
used in analysis for other analyses. R is useful for developing functions
and packages, which are collections of scripts that perform specific
functions, and is widely used among statisticians for statistical software
development and data analysis. Today, packages and functions developed
by several experts are publicly available on CRAN (Comprehensive R
Archive Network), and the program’s usefulness is continuously
increasing.

Installation of R

Anyone can install and use R by downloading the program from the R
project homepage (http://www.r-project.org). To use R for graphing or
visualization, the Java program for modern Windows operating systems
(32 bit or 64 bit) must be installed. The processes for installing R and Java
follow.

@ Download R-3.5.0-win.exe from the R project homepage and run the
program.
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Installation and use of R

R-3.5.0 for Windows (32/64 bit)

Download R 3.5.0 for Windows (62 mepabes, 3264 bi)
Instalation and other instructicns

Hew features in this version

[fyou want to double-check that tae package you have downloaded matches the package cistnbuted by CRAN, you can compare the mdSsur of the exet
windows: both graghical and command line versions are available.

Frequently asked questions
+ Does R run under my version of Windous?
+ How do Tupdate packages inny peevious version of RY
+ Should [rua 32-bitor 64-21t R
Please see the R FAQ for generel information about R and the R Windows FAQ for Windows-specific eformation

Other builds

+ Patches to this release are ircomorated 12 the roatched snapshot build
+ & build of the development version (which will evenrual'y becom the next major release of R) is available i the r-devel snapshot build
+ Previous eleases

Note to webmasters: A stabl snk which will szcarect to the cusrent Windows binary release 15
<CRAN MIRROR:bin windows base telease him

@ Set the installation language to English and click [OK].

Select Setup Language bt

Select the language to use during the
installation:

English b

oK Cancel

® Click [Next] to begin the installation. As information about the
installation appears, continue to click [Next].

@ Select the location where the R program will be installed. If using the
default folder, click [Next].
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Information - Select Destination Location
Prease read the folawing important information before continuing, @ Where should R for Windows 3.5.0 be instaled? \Q

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

l Setup wilinstal R for Windows 3,50 o te folowing flder,
(GNU GENERAL PUBLIC LICENSE &
Version 2, Jne 1991 [ To continue, cick Next, I you would e to select a ifferent foder, cick romse.

Copyright (C) 1989, 1991 Free Software Foundation, Inc. FiProram FlesTIRYR 3,50

1 Frankin St it Flor, Baston, MA 02110-1301 USA — .. |
Everyone is permitted to copy and distribute verbatim copies
of this cense document, but changing it s not alowed,

Preanble

‘The licenses for most software are designed to take anay your
freedom to share and change i, By contrast, the GNU General Pubic
License is intended to guarantee your freedom to share and change free
isoftware~to make sure the software s free for allits users. This
(Genieral Publec License apphes to most of the Free Software

Atleast 1.2MB of free dk space i required.

(® Install the components that are appropriate for operating on the PC
where the program will be installed, and click [Next].

© In the startup options, select “No (accept defaults)” and click [Next].

Select Components Startup options
Which companents should be instalisc? \Q Do you want b customize the startup options? @
Select the companents you want to instal; dear the components you do ot want to Please specfy yes or no, then dick Next,
stal, Chck Next when you are ready to conte,
0 Yes (customized startup)
Can it 7 | @ity
V| Core Fies 34508
oo a5
V| 644t Fles 5L3M8
(V] Message ranslsions 7348

Current selection requires atleast 144, 2 M8 of dsk space.

[t Ciew> ] [ons |

@ Select the R program’s start menu folder and click [Next].

® Select the additional installation items (use defaults) and click [Next].
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{5 seup - R or Windows 350 (o]
Select Start Menu Folder \
Vihere should Setup place the program's shortcuts? R

li Setup il create the program's shortcuts in the folowing Start Menu folder,

To continue, dlick Next. If you would ike to select a different folder, cick Browse.

] [ Browse... |

Don't reate a Start Menu folder

(i) ()

15 setup - & for Windows 350 ol
Select Additional Tasks \
Wt e sho eprfned R

Select the addional tasks you would like Setup to perform whie instaling R for
Windows 3.5.0, then dick Next,

Additonal shorteuts:
V| Create adesklop shortut
Create a Quick Launch shortcut
Registry entries:
V| Save version number in registry
V| Assodate R with .RData fies

(e )] ()

@ The installation-progress screen will appear. When the “installation
complete” screen appears, click [Finish].

8 Setup - R for Windows 35,0 o) e
Installing ‘
Please wait while Setup installs R for Windows 3.5.0 on your computer, R
Extracting fles...

C:¥ferogram FiesWRR-3,5,0Wibrary WorDevicesWhimWhwingows. optons.himl

e

{8 Setup - R for Windows 350

Completing the R for Windows
3.5.0 Setup Wizard

Setup has finished instaling R for Windows 3.5.0 on your
computer, The application may be launched by selecting the
instaled shortauts.

Click Finich to exit Setup.

Search for the Java program (JDK SE development) on Google. On the
download page, download the JDK file suitable for your PC and run

jdk-8ud0-windows-x64.
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| © AcceptLicense Aqreement ® Dechine License Agreement

PodcFDescigion P Sae Doioas
Lowods TGRME (Edut-ingc BB pn "
Lowods TBIMB  Ebulb o tr gz bt
Lo HE10ME _jovbudt-ingiofom Fet
Lrwost UM i o
Mac 05X 64 219MB GdudSmacoseotd oy
A MM 2
Saias SPARC bt S20MB BudS-solars agared o 7
So 4 VR iy TRNE z
Salars 164 BME ok Suds-s0iansad tar g1
Windows x86. TS98MB | SudS-windows 536 exe- r
Windows 64 A0UNE  [dr-GudS-aincows- 164 exe " .
| | Java SE Development Kit 8 Update 40 (64-bit)
Java SE Development Kit 8u45 Demos and Samples
Downloads oo
'W":““W"'mm‘“";'-::"‘"“ i Vir A Please wat whie Windows configures Java SE Development Ki 8
O AccaptLicense Aqreement ® Dectine License Agreement A=) -
5
ot Fl DescplonFl S Dowiess e l (3 Update 40 (64-bt)
Loads RN BN SEOA T Su
Lowodh Q25MB [ dudSing 595 dencs gz o
Lot S245M8 i BudS-uocad-demos pm
Lo SONE  edudb-inucifédenos targr i
Na£08X 523U BiAuli acosuat B 0nes 29 Time remaining: 2 seconds
159M8
R 318
et 18U dul o bleris
Srmid 921M8_dutsaisrs e |
Windows 586 S30MB SRR SBH0ENA T Y|
i a1 TR T
Le )

@ When the Java installation screen appears, click [Next]. Select the
installation components (select the default items) and click [Next].

18 v SE Development 8 Updite 40 (40 - Setp (X7 18 v 52 Development 8 Update 40 (-5 Custom Stup (X

Select optional festures to thelstbelow, change your chaice of
Welcome to the Instalation Wizard for Java SE Development Kit 8 Update 40 stelaton by usg the Add Renave Programs ity n he onte Pl
| Festure Descrpton
This wizzrd wil guide you through the instaliation process for the Java SE Development z Java SE Development Kit 8
e M| De t Tools a
K8 Upcate 41 [ Undate 4 64b1), i tre
JavaFX SOK, a private JE, and
S| Pblc RE the Java Mssion Contol toos
I suite, This wilreguire 180MB on
I your hard drive.
Instal to:
The Java Misson Contrl profing and diagnostis toos suite alabe aspart of
ot pofing nd daposcs ok e o avalale 2 o CWrraganFiesHaticL6.0_ 4
O] (ol ] | Lot [ o> ][ oot |

@ When the Java program’s installation is complete, click [Close] to
finish the Java installation.
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1§ Java SE Development maummm-b&! Progress IS 8 Java SE Development Kit 8 Update 40 (54-bi) - Complete

Installation and use of R

Java SE Development it 8 Update 40 (64-bit) Successfully Instaled

Clk Next Steps to access tutorials, APT documentation, developer quides, release notes
and more to help you get started with the JOK.

® After the installation is complete, go to the Windows start menu and
click [All Programs] — [R] or click the R icon installed on the desktop.
When closing the program, click the ‘X’ on the window or enter ‘q()’.

@ Microsoft Word 2010

Q R¥64341
Q Rx64 333
Q R¥64350

H Notepad++

WA | s e SN e SENe 10| &
File ESt View Misc Packages Windows Help

EEDSCEBE)

R version 3.5.0 (2018-04-23) -- "Joy in Playing"
Copyright (C) 2018 The R Foundacion for Statistical Coputing
Platform: x86_64-wé4-mingw32/x64 (64-bit)

R is free softwaze and comes with ABSOLUTELY NO WARRANTY.
You are welcome To redistribute it under certain comditions.
Type 'license()' or 'licence()' for distribution details.

Natural language support but running in an English locale
R is & collaborative project with many contributors.

Type ‘contributozs()' for more informaticn and

'citation()' on how to cite R or R packages in publications.
Type 'demo()’ for some demos, ‘help()’ for on-line help, or
*help.starc()’ for an HIML browser interface to help.

Type 'q()" to quit R.

> qo

% Changing the R-Console to English

@ Open a text editor, e.g., Wordpad, with administrator privileges and
open the following file.
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- C:\Program Files\R\R-3.5.0\etc\Rconsole
@ Modify the content of the file as shown below.

- (text above)

- ## Language for messages
- language = en

- (text below)

® Run R-3.5.0 again and the English R-Console will appear.

Use of R

R is a script-command-based program. Packages needed for various
analyses can be installed and used as libraries.

1) Installing and Loading Packages

R is open source so it has no distribution limitations; i.e., R can be used to
create and provide new solutions, even if they will be sold commercially.
R can install and load a variety of packages, depending on the analysis
method (statistical analysis, machine learning, visualization, etc.).
Packages can be freely downloaded from the CRAN site (www.r-
project.org) and installed. R comes with several basic packages, and
12,000 additional packages are available on CRAN (12,087 packages
registered as of February 5, 2018). An internet connection is necessary
when first installing additional packages. Packages can be installed from
the homepage’s CRAN mirrors by using the install.packages() function or
the “Install Packages” command on the menu bar in R. The mirror site has
copies of the same content at multiple locations to prevent a large amount
of traffic congregating at a single site. As of May 10, 2018, 161 mirror
sites were operating in 48 regions, including the ‘0-Cloud’. The United
States has 15 mirror sites that can be used.

Script Example: Create a word cloud of keywords for strain and
delinquency factors in cyber bullying.
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> setwd("c:/cyberbullying_methodology"): Set the working directory

> install.packages('wordcloud')
- Install the package that processes word clouds.

> library(wordcloud) : Load the package that processes word clouds.

> key=c('Domestic-violence','Child-abuse','Parental-divorce','Economic-
problems','Friend-Violence','Break-ups','School-control','Academic-
stress', 'School _records', 'School-violence-experience', 'Transfer’,
'Individualism', 'Materialism','Bullying-culture', 'Class-society','Hell-
Korea', 'Female_ dislike', 'Interested_soldier',' Traffic-accidents', 'Games',
'Internet- addiction','Celebrities', Movie','Adults','Gags','Chat-apps',
"Youtube', 'Personal-broadcasting') : Assign keywords for cyber bullying
strain and delinquency factors to the key vector.

> freq=c(2269,1338,3515,7269,5844,1101,32816,1503,32084,5849, 8949,
2348, 858,539, 617,1085,6452,784,1852,1764,2496,29473,24413,488,
799, 2253, 1497,1153)

- Assign keyword frequencies for cyber bullying strain and
delinquency factors to the freq vector.
> library(RColorBrewer) : Load the package for displaying color.
> palete=brewer.pal(9,"Set1")
- Assign RColorBrewer’s nine text colors to a palette variable.

> wordcloud(key,freq,scale=c(4,1),rot.per=.12,min.freq=100, random.
order=F, random.color=T,colors=palete) : Display the word cloud.

> savePlot("cyber bullying_strain_wordcloud" type="png")
- Save the results as an image file.
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1kcomdle

Copyright (C) 2018 The R Foundation for Statistical Computing

Hungary ~

Platform: x86_64-w64-mingw32/x64 (64-bit) i‘:’l;nd
. ) Iran [hitps]
R is free software and comes with ABSCLUTELY NO WARRANTY. Iran
You are welcome to redistribute it under certain conditions. Ireland
Type 'license()' or 'licence()' for distribution details. Ttaly (Milano)
Ttaly (Padua)
Natural language support but running in an English locale Japan (Tokya)
Korea (Seoul 2)
R is a collaborative project with many contributors. Korea (Ulsan)
Type 'contributors()' for more information and Malaysia

'citation()' on how to cite R or R packages in publications. Mexice (Mexico City)
Mexico (Texcoco)
Type 'demo()' for some demos, 'help()' for on-line help, or New Zealand [https)

New Zealand

Nonway

Philippines

Portugal (Lisbon)
Portugal (Porta)
Singapore (Singapare) [https]
Singapore (Singapore)
South Africa (Cape Town)
South Africa (Johannesburg)
Spain (A Coruna)

Spain (Madrid)

Sweden

Switzerland

Taiwan (Chungli) [https]
Taiwan (Chungli)

Taiwan (Taipei)

Thailand

Turkey (Denizli)

Turkey (Mersin)

UK (Bristol)

UK {London 1)

USA (CA 1)

USA (CA 2)

'help.starc()' for an HIML browser interface to help.
Type 'g()' to guit R.

[Breviously saved workspace restored]

» setwd("c:/cyberbullying methodology™)
> install.packages('wordcloud')
Please select a CRAN mirror

for use in this session --—-

USA (IA)

USA (IN) [https]
USA (IN)

USA (KS)

USA (M1 1)

USA (MO)

USA (NC)

USA (OH) [https]
USA (OH)

USA (OR)

USA (PA 2)
USA (TN)

USA (TX 1)
Venezuela =
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> ## machine learning wordcloud 2018. 5. 10.
g

> setwd("c:/cyberbullying methodology")

> install.packages('wordcloud')

Warning: package ‘wordcloud’ 1s in use and will not be installed

> library(wordcloud)

>

key=c('Domestic-violence', 'Child-abuse', 'Parental-divorce', 'Economic-problems',

'Friend-Violence', 'Break-ups', 'School-control', 'Academic-stress', 'School records',
'school-violence-experience', 'Transfer', 'Individualism', 'Materialism', 'Bullying-culture',
'Class-society', 'Hell-Korea', 'Female dislike','Interested soldier','Traffic-accidents',
'Games', 'Internet-addiction', 'Celebrities', 'Movie', 'Adults', 'Gags', 'Chat-apps', 'Youtube',
'Personal-broadcasting')

6452,784,1852,1764,2496,29473,24413,488,789,2253,1497,1153)
library(RColorBrewer)
palete=brewer.pal (9, "Setl")
wordcloud (key, freq,scale=c(4,1),rot.per=.12,min. freq=100, random. order=F,
random. color=T, colors=palete)
savePlot ("cyber bullying strain wordcloud", type="png")

>
+
+
+
+
+
P4
> freg=c(2269,1338,3515,7269,5844,1101,32816,1503,32084,5649,8%49,2348,858,539,617,1085,
+
>
>
>
+
>
>

“

{ I3

@R R Graphics: Device 2 (ACTIVE)
w
S &
5 o2
® E Q_‘-? Personal-broadcasting
w o
o a'g L== Dom stic- VIC>|| nce
= . E T5 Female. dislike
— [}
= 3 © Materialism
3 < OVIe Youtube

Schoo records

)%
O
-
o)
o
I

&
®)
)
==
-
o]

Games

Transfer Parental-divopce
Economic-problems =

Friend-Violencelndividualism <
Traffic-acgidents  gjass society

School-violenc

Interested soldier
Bullying-culture
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2) Value Assignment and Calculation

@ Run the R shortcut on the Windows desktop. In the initial screen, enter
a script in the column after the prompt >’. Press the * ENTER’ key to
run it.

@ In R, saving the execution results (values) to objects or variables is
called assigning. Use “=" or “<-” to assign values in R. (This book
uses ‘=".)

(® When an R script is long, use “+” to connect the next line.

@ Use “;’ to connect several scripts.

(® R has the following rules for using variables.

- Variable names are case sensitive.

- Variable names can use English letters, numbers, periods (.), and
underscores (_); however, the first character cannot be a number or
underscore. When numbers are used as variables, “X” is
automatically added to the first character.

- The reserved words in the R system (if, else, NULL, NA, in, etc.)
cannot be used as variable names.

© Functions are collections of scripts that take an argument-type value as
input and return the calculated result value. In R, functions can be used
to make programs more concise

@ The following operators are available: Operators [+, - , * /, %%
(modulus), * (exponent), etc.] and R’s internal functions [sin(), exp(),
log(), sqrt(), mean(), etc.].

B Saving formulas using operators

>pie=3.1415 : Assign 3.1415 to pie.
>x=100 : Assign 100 to x.

> y=2%pie+x : Assign 2 x pie+xtoy.
>y : Display the value of y on the screen.

B Saving formulas using internal functions

> x=c(75, 80, 73, 65, 75, 83, 73, 82, 75, 72) : Assign 10 vector values
(weights) to x.

> mean(x) : Display the mean of x on the screen.

> sd(x) : Display the standard deviation of x on the screen.
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R R Corsol =)=
#%# value assignment
setwd ("c:/cyberbullying methodology")

pie=3.1415

x=100

e

>

>

>

>

>

> y=Z2*piletx
>y

[1] 106.283
=
>
>
=
>
[

## internal function

x=c(75,80,73,65,75,83,73,82,175,72)
mean (x)
1] 75.3
> =sd(x)
[1] 5.313505
>

m

® To repeat a previously performed task, press the up-arrow key.
©@ To end the R program, click the ‘X’ on the window or enter ‘q()’.

3) Basic Data Types in R

@ Set the directory where all of the objects (functions, data, etc.) that are
used in R will be saved
> setwd(“c:/cyberbullying_methodology™)

@The basic data types in Rare as follows.

@ Numeric type: Uses arithmetic operators [+, -, *, /, %% (modulus),
"(exponent), etc.] to calculate results.[]
> x = sqrt(50*(100"2))

® Character type: Groups together strings of text with single quotes (°*) or
double quotes (“).
>v_name = 'machine learning modeling'

@ NA type: Use this when a value is not determined set.
> x = mean(c(75, 80, 73, 65, 75, 83, 73, 82, 75, NA))

@ Factor type: Use this to convert character-type data into numeric type.
>x=c(‘a’, ‘b’, ’c’, ‘d"); x_f= factor(x)
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@ Date and time format: Use this when analyzing a certain time period or
time.
> x = (as.Date('2018-10-07") - as.Date('2017-10-06"))

R R Console [E=H Bl 5
## basic data type

setwd("c:/cyberbullying methodology™)

VYV VVVY

x=sgrt (50%(100°2))

4

[1] 707.1068

> v_name='machine learning modeling’
> v_name

[1] "machine learning modeling”

> x=mean(c(75,80,73,65,75,83,73,82,75,N8))
> X

[1] NA

> x=c('a', 'b', 'c', 'd")
> x f=factor(x)

[

'2018-10-07")-as.Date('2017-10-06"))

Time difference of 366 days
> |

4) Data Structures in R

In R, data is managed through vector, matrix, array, and list-type data
structures.

(1) Vector

A vector is the basic data structure in R. A vector is a data object that
combines and stores several data items. Vector in R use the ¢( ) function to
assign values.

>x=c(75, 80, 73, 65, 75, 83,73, 82, 75, 72)

- Assign the weights of ten people to variable x as a vector.
>y=c(5,2,3,2,5,3,2,5,7,4)

- Assign the weight loss of 10 people to variable y as a vector.
>d=x-y

- Subtract vector y from vector x and assign the result to vector d.
> d : Display the value of vector d on the screen.
> e=x[4] - y[4]

- Subtract the value of the 4™ element in vector x (65) from the value

of the 4™ element in vector y (2) and assign the result to variable e.
> ¢ : Display the value of variable e on the screen.
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‘R R Console =3 R

#% data structure c(nemuric)data type assignment

VOV VY YV
i
W00
S

~ o
[
[ =1
&8
SRS ]
~ W
n~
)]
w
o3

i R e e R v R

70 78 70 3 70 80 71 77 68 &8
x[4]-y[4]

[

VoYY
@
W

o

@ Character-type data management

> x=c('flaming','harassment','denigration','impersonation’,'outing’,
'exclusion','cyberstalking') : Assign character data to vector x.
> x[5] : Display the fifth element value of vector x on the screen.

R R Console = ol

> ## data structure c(string) data type assignment

>

> w=c('flaming', 'harassment','denigration', 'impersonation',

+ 'outing', 'exclusion', 'cyberstalking')

> x[5]

[1] "outing"

> L4

l

@ Use the seq() function or “:” to assign sequential data to a vector.

> x=seq(10, 150, 10)
- Create a sequence of numbers from 10 to 150 with an increment of 10,
and assign the results to vector x.

>x=30:50
- Create a sequence of numbers from 30 to 50 with an increment of 1
and assign the results to vector x

R R Console [o &)=l
> #% sequencing data assignment
>
> x=seq(l1l0, 150, 10)
> X
[11] 10 20 30 40 50 €0 70 80 90 100 110 120 130 140 150
> x=30:50
> x
[1] 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
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(2) Matrix

A matrix is two-dimensional vector data structures that additionally
have rows and columns. The matrix() function is used for data
management.

> x_matrix=matrix(c(75, 80, 73, 65, 75, 83, 73, 82, 75, 72,77, 76),
nrow=4, ncol=3)
- Create a matrix with 4 rows and 3 columns containing 12 people’s
weights, and assign the results to x_matrix.
> x_matrix : Display the value of x_matrix on the screen.
> x_matrix[2,1]
- Display the value of the element at row 2, column 1 of x_matrix on
the screen.

R R Console =N o=

#% data structure matrix() data types assignment

>
>
> x_matrix=matrix(c(FE,B@,FS,65,?5,ES,FE,EZ,TE,?Z,TF,F6), nrow=4, ncol=3)
> X _matrix

11 [ 2] [,3]

[1,] 75 75 75
[2,1 80 83 72
[3,] 73 73 77
[4,1] 65 g2 €
> ®x matrix[2,1]
[1] 80
>

(3) Array

An array is three or more dimensions and can extend matrices
multidimensionally. The array() function is used for data management.

> x=c(75, 80, 73, 65, 75, 83,73, 82,75, 72,77, 76)
- Assign the weights of 12 people to vector x.
> x_array=array(x, dim=c(3, 3, 3))
- Assign vector x to the x_array variable as a 3D structure.
> x_array : Display the value of the array variable x_array on the screen.
>x_array[2,2,1]
- Display the value of the element at [2, 2, 1] in Xx_array on the screen.
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‘R R Console =R (==

##% data structure array() data type assignment

x_array=array (x, dim=c(3,3,3))
X_array

>
ks
» x=c(75,80,73,65,75,63,73,62,75,72,77,76)
>
>
s 1

(11 (21 [,3]
1.1 72 75 [}
[2,1] 77 80 75
[3.1 76 73 83

s 3

(11 [-21 [,3]
1,1 73 72 75
[2,] 82 77 80
[3.1 75 76 73

» x arrayl[2,2,1]
[1] 75
>

m

7 [

(4) List

A list is a type of matrix or array that can specify the data type in the
format of (address, value).

> x_address=list(name='Pennsylvania State University Schuylkill,
Criminal Justice',address="200 University Drive, Schuylkill Haven, PA
17972', homepage="http://www.sl.psu.edu/")
- Assign the address to the list format variable x _address.
> x_address : Display the value of the x_address variable on the screen.
> x_address=list(name="Sahmyook university, department of health
management",address='815, Hwarang-ro, Nowon-gu, Seoul, 01795,
KOREA', homepage="https://www.syu.ac.kr/")
> x_address
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R R Console ==
> ## data structure list() data type assignment

> x_a i ame='Pennsylvania State University Schuylkill, Criminal Justice',

+ u Drive, Schuylkill Haven, PA 17972'

+ sl.psu.edu/")

> x_

S *name"

[1] "Pennsylvania State University Schuylkill, Criminal Justice"

$address

[1] "200 University Drive, Schuylkill Haven, PA 17972"

Shomepage
[1] "http://www.sl.psu.edu/"

> Sahmyook university, department of health management',
+ » Hwarang-ro, Nowon-gu, Seoul, 01795, KOREA',

+ 'https://www.syu.ac.ke/")

> x_address

$ name"

(

1] "sahmyook university, department of health management"

Saddress
[1] "815, Hwarang-ro, Nowon-gu, Seocul, 01795, KOREA™

Shomepage [
[1] "https://www.syu.ac.kr/"

5) Using Functions in R

Users can use R’s built-in functions or they can use function( ) to
create their own functions. User-defined functions should use the
following basic format.

Function name = function(argument1, argument?2, ...) {
Calculation formula or executable program
return(calculation results or return value) }

® Exercise 1: Find the sample size using the confidence level and
sampling error
- Formula: n = (+2)* x P(I - P)((SE)’
- Create a function (SZ) to find the sample size when a phone survey
is conducted to analyze the state of school bullying with a sample
error of 3% at a confidence level of 95% (Z = 1.96) at p = .5.

R R Console [E=3 Bl =
> ## Function usage

> ## sample size

sz=function(p, z, s)
n=z"2*p*(1-p)/s"2

return(n)

+ vV

}
SZ(0.5, 1.%96, 0.03)

1] 10e67.111

Vo VA
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® Exercise 2: Find the standard score

- The standard score is a measure of the extent to which an observed
value differs from the mean. It can be used to find the data’s
relative position. The sum of the observed values’ standard scores
is 0.

- Formula: Zi = (Xl — f)/SX

- Create a function (ZC) to find the standard score after measuring
the weights of 10 people.

# R Console (== EeE =)
## 2 score

ze=function (d) {

m=mean (d)

s=sd (d)

z=(d-m) /s

return(z)

}

d=c (72, 65, 77, 80, 73, 75, 64, 85, 70, 77)

ac (d)
[1] -0.2778931 —-1.3585885 0.4240322 0.9571874 -0.1235080 0.1852621
[7] -1.5129736 1.7291126 -0.5866632 0.4940322
> ZC_sum=sum (ZC (d) )
> ZC_sum

[1] 4.551914e-15
>

¥ Vbt v N Y

@ Exercise 3: Find the population variance

> setwd(“setwd("c:/cyberbullying_methodology")”)
- Set the working directory.
> cyber_bullying=read.table(file="cyber bullying_descriptive analysis.
txt",header=T) : Import the text data and assign it to cyber bullying.
> attach(cyber_bullying) : Attach cyber bullying as execution data.
> VAR=function(x) var(x)*(length(x)-1)/length(x)
- Create a new function with the format of “function (argument or input
value) formula”.
- length(x): Calculate the sample size of the x variable that is passed to
the VAR function as an argument.
- Create the function (VAR) to find the population variance for the x
argument.
> VAR(Onespread) : Call the VAR function and calculate the population
variance for Onespread.
> sqrt(VAR(Onespread)) : Call the VAR function and calculate the
population standard deviation for Onespread.
> VAR(Twospread) : Call the VAR function and calculate the population
variance for Twospread.
> sqrt(VAR(Twospread)) : Call the VAR function and calculate the
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population standard deviation for Twospread.

R R Conscle S5 O )
## population variance

setwd ("c:/cyberbullying methodology™)
cyber_bullying=read. il
attach(cyber bullying)
VAR=function(x) wvar(x)*(length(x)-1)/length (x)
VAR (Onespread)

1] 50218.8
sgrt (VAR (Onespread) )

1] 224.0%8
VAR (Twospread)

1] 27.70627
sgrt (VAR (Twospread) )

1] 5.263675

m

Vo W o Y W e WYY Y Y Y Y

6) Basic Program in R (Conditional Statements and Loop Statements)

- R provides conditional statements, which determine the execution
flow, as well as loop statements, which repeat the same statement
multiple times.

- Conditional statements use comparative operators [equal (==), not
equal (!=), greater than or equal (>=), greater than (>), less than or
equal (<=), and less than (<)].

- Conditional statements are formatted as follows.

if(condition formula) {
<Calculation to be performed if condition is true>

}
else {
<Calculation to be performed if condition is false>
i

@ Exercise 4: Using conditional statements
- Create a function (F) that returns the mean of vector x, which holds
the weights of 10 people if argument is '1', and which returns the
standard deviation if argument is not '1".
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R Console [E=mE=n =)
> ## contional statement

>

> w=c (75, 78, 80, &7, 72, 86, 62, 90, 84, 70)

> F=function (a) {

=g if (a==1l) { result=mean(x)

+ return(result)

+ %

+ else

=g result=sd(x)

+ return(result)

+ }

+ H

> F(1)

[1] 76.4

> F(5}

[1] 8.871928 J
> | K|

al

- The format for loop statements is as follows.
- The “number of times” used in a for loop is either the “vector data”
or “n: number of times.”

for(loop variable in number of times) {
Executed statement

@ Exercise 5: Using loop statements
- Create a function (F) that finds the sum of numbers from 1 to a
given number.

"R R Console =)
~

> ## iteration structure

b

> F=function{a) {

+ result=result+i
+ H
+ return(result)
+ H
> F(100)

[1] 5050

[1] 1250025000

> F(2018)

[1] 2037171

>

4 b
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7) Using Variables in R Data Frames
Variables can be used for statistical analysis in R as follows.
(1) Using “data$variables”

> setwd("c:/cyberbullying_methodology™)
> cyber_bullying=read.table(file="cyber bullying descriptive analysis.
txt",header=T)
- Assign ‘cyber bullying_descriptive analysis.txt’ to cyber bullying.
> cyber bullying 1=read.table(file="cyber bullying_ descriptive analysis
_Ltxt", header=T)
> sd(cyber_bullying$Onespread)/mean(cyber_bullying$Onespread)
- Use the Onespread variable of the cyber bullying data frame to find
the variation coefficient.

(2) Using the attach(data) function

> attach(cyber bullying)
- The attach function attaches execution data as a “data” argument.
> sd(Onespread)/mean(Onespread)
- Unlike “data$variable”, after attach is executed, the variable alone can
be used to find the variation coefficient.

(3) Using the with(data, script) function
> with(cyber bullying 1,sd(Onespread)/mean(Onespread))

- A script can be executed using the data frame variable via the with( )
function without using the attach function .
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[

"R R Console

> # variable usage($, attach, with)

>

> setwd("c:/cyberbullying methodolegy”)

> cyber_bullying=read.table(file="cyber bullying descriptive analysis.tzt",

+ header=T)

> cyber bullying 1=read.table(file="cyber bullying descriptive analysis 1.tzt",

+ header=T)

> 5d(cyber_bullying$Onespread)/mean(cyber bullying$Onespread)
[1] 3.664652

> attach(cyber bullying)

> sd(Onespread) /mean (Onespread)

[1] 3.664652

> attach(cyber bullying 1)

The following cbjects are masked from cyber bullying:

Account, Channel, Onespread

> sd(Onespread) /mean (Onespread)

[1] 6.549366

> attach(cyber bullying)

The following cbjects are masked from cyber bullying 1:
Account, Channel, Onespread

The following cbjects are masked from cyber bullying (pos = 4):

Account, Channel, Onespread, Twospread

> with(cyber_bul
[1] 6.549366
>

_1,sd(Onespread) /mean (Onespread) )

]

8) Creating R Data Frames

=a )

n

R can create data frames with a variety of formats. The most often used
data frame is the two-dimensional matrix, which has rows and columns.
Data frames are also called data sets. Their columns are called variables,

and their rows are called records.
(1) Creating data frames from vectors
- Use the data.frame() function.

>V0=1:10 : Assign numbers 1-10 to the VO vector.
>Vi=c(4,7,16,12,8,11, 14,9, 4, 8)

- Assign 10 numbers to the V1 vector, and the next six vectors.
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>V2=c(3,5,11,11,6,6, 1
>V3=c(2,5,12,17,9,6, 1
>V4=c(1,0, 14,12,0,0,4,1,0, 1)
>V5=c(3,2,15,13,8,2,6
>Vo6=c(6, 3, 12, 10, 3,4, 5,
>V7=c(3,2,19,15,7,8, 14, ,2,8)
> willard_data=data.frame(ID=V0,flaming=V 1,harassment=V2,
denigration=V3,impersonation=V4,outing=V5,exclusion=Vo,
cyberstalking=V7)
- Assign the 8 vectors (V0—V7) to the willard data data frame object.
> willard_data
- Display the value of the willard_data data frame on the screen.

R R Console [=E =

> #% R data frame write

from vector (data.frame)

owo o
O oo

LN

FVVVVYVYYYYVYY
-1 W

v

1 4 3 2z 1 3 [ 3

1

2 2 7 5 5 o 2 3 2

3 3 16 11 iz 14 15 iz 19

4 4 iz 11 17 12 13 10 15

5 5 8 (3 9 a 8 3 7

e e 11 13 [ 0 2 4 8

7 7 14 3 15 4 6 5 14

8 8 =] 4 [ 1 2 [ 4

k=l 9 : 3 3 0 1 3 2

10| 10 8 7 ) 1 4 5 8 =
N I

(2) Creating data frames from text files
- Use the read.table() function.

> setwd("c:/cyberbullying_methodology") : Set the working directory.

> willard data=read.table(file="willard data.txt",header=T)
- Assign the “willard data.txt” file to the willard data object via the
data frame.

> willard_data : Display the value of the willard data object on the screen.
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] ‘R R Console ol e ==

# write from text(read.table)

ogy™)
ard_data.txt",header=T)

ard_data=read.table (file=
W ard_data
ID flaming harassment denigration impersonation cuting exclusion cyberstalking

>

>

> setwd("c:/cyberbullying method
- .

>

i a4 4 3 2 1 3 6 3
2 2 7 5 5 0 2 3 2

3 3 16 11 12 14 15 12 is

1 1 12 11 17 12 13 10 15

LT 8 6 5 0 8 3 7

6 6 11 6 6 0 2 4 8

707 14 13 15 4 6 5 14

8 8 ] 4 6 1 2 6 4 ‘
s 9 4 3 3 0 1 3 2 E
10 10 8 7 5 1 4 5 8 ‘
>

(3) Creating data frames from CSV files
- Use the read.table() function.

> setwd("c:/cyberbullying_methodology") : Set the working directory.

> willard data=read.table(file="willard data.csv",header=T)
- Assign “willard _data.csv” to the willard data object via the data
frame.

> willard data : Display the value of the willard data object on the screen.

‘R R Console = =5)
> # write from CSV file(read.table)

>

> ("c:/cyberbullying_methodology")

> lard_data=read.table (file=" lard_data.csv",header=T)

> lard data

ID.flaming.harassment.denigration.impersonation.cuting.exclusion.cyberstalking
1,4,3,2,1,3,6,3
257;5,55;0,2;3,2

3,16,11,12,14,15,12,19%
4,12,11,17,12,13,10,15
5,8,6,9,0,8,3,7
6,11,6,6,0,2,4,8
7,14,13,15,4,6,5,14

NS RCR- RN SRR
S}

-

[=3-]

[0S

(4) Creating data frames from SPSS files
- Use the read.spss() function.
> install.packages(‘foreign”)

- Install a package for reading external data created by statistics
software other than R; e.g., SPSS or SAS.



