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Course Outline
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Session: 

 

DAY 1 
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Session 3 
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Session 6 

 

TOPIC: 

 

 

 

INTRODUCING MULTIVARIATE ANALYSIS AND R 

 

USING R FOR BASIC ANALYSIS 

 

 

 

USING R FOR AN(C)OVA 

 

USING R FOR REGRESSION ANALYSIS 

 

 

 

USING R FOR SCALING AND FACTOR ANALYSIS 

 

USING R FOR SEM and PLS PATH MODELING 

 

 



Positioning AN(C)OVA…
Hair et al. (2018); Malhotra (2010)
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Multivariate Data Analysis Tools

Dependence 

Techniques

Interdependence 

Techniques

• AN(C)OVA

• Regression 

Analysis

• Conjoint 

Analysis

Variables Objects

Y Xi

Metric Nominal

Metric Metric

Metric Nominal

• Factor 

Analysis

• Cluster 

Analysis

• Perceptual 

Mapping



Correlation Analysis
Hair et al. (2018); Malhotra (2010)

 The (Pearson) product moment correlation, ρ, summarizes the strength of 

association between two metric (at least interval) variables [-1, 1].

 Assumptions

 Metric (at least interval) variables

 Independent, random sample 

 Linearity

 (Bivariate) Normal distribution

 Homoscedasticity

 No causality!

 Outliers!
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Correlation Analysis
Hair et al. (2018); Malhotra (2010)

 Covariance [-∞, + ∞]

 (Pearson Product-Moment) Correlation Coefficient [-1, 1]
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Correlation Analysis
Hair et al. (2018); Malhotra (2010)

 Hypotheses

 H0: correlation coefficient (ρ) = 0

 H1: correlation coefficient (ρ) ≠ 0

 Test statistic

 Effect Size (r) Effect Size (R2)

0.10 0.02 small

0.30 0.13 medium

0.50 0.26 large
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Correlation Analysis
Hair et al. (2018); Malhotra (2010)

Correlation Analysis

X1i X2i X3i X4i

Correlation Matrix

X1i X2i X3i X4i

X1i

X2i

X3i

X4i

1

1

1

1

bivariate
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SPSS Application
TAM Data

 Data Set Data-01.sav (n=439)

 Constructs and Items
 Perceived Ease of Use (PEU, Q1-Q3)
 Perceived Usefulness (PU, Q4-Q6)
 Attitude (ATT, Q7-Q9)
 Intention (INT, Q10-Q12)

 Reliability Analysis (Coefficient )
 PEU 0.93
 PU 0.92
 ATT 0.92
 INT 0.87
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SPSS Application
TAM Data

1

2

21

Perceived Ease of Use

Perceived Usefulness

Attitude Intention to Use

Construct Items

PEU Q1, Q2, Q3

PU Q4, Q5, Q6

ATT Q7, Q8, Q9

INT Q10, Q11, Q12

Davis et al. (1989)
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Davis et al. (1989)
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Conducting Regression Analysis 
Hair et al. (2018); Malhotra (2010)

1.  Regression Model

2.  Regression Assumptions

3.  Estimation Procedure

4.  Significance Testing/Model Fit

5.  Assessing Assumptions

6.  Advanced Topics
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Twoway-ANOVA

Yi

2

1

3

X1i

2

1

X2i

Regression Analysis

Yi X1i X2i

0

1

Yi

OLS Regression Analysis

Logistic Regression Analysis

GLM: General Linear Model

X3i

1.  Regression Model
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2.  Regression Assumptions 
Hair et al. (2018); Malhotra (2010)

 Assumptions 
 Independent and dependent variables are metric (at least interval)

 For each combination of Xi values there is a normally distributed 

subpopulation of Yi values (with equal variances)

 All Yi values are independent

 The ERROR term has a mean of 0 (with equal variances)

 There does not exist any exact linear relationship between the Xi’s 

(assumption of no multicollinearity)

 Model is correctly specified (no omitted an/or irrelevant variables)
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3.  Estimation Procedure 
Hair et al. (2018); Malhotra (2010)

 Model
 Yi=a + b1*X1i + b2*X2i + ERRORi

 Estimation of Parameters
 Ordinary Least Squares Estimation

 Minimize Σ (Predicted Y-Observed Y)2

 Fit Measures
 R2 (Adjusted R2)
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Regression Analysis
TAM Data

PEU

(“X”)

PU

(“X”)

Attitude

(“Y”)

1

2

21

Perceived Ease of Use

Perceived Usefulness

Attitude Intention to Use
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OLS Principle
TAM Data

Y RESPRED

PRED_Attitude = 1.889 + 0.347*PEU + 0.179*PU

X X
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4.  Significance Testing/Model Fit 
Hair et al. (2018); Malhotra (2010)

 Overall Significance of a Multiple Regression Model (F test)
H0: R

2 = 0
H1: R

2>0

DF1=1, DF2=n-k-1

 Significance of the Individual Regression Coefficients (t test)
H0: bi=0
H1: bi≠0

DF=n-k-1

20



Regression Analysis
TAM Data
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Regression Analysis
TAM Data
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Regression Analysis
TAM Data
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Regression Analysis
TAM Data

F test

(p value)

R2=72.751/350.958=0.207

Variance explained

Error variance

Total variance

Model Fit
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Regression Analysis
TAM Data

Coefficients

B, Beta

t test

(p value)

Correlations TOL= 1-R2(All other X)

VIF = 1/TOL

VIF> 5, Multicollinearity!
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Normality Assumption

5.  Assessing Assumptions
Hair et al. (2018); Malhotra (2010)
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Linearity
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5.  Assessing Assumptions
Hair et al. (2018); Malhotra (2010)



Outlier Detection: Residual Analysis

ෝ𝒚 = 𝟎
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5.  Assessing Assumptions
Hair et al. (2018); Malhotra (2010)



Regression Revisited…

Homoscedasticity
Homoscedastic

Heteroscedastic
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Correlation Analysis

Editor
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Correlation Analysis

Console
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Correlation Analysis

Console
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Correlation Analysis

Graphics
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Regression Analysis

Editor

34



Regression Analysis

Console
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Regression Analysis
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Console



Regression Analysis

Graphics
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Regression Analysis

Graphics
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Regression Analysis

Graphics
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Regression Analysis

Graphics
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Cook's distance

Residuals vs Leverage

4181431
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6. Advanced Topics: Nominal Variables
Malhotra (2010); Pallant (2016)

 Can nominal data be used in regression analysis?

 Yes, how?
 By using dummy variables (0,1)

41

Two categories

Dummy

A 1

B 0

Three Categories

Dummy1           Dummy2

A 1 0

B 0 1

C 0 0

Two categories

Effect

A 1

B -1

Three Categories

Effect1 Effect2

A 1 0

B 0 1

C -1 -1

R package: 

dummies



6. Advanced Topics: Nominal Variables
Malhotra (2010); Pallant (2016)
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Create Dummy Variables



6. Advanced Topics: Nominal Variables
Malhotra (2010); Pallant (2016)
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Promotion  D1  D2

1                  1     0

2                  0     1

3                  0     0

Department Store Data (Malhotra, 2010, Table 16.2)

8.30
6.20
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6. Advanced Topics: Nominal Variables

Editor
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6. Advanced Topics: Nominal Variables

Console
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6. Advanced Topics: Nominal Variables

Console



6. Advanced Topics: Equality of Coefficients

Testing Equality of Coefficients

General Approach

(1) Yi = a + b1*X1i + b2*X2i + b3*X3i + ERROR (unconstrained model) 

Assume H0: b1 = b2

(2) Yi = a + b1*X1i + b1*X2i + b3*X3i + ERROR (constrained model) 

(3) Yi = a + b1*(X1i + X2i)+ b3*X3i + ERROR (constrained model) 

Compare (1) and (3) using:
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(R2
U-R2

C)*(n-k-1)

(1-R2
U)*j

n=number of observations

k=number of variables in unconstrained model

j=number of constraints
F(j,n-k-1) = 



6. Advanced Topics: Equality of Coefficients
Hayes (2013); Hayes and Matthes (2009)
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dandimp=duration + 

importance



6. Advanced Topics: Equality of Coefficients
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(R2
U-R2

C)*(n-k-1)

(1-R2
U)*j

F(j,n-k-1) = 

0.945-0.931*(12-2-1)

(1-0.945)*1
F(1,9) = 

UNconstrained model

Constrained model (b1=b2)

F(1,9) = 2.29 (p=0.16)

b1=b2



6. Advanced Topics: Equality of Coefficients
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SPSS Macro

TestEqualityofCoefficients.sps

F stat     DF1     DF2       p value

2.29       1       9         .164430



6. Advanced Topics: Equality of Coefficients
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Extension (*.spe)

Equality of Coefficients



6. Advanced Topics: Equality of Coefficients
Hayes (2013); Hayes and Matthes (2009)
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Integration



6. Advanced Topics: Equality of Coefficients
Hayes (2013); Hayes and Matthes (2009)
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Integration



Alte       native…
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Baron and Kenny (1986)
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Preacher and Hayes (2004)
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Hayes, A. F. (2013). Introduction to Mediation, Moderation, and 

Conditional Process Analysis: A Regression‐Based Approach. New 

York, NY: The Guilford Press.

Hayes, A. F. (2018). Introduction to Mediation, Moderation, and 

Conditional Process Analysis: A Regression‐Based Approach. New 

York, NY: The Guilford Press.
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Darlington, R. B., & Hayes, A. F. (2016). Regression Analysis and 

Linear models: Concepts, Applications, and Implementation. New 

York, NY: The Guilford Press.



PROCESS Macro
http://www.processmacro.org/
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http://www.processmacro.org/


Mediation Moderation

6.  Advanced Topics
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Mediation 
Preacher and Hayes (2004)

X Y
c

M

a b

c’

c’= 0 → COMPLETE (FULL) mediation
c’ ≠ 0 → PARTIAL mediation
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Mediation
Preacher and Hayes (2004)

 Regression  Approach to Mediation
1. Y = i1 + c*X + ERROR1

2. M = i2 + a*X + ERROR2

3. Y = i3 +  c’*X + b*M + ERROR3

 Sobel (1982) test
 H0: a*b = 0  (c – c’)
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Mediation (Preacher and Hayes, 2004) 

Mediation Data

Y

DV

X

IV

M

Mediator
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6. Advanced Topics: Mediation And Moderation
Hayes (2013); Hayes and Matthes (2009); Preacher and Hayes (2004)
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Mediation Moderation



6. Advanced Topics: Mediation
Hayes (2013); Preacher and Hayes (2004)
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X Y
c

M

a b

c’

c’= 0 → COMPLETE (FULL) mediation

c’ ≠ 0 → PARTIAL mediation

Mediator



6. Advanced Topics: Mediation
Hayes (2013); Preacher and Hayes (2004)
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Satisfaction Behavior

c

Loyalty

a b

c’

Mediator



6. Advanced Topics: Mediation
Hayes (2013); Preacher and Hayes (2004)

 Regression  Approach to Mediation

1. Y = i1 + c*X + ERROR1

2. M = i2 + a*X + ERROR2

3. Y = i3 +  c’*X + b*M + ERROR3

 Sobel (1982) test

 H0: a*b = 0  (c – c’=0)
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6. Advanced Topics: Mediation
Hayes (2013); Preacher and Hayes (2004)
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6. Advanced Topics: Mediation
Hayes (2013); Preacher and Hayes (2004)

69

Custom Dialogs (*.spd)

PROCESS Macro

(http://www.afhayes.com/)

Bootstrapping!



6. Advanced Topics: Mediation
Hayes (2013); Preacher and Hayes (2004)
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templates.pdf



6. Advanced Topics: Mediation
Hayes (2013); Preacher and Hayes (2004)
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6. Advanced Topics: Mediation
Hayes (2013); Preacher and Hayes (2004)
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6. Advanced Topics: Mediation
Hayes (2013); Preacher and Hayes (2004)
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Sobel test

a*b (0.5132*0.4494) = c-c’ (0.2581-0.0275)=0.2306

Bootstrap Results (5000 resamples [10000])

c

c

c’



6. Advanced Topics: Mediation
Hayes (2013); Preacher and Hayes (2004)
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X Y

M

a=0.5132 b=0.4494

c=0.2581

c’= 0 → COMPLETE (FULL) mediation

c’ ≠ 0 → PARTIAL mediation

c’=0.0275 (ns)



Regression Analysis

Editor
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Regression Analysis

Console
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Regression Analysis

Console
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Regression Analysis

Console
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density.default(x = med.boot$t)
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Regression Analysis
Console
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Regression Analysis
Graphics

80

Mediation model

X Y

M

0.5131907977

c =  0.2581270318

c' =  0.0275007032

0.4493968512



Moderation
Hayes and Matthes (2009)

X Y

Z
Moderator
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Moderation
Hayes and Matthes (2009)

X Y

Z

X*Z
Interaction Effect!

Z→Y n.s. FULL moderation
Z →Y sig PARTIAL moderation
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6. Advanced Topics: Moderation
Hayes (2013); Hayes and Matthes (2009)

 Equations:

Yi= a + b1*Xi + b2*Zi + b3*Zi*Xi + ERROR

Yi= a + (b1 + b3*Z)*Xi + b2*Zi + ERROR

What happens if b3 = 0?

Yi= a + (b1 + 0*Z)*Xi + b2*Zi + ERROR

Yi= a + b1*Xi + b2*Zi + ERROR
83

No Moderation!



6. Advanced Topics: Moderation
Hayes (2013); Hayes and Matthes (2009)
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Custom Dialogs (*.spd)

PROCESS Macro

(http://www.afhayes.com/)

Bootstrapping!



6. Advanced Topics: Moderation
Hayes (2013); Preacher and Hayes (2004)

85

templates.pdf



6. Advanced Topics: Moderation
Hayes (2013); Hayes and Matthes (2009)
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Spiller et al. (2013): 

Floodlight Analysis



6. Advanced Topics: Moderation
Hayes (2013); Hayes and Matthes (2009)
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Incremental F test

Conditional Effects



6. Advanced Topics: Moderation
Hayes (2013); Hayes and Matthes (2009)
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SPSS.PROCESS.Moderation.Plot.sps



6. Advanced Topics: Moderation
Hayes (2013); Hayes and Matthes (2009)
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MEAN ± SD



6. Advanced Topics: Moderation
Hayes (2013); Hayes and Matthes (2009)
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MEAN ± SD



Spiller et al. (2013)
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Regression Analysis

Editor
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Regression Analysis

Console
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Regression Analysis

Console
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Regression Analysis

Graphics

-3 -2 -1 0 1 2

2
3

4
5

Centered X

R
a

w
 Y

zHigh
zLow

95



Regression Analysis

Graphics
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Regression Analysis

Console
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Regression Analysis

Editor
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6. Advanced Topics: Moderation
Hayes (2013); Hayes and Matthes (2009); Spiller et al. (2013)

 Equations:

Yi= a + b1*Xi + b2*Zi + b3*Zi*Xi + ERROR

Yi= a + (b1 + b3*Z)*Xi + b2*Zi + ERROR

What happens if b3 = 0?

Yi= a + (b1 + 0*Z)*Xi + b2*Zi + ERROR

Yi= a + b1*Xi + b2*Zi + ERROR
99

No Moderation!



Regression Analysis

Graphics
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(m+sd)
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Moderation
Hayes (2013); Hayes and Matthes (2009)
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Z (M=4.23; SD=1.27)

Y.MEAN=-0.1238+0.4689*X+0.0956*4.23+0.0786*4.23*X

Y.MEAN=0.2806+0.8014*X

Y+1*SD=-0.1238+0.4689*X+0.0956*5.50+0.0786*5.50*X

Y+1*SD=0.4020+0.9012*X

Y-1*SD=-0.1238+0.4689*X+0.0956*2.95+0.0786*2.95*X

Y-1*SD=0.1582+0.7008*X



Moderation
Hayes (2013); Hayes and Matthes (2009)
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Moderation
Hayes (2013); Hayes and Matthes (2009)
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Moderation
Hayes (2013); Hayes and Matthes (2009)
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X
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Surface Plot



Regression Analysis

Graphics
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Regression Analysis
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Regression Analysis
Graphics

107



G*Power
http://www.gpower.hhu.de/

108

http://www.gpower.hhu.de/


G*Power Sample Size Determination
http://www.gpower.hhu.de/

109

R2 = 0.30

f2 = 0.4286

3 IVs

n = 30

http://www.gpower.hhu.de/


G*Power Sample Size Determination
http://www.gpower.hhu.de/
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X-Y plot for 

range of 

values

http://www.gpower.hhu.de/


IBM SPSS and 

111



IBM SPSS and 
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n = v + u + 1 = 26 + 3 + 1 = 30
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Thank you for

Your Attention!
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