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Professor Shiau is widely recognized as one of Taiwan’s leading scholars in structural
equation modeling (SEM). With an extensive record of publications in quantitative research
methodologies, he has made significant contributions to the field. In this book, he not only
provides a comprehensive introduction to SPSS techniques but also integrates cutting-edge
concepts and advanced methodologies using SmartPLS. The book covers a broad spectrum
of topics, including the historical development of SEM, formative assessment, mediation,
moderation, measurement invariance, multi-group analysis, mediated moderation,
moderated mediation, and mixed methods research.

— Provost, Beijing Normal University-Hong Kong Baptist
University United International College, Zhuhai, China

— Emeritus Editor of Information and Management (I&M)
Patrick Y.K. Chau

Professor Mac Shiau (Wen-Lung Shiau) is an internationally renowned expert in
structural equation modeling (SEM), with a particular specialization in partial least squares
structural equation modeling (PLS-SEM). His extensive contributions to the field have
significantly advanced both theoretical and applied research. In this book, Professor Shiau
comprehensively introduces Regression, Process, CB-SEM, and PLS-SEM methodologies
while exploring advanced analytical techniques, including measurement invariance
assessment, multi-group analysis, mediation, moderation, and more. With a clear and
structured approach, this book serves as an essential guide for understanding and applying

modern statistical modeling techniques.

I strongly recommend this book to researchers and practitioners alike who seek to
deepen their knowledge of statistical modeling and enhance their research capabilities. It is

an invaluable resource for both academic and professional advancement.

—Prof Wei Kwok Kee, President, SIM Global Education
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Prior to his current appointment, Prof Wei was the Founding Dean of the School of
Continuing and Lifelong Education (SCALE) at the National University of Singapore (NUS)
from 2016 to 2020. He was Dean of the College of Business from 2007 to 2012 and Head of
the Department of Information Systems from 2002 to 2007 at the City University of Hong
Kong (CityU). He was the Founding Head of the Department of Information Systems at
NUS from 1998 to 2002.

—Prof Wei is a Fellow of the Association of Information
Systems (AIS) and was President of that Association in 2003/4.
He was awarded the AIS LEO Award for Lifetime Exceptional
Achievement in Information Systems in 2015.

Professor Dr. Mac Shiau (Wen-Lung Shiau) demonstrates that Partial Least Squares
Structural Equation Modeling (PLS-SEM) has become an indispensable and widely
accepted method within the repertoire of multivariate analysis techniques used by
researchers and practitioners alike. In this book, he presents a comprehensive and
methodologically robust exploration of Structural Equation Modeling (SEM), integrating
the latest advancements in SmartPLS 4 to enhance both accessibility and practical
application. Drawing on his extensive expertise, Professor Shiau once again delivers an
exceptional and pioneering textbook on SEM, providing invaluable guidance for scientists
and professionals looking to incorporate Covariance-based SEM (CB-SEM) and PLS-SEM
into their research and projects. At the same time, this book serves as an essential teaching
resource for instructors introducing students to both CB-SEM and PLS-SEM through
SmartPLS 4. With its clear presentation, methodological depth, and practical insights, this
textbook is an indispensable resource for anyone involved in SEM-based research, teaching,

or application.

— f{EE] Hamburg University of Technology (TUHH)
Prof. Christian M. Ringle (SmartPLS Ba#§& 2 —)
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3. Churchill (1979)1yEFRFEREA /RPEE - 41T -

3 B% 1. Specify the domain of the construct FE = ¥ [ FI 481
5 B% 2. qenerate a sample of items £ 17 5 ATE H (7H)
4B 3. collect data g EE &K

B 4. purify measures 51 & 71 7H H (HFR A58 & 7Y FH7E)
SE% 5. collect mew data U EEFTHIE K}

B2 6. assess reliability 5252

$ B 7. assess validity 2L %50 E

% 8. develop norms &% & i f

(Source: Churchill Jr., G.A. 1979. “A Paradign for Developing Better Measures of
Marketing Constructs,” Marketing Research (16:1), pp. 64-73.)

BRI 10 FAREME RAELBER - THEP 1% (formative) 5 HEE]
R FSER A ER BN - T8 &F  &E - ANEREH - P2 - #%
H...5¥%) > MacKenie et al. (2005)[ElgH7E T R MIHL b/ e o B HI R (sl e fin 7 B il
R 1) T % e S L (reflective) MTTE J 1 (formative) & Fe Y25 B T

(Source: MacKenzie, S.B., Podsakoff, P.M., and Jarvis, C.B. 2005. “The Problem of
Measurement Model Misspecification in Behavioral and Organizational Research and Some
Recommended Solutions,” Journal of Applied Psychology (90:4), pp. 710-730.)
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(A) FHLSC B (reflective) &l (B) LI Mt (formative) &
;21 Confirmatory Factory analysis {5t Confirmatory Factory analysis
(CFA) Bagth AR o i (CFA) Bgth AR o i

ST 58 B B (GOF; goodness of fit) ST 58 B B (GOF; goodness of fit)
(140 - GIF ~ CFI » SRMR) (#1410 : GIF ~ CFI » SRMR)

ST R TE R S P IR AR

(BEETENIR R AR RN (TETET BAE REE weight)

SR IRE

AT EE

(item-to-total correlation, SMC, test-retest o
(test-retest reliability)

reliability)
R 50 (2 b S
S A S RS

(EE— {7 IERfE Y #E RN Y7 FH B correlation »
s EREE - HE—E AR )

(AVE; average variance explained)

SH{EE e

(Cronbach’s a and latent variable reliability)

8. EF(HEHANER - & B RN A BRI

* flEHEE ) CFA 52
o S R I A AR A DA T R
o FHEEELZ FRIRRGR - fEREERIER FA s aREIR(BIAN - i AR (R B
I H B E R EAY)
9. (EAPFTRIERA  KHRRERR

7F 2011 4F » MacKenzie et al. (2011)$ 5k 09 &I F1ER 25 4 B A& Top 1 1Y
HAT] MIS Quarterly » E#zEf 10 5 BEANT -

(Source: Mackenzie, S.B., Podsakoff, P.M., And Podsakoff, N.P. 2011. "Construct
Measurement and Validation Procedures in MIS and Behavioral Research: Integrating New
and Existing Techniques," MIS Quarterly (35:2), pp. 293-334.)
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Development a Conceptual
Definition of the Construct

!

Generate Items to Represent the
Construct

!

Access the Content Validity
of the Items

!

Formally Specify the Measurement
Model

!

Collect Data the conduct Pretest

l

Scale Purification and Refinement

!

Gather Data from New Sample and
Reexamine Scale Properties

|

Access Scale Validity

!

Cross-Validate the Scale

|

Develop Norms for the Scale
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Conceptualization

Development of
Measure

Model Specification

Scale Evaluation and
Refinement

Validation

Norm Development
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1) BUEMER 2RERE NGEHE B MR F e ths SRR AL A [F B9 RE )

2) R EIREHAI L EMEEEE

3) =G A R AT e e 2 (1 )

4) JEELE A RS E R = B 0 3R P 1T A 3 e A A% (L R & nomological
validity)

Step 9. XN EpFEER

RA{EERFRAF AR S BT - AW E AR - PR EE -
RIS - EWRFHEERE T I BB ERIERARTERS - HERFHS
BRI -

FHONEFES AL T B B — R VBB EE A O E - B InFEE AR
il » AU/ INVH 2SI,

1) e IR AFESE

2) NZ RS % (configural equivalence)

3) HWFEEMENEEHZE M (metric equivalence)

4) RIIERE R A M (scalar equivalence)

MR
Step 10. F#[REFRMH(H )
FRRAFCHE ) ] DR B BRI 8 BRI -
D) EEEARAN - (R HEE R BRI 728 A E SRR EF AV INME -
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SmartPLS 4 fR{ItEF 28T HUEHE ik » B LB A B ¢

1. CB-SEM - DIHBEIE 3 AT s 2R = -

2. PE{KS3#(Path analysis)fll Process DIREST AT » C4E B B BHIETE -
3. [AlfF(Regression) 5%l o

4. ZEFMEASFGI - Z[FEZE) -

5. ERZHMEBEEGFESENEUEL -

6. fREMEYE(L - FREEME(LAIDAIIME By HY PLS-SEM 73477 -

7. N4 PE(Endogeneity) 5 i FH S copula 75 ©

9. DEGFSHITINCA) - CFEEE Tk -

SmartPLS 4 ¥UHSHE ML 2 M s 0] B E PRI E 3 2 AR EB] - R
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R-square fi#fE /] » 5551 Bootstrapping AJ DUSFH] t {H - FAMTA] LUEEHF HTML %2 H
WF 5 &5 75 B AU 73 A1 ¢ Factor loading ~ {F20& + CR(FIMEEIEHESy 0.7) ~ AVE(FIHEAE
(B 0.5) (& B34 fy AVE B K AR 1 R FHRA £2 20) » Cronbach alpha({ & P AR 1E
B Ry 0.7) ~ i FE R At SR AL 5 BRI AR B R-square fi##8E J7 - W72 £ F§ SmartPLS 4
EGHYIERES [T -
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1. #—F [Create model] -

7 SmartPL5 4
SmartPLS  Files

v B Example - Corporate reputation (primer)

1 Simple model
{8 2 Extended model
3a Redundancy analysis ATTR
3b Redundancy analysis CSOR
@&] 3c Redundancy analysis PERF
3d Redundancy analysis QUAL
H& 4 Moderation
5 Moderation - multiple interactions
g Complete data [344]
£ Reduced data [99]

v B= PLS-SEM

£ PLssEM 350]

> W Archive (0)

2. EEEKEPLS-SEM” o

7 Mew model

Project

Model type

PL5-SEM

REGRESSIOMN
PROCESS

CB-SEM

3. @i#“PLSSEM” » BE# [Save] -
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57 New model >

Project

Model type

Model name

v

= 1

fifi A PLSSEM —3

4. BB [ Latent variable ] % » T T(F@ES—T » Z37—{EfEHE MI -

W SmartPLs 4
SmartPLS  Edit  Calculate

Latent variable

0

1 M2 MET N

2 M3 MET HHEH

3 co1 MET

4 co2 MET

5 C03 MET

6 SO1 MET

7 5Q2 MET fig A Ml
8 5Q3 MET

9 191 MET

10 1Q2 MET I

11 8v1 MET Tess ENTER key to proceed
12 8v2 MET

13 8V3 MET

14 §v4 MET
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5. RFHA R ML o

87 SmartPLS 4
SmartPLS  Edit  Calculate

Calculate C Latent variable

0 Mi MET
1 M2 MET
2 M3 MET
3 Co1 MET
4 Co2 MET
5 CO3 MET
6 s, MET
7 5Qz MET
8 5Q3 MET
9 I MET M
10 1Q2 MET

6. EEME FIRHR(E - TR (EIE CO » i MIL, MI2, MI3 [H]REEE - R 581
MI FTH 5 #F CO1, CO2, CO3 [FIfE 81 - %5381 CO K -

7 SmartPLS 4

SmartPLS
Calculate Select Latent variable

(TR e < T s ] R B SOV

bk oo Sl ek | el
e B T Y S N L=

co

oy
[e]
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7. FIEEG#ELEER - 582 [ Align indicators to the left] o

B SmartPLs 4
SmartPlS  Edit  Calculate

0 Mn MET
1 M2 MET
2 Mi3 MET
3 Cal MET
4 Co2 MET N
e . OB RAH#E—T M1
6 SO MET —
7 so2 MET ) selectall Ctr+A
B0 ME ﬂ Delete Delete
9 11 MET
10 1Q2 MET Henaris k2
115V MET == Edit settings .
12 Sv2 MET
12 sva MET =+ |nvert measurement model Alt+Q
14 sva MET (O Hide indicators Alt+X
15 SWall MET 4 35
16 USt MET g Show indicators Alt+C
17 us2 MET @ Align indicators to the top
18 Us3 MET ¢
19 P MET
20 P12 MET o Align indicators to the bottom
21 PI3 MET T .

) Alignindicators to the right  Alt+D
22 P4 MET
25 Pl5 MET Q Export as image

OER
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8. SERGRHHIIEE EAGTEE A MI AT CO 1% -

7 SmartPLs 4
SmartPLS  Edit  Calculate

1

=)

3

4

5

6

7 sQ2 MET Ml
8 5SQ3 MET

9 101 MET Mi2
10 102 MET

11 5V MET e
12 sv2 MET — Mi
13 5v3 MET

14 sv4 MET

co

co2

co3

M1

0 MET

1 M2 MET

2 M2 MET

3 con MET

4 coz MET

5 co3 MET

6 501 MET

7 sQz2 MET MI1
8 503 MET

9 101 MET M2
10 12 MET

1 s MET e
12 w2 MET Mi
13 sv3 MET

Connect

co

co2

o3
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