
Stru
tural Equation Modeling

Dr Wan Nor Ari�n

Unit of Biostatisti
s and Resear
h Methodology,

Universiti Sains Malaysia.

E-mail: wnari�n�usm.my

Wan Nor Ari�n, 2016. Strutural Equation Modeling by Wan Nor Ari�n is li
ensed under the Cre-

ative Commons Attribution-ShareAlike 4.0 International Li
ense. To view a 
opy of this li
ense, visit

http://
reative
ommons.org/li
enses/by-sa/4.0/.

1



Contents

1 Obje
tives 3

2 Introdu
tion 3

3 Commonly used terms in SEM 3

4 Path diagram 3

5 Relationships in SEM 3

5.1 Correlation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

5.2 Causal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

5.3 Mediation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

5.4 Moderation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

Referen
es 6

2



1 Obje
tives

1. Understand and apply the basi
 knowledge of SEM.

2. Spe
ify SEM models involving 
orrelation, 
ausal, mediation & moderation, and interpret the re-

sults.

2 Introdu
tion

• Stru
tural Equation Modeling (SEM) is a mutivariate statisti
al modeling that aims to explain the

stru
ture of relationships among multiple variables (Hair et al., 2010a)

• Needs strong theoreti
al spe
i�
ation of the model ahead of the analysis → to verify our theory on

the relationships.

• SEM basi
ally 
onsists of two 
omponents (Bartholomew et al., 2008):

1. measurement model (CFA): dealing with latent variables (fa
tors) and the relationships be-

tween the items and the fa
tors.

2. stru
tural model (path analysis): dealing with how latent variables are related to ea
h other.

• Similar to CFA, how the varian
e-
ovarian
e matrix produ
ed from the model �ts the varian
e-


ovarian
e matrix of the observed data → Goodness of �t of model to the data.

3 Commonly used terms in SEM

• Exogenous variable Independent, predi
tor variable. Could be observed or latent variables.

• Endogenous variable Dependent, out
ome variable. Also 
ould be observed or latent variables.

• Path diagram A visual representation of the SEM model.

4 Path diagram

• Latent variable Cir
le, oval.

• Observed variable Square, re
tangles.

• Bidire
tional arrow Correlation, 
ovarian
e.

• Unidire
tional arrow Causal relationship. From independent to dependent variables.

5 Relationships in SEM

5.1 Correlation

• Bidire
tional 
orrelation/
ovarian
e between variables (observed/latent).

Figure 1: Between observed variables.
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Figure 2: Between latent variables.

5.2 Causal

• Causal relationship between variables (observed/latent). Assign dependent and independent vari-

ables.

Figure 3: Endogenous/dependent Y 
aused by exogenous/independent X (observed).

Figure 4: Endogenous/dependent Y 
aused by exogenous/independent X (latent).

5.3 Mediation

• Figure 3 shows dire
t 
ausal e�e
t from independent X to dependent Y. Let say the regression


oe�
ient is signi�
ant.
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• In SEM it is also possible to examine the e�e
t of a mediating variable Z on this established

relationship.

• A mediating variable Z is a third variable that intervenes between two related variables (Hair et al.,

2010a). It plays two roles, as an DV in one equation and IV in another as it mediates between X

and Y (Awang, 2012).

• If relationship between X and Y is mediated by Z, it indi
ates indire
t 
ausal e�e
t of X to Y (X

→ Z → Y).

• The role of Z is 
learly shown in Figure 5 below:

Figure 5: Z mediates relationship of X to Y.

• Mediation e�e
t 
an be 
lassi�ed into three out
omes (Awang, 2012):

1. Complete mediation.

� Z 
ompletely mediates the e�e
t of X on Y; X indire
tly 
auses Y.

� Conditions:

(a) a & b regression 
oe�
ients are signi�
ant.

(b) 
 is not signi�
ant, i.e. 
 be
omes insigni�
ant on
e Z is in
luded in the model.

2. Partial mediation.

� Z partially mediates the e�e
t of X on Y; X dire
tly and indire
tly 
auses Y.

� Conditions:

(a) All a, b and 
 regression 
oe�
ients are signi�
ant.

(b) 
 (with Z) < 
 (without Z) (Hair et al., 2010a).

3. No mediation.

� Z does not mediate the e�e
t of X on Y; X dire
tly 
auses Y.

� Conditions:

(a) 
 regression 
oe�
ient is signi�
ant.

(b) a or b, or both a and b are not signi�
ant. This indi
ates the mediation path through

a and b is interrupted.

5.4 Moderation

• A moderating variable M is a third variable that 
hanges the relationship between two related

variables X and Y (Hair et al., 2010a). It moderates the 
ausal e�e
t that an IV has on a DV

(Awang, 2012).

• In medi
al statisti
s, this is 
ommonly known as an intera
tion or e�e
t modi�er.
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• In SEM, moderation/interra
tion is spe
i�ed as shown in Figure 6:

Figure 6: Spe
ifying moderation in SEM.

• Moderation e�e
t 
an be 
lassi�ed into three out
omes (Awang, 2012):

1. Complete moderation.

� M 
ompletely moderates the e�e
t of X on Y.

� Conditions:

(a) 
 (regression 
oe�
ient of the intera
tion term X*M) is signi�
ant.

(b) a is not signi�
ant, i.e. a be
omes insigni�
ant on
e M is in
luded in the model.

2. Partial moderation.

� M partially moderates the e�e
t of X on Y.

� Conditions:

(a) a and 
 regression 
oe�
ients are signi�
ant, i.e. both the main e�e
t and intera
tion

terms.

(b) a (with X*M) < a (without X*M).

3. No moderation.

� M does not moderate the e�e
t of X on Y.

� Conditions:

(a) 
 is not signi�
ant.

(b) a (with X*M) = a (without X*M).

• However, the model spe
i�
ation in Figure 6 
an be applied to observed variables only.

• For latent variables, it is 
ompli
ated and requires multi-group CFA for 
ategori
al moderator (Hair

et al. 2010b; Awang, 2012) or adding a latent variable 
onsisting of intera
tion items (e.g. items

in latent X×M, items in latent X×items in latent M) in the model for numeri
al moderator (Hair

et al., 2010b).
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