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Exploratory Factor Analysis
Hair et al. (2018); Malhotra (2010); Pallant (2016)

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
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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! 7



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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The Relevance of Theory…
Bacharach (1989, p. 499)

Constructs
PROPOSITIONS

HYPOTHESES
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Variables

Constructs

Variables
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Psychometric Properties
Netemeyer et al. (2003)

 (Uni)Dimensionality
 A unidimensional measure underlies a single construct or factor

 Reliability
 The portion of measurement that is due to permanent effects that 

persist from sample to sample

 (Construct) Validity
 How well does a measure actually measure the construct it is 

intended to measure

15



Unidimensionality
Netemeyer et al. (2003)

F1

X1 X2 X3 X4
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Multidimensionality
Netemeyer et al. (2003)

F1

X1 X2 X3 X4

F2

X5 X6 X7 X8

F3

X9 X10 X11 X12
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Hierarchical Model
Netemeyer et al. (2003)

F1

X1 X2 X3 X4

F2

X5 X6 X7 X8

F3

X9 X10 X11 X12

H
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Illustration: Model
Netemeyer et al. (2003)

F1

X1 X2 X3 X4

0.9 0.8 0.7 0.4

F2

X5 X6 X7 X8

0.9 0.8 0.7 0.6

0.6

0

Loadings (l1,…,l8)

“Cross-Loading” (cl1)
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Illustration: Obtaining Correlations
Netemeyer et al. (2003)

Cor(X1,X2)=l1*l2=0.9*0.8=0.72

Cor(X1,X3)=l1*l3=0.9*0.7=0.63

…

Cor(X1,X8)=l1*cl1=0.9*0.6=0.54

…

Cor(X7,X8)=l7*l8=0.7*0.6=0.42
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Illustration: Correlation Matrix
Netemeyer et al. (2003)
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Illustration: SPSS Input
Netemeyer et al. (2003)

ROWTYPE_
VARNAME_
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Illustration: Exploratory Factor Analysis
Netemeyer et al. (2003)

FACTOR

/MATRIX=IN(COR=*)

/MISSING LISTWISE 

/ANALYSIS X1 X2 X3 X4 X5 X6 X7 X8

/PRINT UNIVARIATE INITIAL KMO REPR AIC EXTRACTION ROTATION

/PLOT EIGEN

/CRITERIA MINEIGEN(1) ITERATE(25)

/EXTRACTION PAF

/CRITERIA ITERATE(25)

/ROTATION VARIMAX

/METHOD=CORRELATION.
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Illustration: SPSS Output
Netemeyer et al. (2003)
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Exploratory Factor Analysis (EFA)

Introduction

 Exploratory Factor Analysis

“Factor analysis is one of the more frequently used procedures in marketing 

research and, in fact, it has been cited as the most widely applied multivariate 

technique in the social sciences (Acito and Anderson 1980, 228).”

 Modes of (Exploratory) Factor Analysis (Stewart, 1981):

 R Factor Analysis → Variables by Persons

 Q Factor Analysis → Persons by Variables → Cluster Analysis

 Types of Factor Analysis (Stewart, 1981):

 Exploratory Factor Analysis (EFA)

 Confirmatory Factor Analysis (CFA)

25



Exploratory Factor Analysis (EFA)

Graphical Representation of Model

F1

X1 X2 X3 X4

E1 E2 E3 E4

b11 b12 b13 b14

F2 F3

VAR(Xi) = Common Variance + Error Variance
VAR(Xi) = Communality + Uniqueness
VAR(Xi) = hi

2 + di
2 (di

2 = 1 - hi
2)

VAR(Xi) = bij
2 + Ei

Factor Correlations
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Exploratory Factor Analysis (EFA): Analysis Approach 
Hair et al., 2018; Malhotra, 2010; Pallant, 2016

Objectives of Factor Analysis1

Designing Factor Analysis2

Assumptions for Factor Analysis3

Deriving Factors and Assessing Overall Fit4

Interpreting Factor Analysis5
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1. Objectives of Exploratory Factor Analysis
Hair et al. (2018); Malhotra (2010); Pallant (2016)

 Identifying an Underlying Causal Structure (Understanding Latent Constructs)

 Data Reduction

28



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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2. Designing Exploratory Factor Analysis
Hair et al. (2018); Malhotra (2010); Pallant (2016)

 Measurement Level
 Metric (At Least Intervally Scaled → Correlations)

 Variables
 At Least Three Manifest Variables (Indicator) per Latent Variable (Factor)

 Sample Size 
 n > 50 [100] (At Least 5 [10] Observations per Manifest Variable)

 Random Sampling

31

n <

“Strong Data”:  high loadings, no (substantial) 

cross-loadings, multiple variables per factor 



SPSS Application
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3. Assumptions for Exploratory Factor Analysis
Hair et al. (2018); Malhotra (2010); Pallant (2016)

 Normality

 Linearity

 No outliers

 Substantial Number of Correlations > 0.30
 Visual Inspection
 Bartlett’s Test of Sphericity
 Measure of Sampling  Adequacy

33



SPSS Application

34



SPSS Application

≥0.6

H0: Identity Matrix
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4. Deriving Factors and Assessing Overall Fit
Hair et al. (2018); Malhotra (2010); Pallant (2016)

 Criteria for the Number of Factors to Extract

 Latent Root or Kaiser Criterion (Eigenvalues > 1)

 Scree Test Criterion

 A Priori Criterion

 Proportion of Variance  Accounted for (e.g., > 60%)

 More Advanced Methods (Conway and Huffcutt, 2003):

 Parallel Analysis

 Minimum Average Partial Method

36



Common Factor Analysis (PAF) vs. Principal 

Components (PC) Analysis

 PC is based on a correlation matrix as input with “1”’s on 

the diagonal (all variance is redistributed over the 

components)

 PAF is based on a correlation matrix as input with common 

variance (<1) on the diagonal (only the shared variance is 

redistributed over the components). SMC (squared 

multiple correlation) of each variable with all other 

variables is used as starting value

37



SPSS Application

PC PAF

38



SPSS Application
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SPSS Application

40



SPSS Application
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Advanced Methods to Determine the Number of 

Factors in EFA

 Parallel Analysis (Horn, 1965)

 MAP test (Velicer, 1976)

 Maximum Likelihood (ML) Factor Analysis (2 test)

42



O’Connor (2000)

43



Parallel Analysis: SPSS Application 
O’Connor (2000)

* DATA ========================================================>.
* Open the SPSS data file and enter the variable names on the variables line, e.g. "/VAR= q1 to q10".

GET raw /FILE = * 
/ missing=omit
/ VAR =q1 to q12. /*Enter variable names here!.

* ENTER OPTIONS! =======================================>.

Active Data File!

Variable Names!

44



Parallel Analysis: SPSS Application
O’Connor (2000)

Run MATRIX procedure:

PARALLEL ANALYSIS:

Principal Components & Random Normal Data Generation

Specifications for this Run:

Ncases     439

Nvars       12

Ndatsets  1000

Percent     95

Raw Data Eigenvalues, & Mean & Percentile Random Data Eigenvalues

Root     Raw Data        Means     Prcntyle

1.000000     5.497684     1.278902     1.346217

2.000000     1.861609     1.203786     1.250480

3.000000     1.555539     1.146351     1.184455

4.000000     1.352225     1.099147     1.138645

5.000000      .360418     1.053659     1.085723

6.000000      .241010     1.013332     1.044202

7.000000      .217518      .973233     1.004229

8.000000      .207260      .932973      .962753

9.000000      .188616      .892773      .925738

10.000000      .180428      .851332      .886614

11.000000      .172986      .805433      .842883

12.000000      .164708      .749077      .794979

------ END MATRIX -----

EV > Random Data
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MAP Test: SPSS Application
O’Connor (2000)

46



MAP Test: SPSS Application 
O’Connor (2000)

* DATA ========================================================>.
* Open the SPSS data file and enter the variable names on the variables line, e.g. "Variables= q1 to q10".

Correlation  
Variables= q1 to q12 /*Enter variable names here!.

/matrix out (*)  /missing = listwise.

* ========================================================>.

Variable Names!

Active Data File: 
Matrix Data!
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MAP Test: SPSS Application 
O’Connor (2000)

Velicer's Average Squared Correlations

.000000      .199559

1.000000      .119585

2.000000      .141272

3.000000      .144236

4.000000      .048378

5.000000      .073491

6.000000      .097302

7.000000      .152419

8.000000      .204150

9.000000      .304644

10.000000      .481952

11.000000     1.000000

The smallest average squared correlation is

.048378

The number of components is

4

smallest average squared correlation

4 Factors!
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ML Factor Analysis (2 test): SPSS Application

H0: F=4

49



5. Interpreting Exploratory Factor Analysis
Hair et al. (2018) ; Malhotra (2010); Pallant (2016)

 Rotation

 Orthogonal Rotation (No Interfactor Correlation Allowed)

 Oblique Rotation (Interfactor Correlation Allowed)

 Factor Pattern Matrix (Loadings)

 Factor Structure Matrix (Correlations)

 Significance of Factor Loadings

  0.50 (n=120, =0.05, 1- (power)=0.80)

  0.70 (n=60, =0.05, 1- (power)=0.80)

50



5. Interpreting Exploratory Factor Analysis
Hair et al. (2018) ; Malhotra (2010); Pallant (2016)

 Interpretability

 Inspect Factor Pattern Matrix (Using Orthogonal Rotation the Factor Pattern 
and Structure Matrix are Equivalent!) and Communalities

 Are There At Least Three Manifest Variables (Indicators) Loading on a Latent 
Variable Factor?

 Do These Manifest Variables (Indicators) Share Some Conceptual Meaning?

 Do the Manifest Variables (indicators) that Load on Different Factors Seem 
to be Measuring Different Constructs

51



SPSS Application
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Exploratory Factor Analysis (EFA): High Quality EFA 

Decisions? (Conway and Huffcutt, 2003)

1. Factor Extraction Model
 Common Factor Analysis Model

2. Number of Factors
 Multiple Methods

3. Type of Rotation
 Oblique Rotation, PROMAX

4. Reporting
5. Sample size, sample-to-variable ratio and variable-to-factor 

ratio
 Large samples (> 400)
 5:1 (Sample-to-variable ratio)
 4:1 (variable-to-factor ratio)
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Higher-Order Factor Analysis

F1

X1 X2 X3 X4

F2

X5 X6 X7 X8

F3

X9 X10 X11 X12

H
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Higher-Order Factor Analysis

F1

X1 X2 X3 X4

F2

X5 X6 X7 X8

F3

X9 X10 X11 X12

H
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Higher-Order Factor Analysis: SPSS Application 
Wolff and Preising (2005)

56
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Higher-Order Factor Analysis: SPSS Application 
Wolff and Preising (2005)
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Higher-Order Factor Analysis: SPSS Application 
Wolff and Preising (2005)



* Schmid-Leiman Solution for 2 level higher-order Factor analysis.

Matrix.

* ENTER YOUR SPECIFICATIONS HERE.

* Enter first-order pattern matrix.

Compute F1=

{.890, -.016, .035, -.004;

.907, -.004, -.011, .003;

.900, .023, -.013, .007;

-.039, .884, .016, .030;

.005, .901, .026, -.020;

.037, .900, -.041, -.003;

.014, .003, .915, -.022;

.011, -.017, .889, -.028;

-.016, .017, .866, .051;

.005, -.005, -.034, .778;

.008, .015, -.006, .883;

-.007, -.004, .039, .872}.

* enter first-order variable names.

compute varname={"q1"; "q2"; "q3"; "q4"; "q5"; "q6"; "q7"; "q8"; "q9"; "q10"; "q11"; "q12"}.

*enter first-order factor names.

compute f1name={"F1", "F2", "F3", "F4"}.

* enter second-order factor loadings.

Compute F2={0.644; 0.638; 0.614; 0.672}.

*enter second.order factor names.

compute f2name={"General1"}.

* END OF INPUT.

First-order loadings (PAF, 
Promax)!

Second-order 
loadings!

59

Higher-Order Factor Analysis: SPSS Application 
Wolff and Preising (2005)



factor loadings of Schmid-Leiman Solution and h²

General1       F1       F2       F3       F4 H² total     H² G   H² 1st

q1      .582     .681    -.012     .028    -.003     .803     .338     .465

q2      .577     .694    -.003    -.009     .002     .814     .333     .482

q3      .591     .689     .018    -.010     .005     .824     .349     .475

q4      .569    -.030     .681     .013     .022     .789     .324     .465

q5      .581     .004     .694     .021    -.015     .819     .337     .482

q6      .571     .028     .693    -.032    -.002     .808     .326     .482

q7      .558     .011     .002     .722    -.016     .833     .311     .522

q8      .523     .008    -.013     .702    -.021     .767     .274     .493

q9      .567    -.012     .013     .684     .038     .790     .321     .469

q10     .502     .004    -.004    -.027     .576     .585     .252     .333

q11     .604     .006     .012    -.005     .654     .793     .365     .428

q12     .603    -.005    -.003     .031     .646     .781     .363     .418

sum of squared loadings

General1       F1       F2       F3       F4    total

H²    3.894    1.421    1.426    1.485    1.179    9.406

%      .414     .151     .152     .158     .125    1.000

percentage of exracted variance explained by general factors (%)

.414

percentage of extracted variance explained by first order factors (%)

.586

------ END MATRIX -----
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Higher-Order Factor Analysis: SPSS Application 
Wolff and Preising (2005)



Alte      native…

 EFA in R: package psych (http://personality-project.org/)

61

http://personality-project.org/


Alte       native…

 Book (http://www.personality-project.org/r/book/) 
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Factor Analysis

Editor
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Factor Analysis

Console
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Factor Analysis

Console
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Factor Analysis

Console
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Factor Analysis

Graphics
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Factor Analysis

Graphics
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Factor Analysis

Console
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Factor Analysis

Console
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Factor Analysis

Editor
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Factor Analysis

Graphics
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Factor Analysis

Console
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Factor Analysis

Console
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Reliability: Cronbach’s Alpha

 Coefficient (Cronbach’s) Alpha (ranges: 0-1, cut-off value: 

0.7 [0.6 or 0.8])
 Multiple Items

 Additive = recode reverse-scored items (MEAN SCORES!)

 Key Assumption: UNIDIMENSIONALITY (Cortina, 1993)
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Reliability: Coefficient Alpha

Analyze →
Scale →
Reliability Analysis
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Reliability: Coefficient Alpha
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Reliability: Coefficient Alpha

Reliability Statistics

-1.297 -1.550 3

Cronbach's

Alpha
a

Cronbach's

Alpha Based

on

Standardized

Items
a

N of Items

The value is negative due to a negative average

covariance among items. This violates reliability model

assumptions. You may want to check item codings.

a. 

Inter-Item Correlation Matrix

1.000 .873 -.858

.873 1.000 -.778

-.858 -.778 1.000

v1  Prevents Cavities

v3  Strengthen Gums

v5  Tooth Decay

Unimportant

v1  Prevents

Cavities

v3  Strengthen

Gums

v5  Tooth

Decay

Unimportant

What happened here?

Inter-Item Correlation Matrix

1.000 .873 .858

.873 1.000 .778

.858 .778 1.000

v1  Prevents Cavities

v3  Strengthen Gums

v5r

v1  Prevents

Cavities

v3  Strengthen

Gums v5r

Reliability Statistics

.938 .939 3

Cronbach's

Alpha

Cronbach's

Alpha Based

on

Standardized

Items N of Items
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Reliability: Coefficient Alpha

“Shared”= 2*(0.810 + 0.814 + 0.817) = 4.882

“Unique”= 1 + 1+ 1 = 3

Cronbach’s α

=k/(k-1)*(“shared”/”shared” + “unique”)

=3/(3-1) * (4.882/4.882+3 )

=1.5*0.619=0.929
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Reliability: Coefficient Alpha

Perceived Ease of Use

Perceived Usefulness

Attitude Intention to Use
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Reliability Analysis

Console
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Kelly and Pornprasertmanit (2016)

82

R Package MBESS
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Thank you for

Your Attention!
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