Table of Contents

Chapter Title

©26a):0p &1l BEODD

1 Introduction to Multivariate Analysis

it
]2
1.3
1.4
1.5

1.6

1.7

What is Multivariate Analysis (MA) ?
Measurement Scales and Selection Techniques
Graphical Examination of the Data
Searching for Missing Data

Qutlier Detection Techniques

1.5.1 Z-Scores

1.5.2 Turkey’s Method (Boxplot)

1.5.3 Mahalanobis (Squared) Distance
1.5.4 Cook’s Distance

Statistical Assumption-Normality

1.6.1 Shapiro-Wilks test

1.6.2 Kolmogorov-Smirnov test
Statistical Assumption-Homoscedasticity
1.7.1 Bartlett test

1.7.2 Levene test

1.7.3 Boxs M test

Page

LV I S

10
12
13
14
15
16
16
18
19
20
21
21
24

ii
1.8
1.9

Statistical Assumption-Linearity
Data Transformation

1.10 Packages for Multivariate Analysis

2. Multiple Linear Regression

2.1
2.2
23

24

2.5

Introduction

Multiple Linear Regression Model

Building a Linear Regression Model

2.3.1 Performance of Fitted Regression

2.3.2 Testing for Regression Coefficients
2.3.3 Graphical Diagnostic for Residuals
Checking Three Main Important Assumptions
2.4.1 Multicollinearity in Regression Analysis
2.4.2 Heteroscedascity in Regression Analysis
2.4.3 Autocorrelation in Regression Model
Empirical Study of Multiple Linear Regression

3. Logistic Regression

3.1
3.2

33

34

Introduction
Binary or Binomial Logistic Regression
3.2.1 Binary Logistic Regression Model

3.2.2 Performance of Binary Logistic Regression
3.2.3 Empirical Study of Binary Logistic Regression

Multinomial Logistic Regression
3.3.1 Multinomial Logistic Regression Model

3.3.2 Empirical Study of Multinomial Logistic Regression
3.3.3 Performance of Fitted Multinomial Logistic Regression

Ordinal Logistic Regression
3.4.1 Ordinal Logistic Regression Model

3.4.2 Empirical Study of Ordinal Logistic regression Model
3.4.3 Performance of Fitted Ordinal Logistic Regression

22
23
28

30
30
30
35
36
38
39
43
43

45

A A

65
67
71
79
79
80
85
87
87
87

4. Principal Component Analysis
4.1 Introduction
4.2 Principal Component Model
4.3 Calculating Principal Components
4.4 Empirical Study of Principal Component Analysis

5. Factor Analysis

5.1 Introduction

5.2 The Orthogonal Factor Model

5.3 Method of Estimation
5.3.1 Principal Component Method
5.3.2 Maximum Likelihood Method

5.4 Factor Rotation
5.4.1 Orthogonal Rotation
5.4.2 Oblique Rotation

5.5 Owverall Measures of Intercorrelation
5.5.1 Bartlett Test of Sphericity
5.5.2 Measure of Sampling Adequacy

5.6 Determine the Number of Factors

5.7 Internal Consistency Reliability (Cronbach’s Alpha Measurement)

5.8 Empirical Study of Factor Analysis (Principal Component)

5.9 Empirical Study of Factor Analysis (Maximum Likelihood)

6. Analysis of Variance(ANOVA)
6.1 Introduction
6.2 One-way ANOVA
6.3 Two-Way ANOVA
6.4 Repeated Measures ANOVA
6.5 ANOVA Models’ Formula in R
6.6 Empirical Study of One Way ANOVA
6.7 Empirical Study of Two Way ANOVA
6.8 Empirical Study of Repeated Measures ANOVA:One-way
6.9 Empirical Study of Repeated Measures ANOVA:Two-way

]
95
95
96
97

100

114
114
116
117
117
119
120
120
120
121
121
122
122
123
124
138

140
140
141
143
145
146
146
153
165
171

v
7. Multiple Analysis of Variance (MANOVA)
7.1 Introduction

7.2 One-way MANOVA

7.3 Two-way MANOVA

7.4 Test Statistics for MANOVA

7.5 Empirical Study of MANOVA

8. Analysis of Covariance (ANCOVA)

8.1 Introduction

8.2 ANCOVA Model

8.3 Assumptions of ANCOVA Model
8.4 Empirical Study of ANCOVA

Appendix
References and Resources

175
175
176
178
179
181

201
201
201
203
204

220
225

OGN SN

mqé:mé:ueﬂmowaqﬁgﬁ m:@:oéﬁrﬁ R s¢ @égnﬁq@: qguo&mi:qé‘

¢ [g8coTegearn fggondegdog sfilgoiadmadapa} gdmiiodes,
-jdmiqjﬁgafg:@ﬁgéq; ma@émcﬁ:mé:u@ﬂ:ﬂﬂgnﬁ R rr?f Gq:mﬂta?ogcoé}mén

=]

038:00P4 1328|0532 0005403 npSenfgeedoop) c34iqEomeaopd: (univariate

'L'Ilrii.'.hll.‘}ﬂ;% mm@:@loangqjmf 3@53@:@9’% Gﬁﬂﬂ%q}ﬁ%qicpﬁime_g ng:;:ﬂéq.ﬁ? (bivariate
variables) oBaa3{0) Bq:qéisondedygpiod cudooodB: eoadimd: vpraliep model
crdgeBodclug eqoimgoncsons Becsenlmaamat s shedt cics4esRaosatnds
wedadd epalangoop] mqé:mé:uaﬂqﬁﬁémqé:mé:qp: oloéga0pdi eegon
2025::962000p00908¢ 0USpsd900 HRgOgMeny B(0Y 0303eulE:0808, cguSay
'}CI“""!'% ES ¢ ':‘ L G, 1 , i, : <= . I 5 '] 3
go0p03gj038edg) coondgoigfiad cqraonapodeodB: [adulopSs
MM poud BB PIYPIEE BE(OIC 12§ OE GosD
coog e c . c e 0 C g =] C
093004 m$e200 3iyodg)ma} qecoscoagom [cligudaqpeiln Sesepyr eadcean
melopCimqpop) 2:9ei0p] H:uodgdnd ojytecgeoddeaneford M3§:qéyp:
Blmoioodedgel eVI0 vedMEPIEEBOY wmedgfens cddiqlmgp:
(multiple variables) ﬁ%ﬁm}MSd:aai:E#o%@E:m EE&%:!?GE]:U‘!E&}‘)UFID.JETD ofarrgal]n%si
weam®BM(Y] [0444:(0¢mayoaqpeémoy cgudmgomalifo software gpieol
0Q$:0008 6203005+ m:ﬁ:EJLqmé mmé@ém;&é:mé:u@ﬁém qé:m@:qp:sﬁ
r!%.%gfmc%:aiup;m Gm?tﬁd%é:mé?mt&uﬁ @ﬁmémﬁéméu $2510091601¢:9
3§o268 cqcSoggo BSsofierfiosed cdvpedi oqpovogs wferpolostzodls
20051 $05§090) Bo¢(ECeqEiaE:0pRE M §25:0061601E:907 ORI e

= By ¢ ¢ ¢ e e ¢ % e
§Cemné modeodecuiondy [pfeopdicoiqd c§congulangss

vi

986082096200 65,05 cggnofgongoculéignd n3§:qEsd90005 J8en 0381qé
Bypiofadeg) sopondedopigpdicod: (multivariate analysis techniques) gpiofadg)
eqc:§Eeoqincies magudarmenparmodefgrniseqimoge’ s cyoprgrdcodmecn:
[sp3s0pS:q8 “meog[e¢ooqiiaacioprnmeogo’ R (R for Advanced Statistics) 03[ encd
ddegigngdnadi mao¢fedeoqdimiivprmoynd ;mé[gqepimemndimep §p5:c0é:
4P qprafoafeoneoid 48§E:38: 203(2) of spodeoc§adulogss

aflesndal medio)oopS multivariate analysis &f m6(gd0coomepigpiad
oé[goontulaopSn Bed:( j)oopS madigpieooo multiple linear regression o me0:808
o€[Goonolaop :esx(3)aopS logistic regression of binary logistic, multinomial
logistic §¢ ordinal logistic 02003 B{men()Hg¢ Egoontulopdn 2edi(s) &¢
(9) 205 principle component analysis ¢ factor analysis of 0fcuSfgeooiol 205
294§:(B)0p5 odeso:ad§:ondg(sdeooo analysis of variances (ANOVA) o3 qc:(0
cotoloopSn majuledesoial 146 soadedayed multivariate analysis of variances
(MANOVA) rﬁmai:[?]oaé mE@mr.ﬂméu c4pma: magifedeomagi(e)nps
analysis of covariances (ANCOVA) o} oxé[geontdlonpdn gjenspdol mgj eaonmsd:
qpi20pS multivariate analysis o303 gpS:c0diqpievyodeandcopd: spSiopome
so0d0desene(moé cpdagéieudfiooniloopd powsmafsé ANOVA o3 MANOVA
[6¢ soadedaqd cedfgeoniclaopde

wynodcocdndean “Baogeesqd:méiopomoad R - 103 ()" of vodgd)
§0d346200 390§ (8§ 0o9C:308:0p0090000q04p:03 R program §§o3S: mcgudonmy
wéerpanmn vpoadodimydemndionds viodi§émepdyy vi@pSegSaodsol
mén

ealodoxdiods, PhD
ooéimé:0p00

qo3gn 1 0g-g-Joog



