Chapter 4

Core SEM Techniques and Software

Science is organized knowledge.
Wisdom is organized life.

—Immanuel Kant

Overview
« Steps of SEM

Path analysis

&

Confirmatory factor analysis

&

®

Structural regression models

SEM computer programs

&
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Steps of SEM

« Steps are usually iterative because problems at a later stage may
require return to an earlier stage

« Basic steps:
1. Specification:

a. Express hypotheses as a set of equations or as a
diagram that defines a structural equation model

b. This model defines the parameters to be estimated with
sample data

c. Perhaps the most important step

Electronic overheads for: Kline, R. B. (2004). Principles and Practice of Structural Equation Modeling (2nd ed.). New York: Guilford Publications.



Steps of SEM

« Basic steps:
2. Identification:

a. Determine whether it is theoretically possible to derive a
unique estimate of each parameter (if not, respecify the
model)

b. Can be a difficult task because the identification status of
only some types of models can be checked without
resorting to mathematical proofs
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Steps of SEM

« Basic steps:
2. Identification:

c. Use of proofs for identification may be viable only for
quite simple models

d. Crucial to check identification status before collecting
data—this is because adding variables is one way to deal
with an identification problem

3. Select measures and collect, screen, and prepare the data
(chaps. 3-4)
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Steps of SEM

« Basic steps:

— 4. Estimate the model (conduct the analysis with a computer):

a. Evaluate model fit—go to step 5 if fit is poor; continue —
otherwise

b. Interpret parameter estimates, including whether they are
actually meaningful

c. Consider equivalent models, which fit the same data
equally well

d. Go to step 6

5. Respecify the model, fit it to the same data, and then go to +—
Step 4

Electronic overheads for: Kline, R. B. (2004). Principles and Practice of Structural Equation Modeling (2nd ed.). New York: Guilford Publications. 5



Steps of SEM

« Basic steps:

6. Accurately and completely describe the results in written
reports:

a. Published guidelines for reporting results of SEM
analyses include Boomsma (2000), Hoyle and Panter
(1995), and McDonald and Ho (2002)

b. However, MacCallum and Austin (2000) found many
problems in their review of about 500 applications of SEM
published in 16 different journals
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Steps of SEM

ALY

« Basic steps:

6. Accurately and completely describe the results in written
reports:

c. Examples of serious problems found by MacCallum and
Austin (2000):

Incomplete reporting of parameter estimates (e.g., only
the standardized solution)—about 50% of articles

Failure to report whether a correlation or covariance
matrix was analyzed—about 25% of articles

Description of model specification incomplete—about
10% of articles
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Steps of SEM

« Optimal steps:

7. Replicate the results—rare in SEM, perhaps due to general
requirement for large samples

8. Apply the results—it is also rare that SEM results are used for
policy or prediction studies (see Kaplan, 2000)

« Failure to correctly carry out the 6 basic steps may in part explain
why these optimal steps are infrequently carried out
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Path analysis

Analyzes structural models of observed variables

&

@

A structural model represents hypotheses about patterns of direct or
indirect causal effects among these variables

&

Each variable is a single indicator—the only measure of a construct

« Other kinds of structural equation models—those with latent
variables that represent hypothetical constructs—permit the
representation of measurement with multiple indicators
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Path analysis

ALY

« Observed variables are either endogenous or exogenous

« Ihe causes of exogenous variables are not represented in path
models

« They are considered free to vary and covary
« The latter are unanalyzed associations, which means that the model
offers no explanation about why two exogenous variables covary

(e.g., do they have a common cause”?—does one cause the other?)

« Relations between observed exogenous variables are almost always
specified as unanalyzed
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Path analysis

« Unlike exogenous variables, presumed causes of endogenous
variables are explicitly represented in path models

« I hese causes are either other observed variables or disturbances

&

Every endogenous variable has a disturbance

A disturbance represents all omitted (unmeasured) causes

@

Disturbances can be considered as latent variables

&
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Path analysis

ALY

« This text uses the McArdle-McDonald reticular action modeling
(RAM) symbolism for model diagrams (e.g., McArdle & McDonald,
1984)

« RAM symbolism explicitly represents in diagrams every model
parameter that requires a statistical estimate

« This helps to avoid mistakes when translating a diagram to the
syntax of a particular SEM computer program

« However, only some elements of RAM symbolism are standard (i.e.,
used in basically all diagrams)
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Path analysis

« Symbols with examples ( Y% = standard symbol):

Y 1. Observed variables: Squares or rectangles | Y Y,

¥ 2. Unobserved (latent) variables: Circles or ellipses
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Path analysis

« Symbols with examples ( Y% = standard symbol):

v
=

Yc¢ 3. Direct effects: Line with single arrowhead X,

a. The estimate of a direct effect is a path coefficient

b. It is analogous to a regression coefficient in that it
controls for correlated causes

c. It estimates a linear effect

d. There are special methods to estimate nonlinear effects
in SEM (chap. 13)
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Path analysis

« Symbols with examples ( Y% = standard symbol):

4. Variances of exogenous variables: Two-head curved arrow
that enters and exits the same variable Q

o] (2

¢ 5. Covariances of exogenous variables (unanalyzed
associations): Curved line with two arrowheads

X

x| X2
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Path analysis

« Indirect effects are also known as mediator effects

« They involve one or more intervening variables (mediators) that
“transmit” effects of prior variable to subsequent one

« Example: Effect of X; on Y is indirect through Y; (i.e., Y; mediates

this effect):
p) (o

16
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Path analysis

« A mediator effect is not a moderator effect, which is an interaction
effect (e.g., Baron & Kenny, 1986)

» Interaction effects can also be estimated in SEM
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Path analysis

« Path model example: D. Roth, Wiebe, Fillingim, and Shay (1989)
hypothesized that

1. exercise and hardiness affect fithess
2. exercise, hardiness, and fithess affect stress

3. all four variables above affect illness
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Path analysis

« Diagram for path analysis example:

o

Fitness

Exercise

.

Hardiness

\

Illness

/

A 4

Stress

Ds,
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Confirmatory factor analysis

« Factor analysis generally deals with the analysis of measurement
models

» Measurement models concern the use of observed variables, or
indicators, to assess hypothetical constructs, or factors

. There are two major classes of factor analysis techniques,
exploratory (EFA) and confirmatory (CFA)
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Confirmatory factor analysis

« Characteristics of EFA:

1. Does not require a priori hypotheses about the number of
factors or relations between factors and indicators

2. All indicators are usually allowed to correlate with every factor
3. Factors are typically independent (orthogonal)

4. Not generally considered a member of the SEM family
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Confirmatory factor analysis

« Characteristics of CFA:

1. Member of the SEM family

2. Analyzes a priori measurement models where both the
number of factors and their correspondence to the indicators
are explicitly specified

3. Factors typically specified as correlated (not orthogonal)
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Confirmatory factor analysis

« Factors in CFA measurement models are exogenous and indicators
are endogenous

« All associations between factors are specified as unanalyzed—for

example:
Car
(oA

s | he statistical estimate of a factor association in standardized form is
a correlation and in unstandardized form is a covariance
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Confirmatory factor analysis

« | he statistical estimate of the direct effect of a factor on an indicator
Is a factor loading

« Factor loadings in CFA are generally interpreted as either
unstandardized or standardized regression coefficients

« Each indicator has a measurement error, which represents unique
variance

« Unique variance concerns all sources of indicator variance not
explained by the factors
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Confirmatory factor analysis

ALY

« ldeally, the results of a CFA should indicate the following:

1. Indicators specified to measure a common underlying factor
all have relatively high standardized loadings on that factor—
suggests convergent validity

2. Estimated correlations between the factors are not
excessively high (e.g., >.85)—suggests convergent validity

3. At least 50% of the variance of every indicator is explained by
the model (related to first point)
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Confirmatory factor analysis

« CFA example: T. Williams, Eaves, and Cox (2002) hypothesized
concerning the Visual Similes Test Il (VST Il) that

1. five item parcels from the Affective form measure one factor
2. five item parcels from the Cognitive form measure factor

3. the two factors covary
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Confirmatory factor analysis

« Diagram for CFA example:

)
11

ORONOND
Ex Exs Ex4 @

Al A2

A3

Ad

Affective
Arousal

5|

1 1
C1 C2 C3 C4 C5
A
1
Cognitive D
Arousal
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Structural regression models

ALY

« Structural regression (SR) models are the most general kind of
structural equation model

« Also called LISREL models or hybrid models
. They are the synthesis of path models and measurement models

« The measurement part of a SR model represents the distinction
between factors and indicators, just as in CFA

« The structural part of a SR model specifies direct and indirect effects
among the factors
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Structural regression models

ALY

« Example: Within a sample of adolescents, Worland, Weeks, Janes,
and Strock (1984) administered

1. two measures of familial risk for poor child adjustment, low
family socioeconomic status (SES) and degree of parental
psychopathology

2. three measures of general cognitive ability, verbal ability,
visual-spatial ability, and memory

3. three measures of scholastic achievement, reading, math,
and spelling

4. four teacher-informant measures of classroom adjustment,
motivation, extraversion, social relationships, and emotional
stability
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Structural regression models

« Worland et al. (1984) hypothesized that familial risk affects
classroom adjustment only indirectly first through general cognitive
ability and then through scholastic skills:

High risk — Low ability — Low skills — Poor classroom adjustment
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Structural regression models

Use of multiple measures of each domain implies a measurement
model

&

» Each indicator in this model will have a measurement error term

&

A specific pattern of direct effects among these factor is
hypothesized

That is, some of the factors are specified as endogenous, and every
endogenous factor will have a disturbance

@

Electronic overheads for: Kline, R. B. (2004). Principles and Practice of Structural Equation Modeling (2nd ed.). New York: Guilford Publications. 31



Structural regression models

« Diagram for SR model example:

Epp Eir Ege Exr Esn
1 1 1 1 1
Parental Low Family . . . .
Arithmet Spell
Psychopathology SES Reading 1thmetic pelling
Fa@lial Achievement
Risk
Cognitive Clz.:lssroom
Adjustment
Visual-Spatial s ati . Social .
Verbal 1sual-Spatia Memory Motivation Extraversion - ) Stability
Relationships
! ! 1 1 1
Eve Eys Epe Ewmo Egx @ Eg
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SEM computer programs

« Eight different SEM computer programs are described in this
chapter, including: ( Y = free student version available, <~ = free full

version)
¢ 1. Amos:

http://spss.com/amos
Student version: http://amosdevelopment.com/download/

2. CALIS (SAS/STAT):

http://www.sas.com/technologies/analytics/statistics/stat/index.html

33
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SEM computer programs

. SEM computer programs ( Yx = free student version available, <~ =
free full version):

3. EQS:
http:// www.mvsoft.com

Y¢ 4. LISREL:

http://www.ssicentral.com
Student version: http://www.ssicentral.com/lisrel/student.html
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SEM computer programs

. SEM computer programs ( Yx = free student version available, <~ =
free full version):

5. Mplus:
http://www.statmodel.com

== 6. Mx:

http://www.vcu.edu/mx/index.html
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SEM computer programs

. SEM computer programs ( Yx = free student version available, <~ =
free full version):

7. RAMONA (SYSTAT):
http://www.systat.com/products/systat/
8. SEPATH (STATISTICA):
http://www.statsoft.com

« There are other computer tools for SEM, but at present they are not
used as often
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SEM computer programs

ALY

« There are three basic ways to interact with a SEM computer
program:

1. Batch mode: Write lines of code that specify the model and
data and then execute (run) it—for users familiar with
program syntax

2. Wizards: Complete a series of dialogs (templates) about the
model and data, code is then automatically written and run by
the computer

3. Graphical: Draw the model on screen, which is then run
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SEM computer programs

« Wizards and graphical interfaces get beginners productive right away

« However, it can be tedious to specify a complex model in graphical
mode

« This can be especially so for multiple-sample SEM
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SEM computer programs

« Example: Amos Graphics (Arbuckle, 2003)—graphical mode:

ez s Groupnumberd s nput

RS
® EE

o=
DF e
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SEM computer programs

« Example: Amos Basic (Arbuckle, 2003)—batch mode:

37 e nts.and Settings\Rex KlinelMy Documents\Books\Principles Practice SEM\ExamplesiAmosiNezu, AmosBasic. BFE

File Help
AmosDebug | [ ~ | =D&

BESMS L B@ o S
Object: I[Eeneml] ;I Proc: IHain ;I

Sub Main()
Dim SEM As Mew AmosEngine
'Mezu & Ronan
Sem. TextOutpul
Sem.Standardized
Sem.Smc
Sem.TotalEffects

Sem.BeginGroup "Mezu.csv"

Sem.Structure "curr_prob = neg_str+ (1) d_cp"
Sem.Structure "prob_solv = neg_str+ curr_prob + (1) d_ps"
Sem.Structure "depression = neg_str+ curr_prob" _

& "+ prob_solv + (1) d_dp"

End Sub

i) B
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SEM computer programs

« Example: Nezu and Ronan (1985) path model of factors of
depression

. Model diagram:

Negative D PS
Life Stress > D De
]

Probl :

Srgl?/iﬁg Depression
Current
Problems

;
D CP
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SEM computer programs

« Nezu and Ronan (1985) data for N = 205 (correlations and standard

deviations):
Variable | 2 3 4
Negative Life 1.000
Stress
Current problems 402 1.000
Problem Solving 176 335 1.000
Depression 404 553 452 1.000
SD 877 15.59  21.87 6.14

Electronic overheads for: Kline, R. B. (2004). Principles and Practice of Structural Equation Modeling (2nd ed.). New York: Guilford Publications.

42



SEM computer programs

« Program syntax for example: Amos Basic:

Sub Main ()

Dim SEM As New AmosEngine

'Nezu & Ronan

SEM.TextOutput

SEM.Standardized

SEM. Smc

SEM.TotalEffects

SEM.BeginGroup "Nezu.csv"
SEM.Structure "curr_prob = neg_str + (1) d_cp"
SEM.Structure "prob_solv = neg_str + curr_prob +

(1)

SEM.Structure "depression = neg_str + curr_prob" _

& "+ prob_solv + (1) d_dp"
End Sub

d_p g"
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SEM computer programs

« Program syntax for example: CALIS

data Nezu (TYPE=COV) ;
title "Nezu & Ronan";

_type_

label

datali
vl 76.9
V2 55.6
v3 33.7
v4 21.7

proc cali
Linegs
V2
v3
v4
Std
el2—
vi
run;

= 'cov'; input _name_ $ v1-v4;

vl="'Negative Stress' v2='Current Problems'

v3='Problem Solving' v4='Depression';
nes;

13 .

68 249.324 .

57 115.685 478.297 .

55 53.614 53.614 37.700

s cov data=Nezu nobs=205 pall;

= p2l vl + e2,

= P31 vl + p32 v2 + e3,

= P41 vl + pd42 v2 + p4d3 v3 + e4d ;

ed = Dist2-Dist4,
= Varl;
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SEM computer programs

« Program syntax for example: EQS:

/title
Nezu & Ronan
/specifications
cases = 205; variables = 4; matrix = corr;
/labels
vl = neg_str; v2 = cur_prob;
v3 = prob_sol; v4 = depress;
/equations
v2 = *vl1 + 2e2;
v3 = *vl + *v2 + 2e3;

vd = *v1 + *v2 + *v3 + 2e4;
/variances
vl = *; e2-ed = *;
/matrix
1.000
.402 1.000

.176 .335 1.000
.404 .553 .452 1.000
/standard deviations
8.77 15.79 21.87 6.14
/end
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SEM computer programs

« Program syntax for example: LISREL SIMPLIS:

Nezu & Ronan
Observed Variables
neg_str cur_prob prob_sol depress
Correlation Matrix
1.000
.402 1.000
.176 .335 1.000
.404 .553 .452 1.000
Standard Deviations
8.77 15.79 21.87 6.14
Sample Size 1is 205

Relationships

cur_prob = neg_str

prob_sol = neg_str cur_prob

depress = neg_str cur_prob prob_sol

Path Diagram
End of Problem
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SEM computer programs

« Program syntax for example: LISREL matrix-based:

Nezu & Ronan
Data NI=4 NO=205 MA=CM
Labels; neg_str cur_prob prob_sol depress
Kmatrix
1.000

.402 1.000

.176  .335 1.000

.404 .553 .452 1.000
SD
8.77 15.79 21.87 6.14
Select; 2 3 4 1
Model NY=3 NX=1 BE=SD PS=DI
Path Diagram
Output ND=3
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SEM computer programs

« Program syntax for example: Mplus:

TITLE: Nezu & Ronan
DATA:
FILE IS Nezu.dat;
TYPE IS STDEVIATIONS CORRELATION;
NGROUPS = 1;
NOBSERVATIONS = 205;
VARIABLE:
NAMES ARE neg_str cur_prob prob_sol depress;
USEVARIABLES = ALL;
MODEL:
cur_prob on neg_str;
prob_sol on cur_prob neg_str;
depress on prob_sol cur_prob neg_str;
ANALYSIS:
TYPE IS GENERAL;
ESTIMATOR IS ML;
ITERATIONS = 1000;
CONVERGENCE = 0.00005;
SAVEDATA:
FILE (RESULTS) IS nezu.out;
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SEM computer programs

« Program syntax for example: RAMONA:

Rem Nezu & Ronan
USE Nezu.SYD
RAMONA
MANIFEST = neg_str,curr_prob,prob_solv,depress
LATENT = D_cp, D_ps, D_dp
MODEL curr_prob <- neg_str D_cp (0,1),
prob_solv <- curr_prob neg_str D_ps (0,1),
depress <- prob_solv curr_prob neg_str D_dp (0,1),
neg_str <-> neg_str,
D_cp <-> D_cp,
D_ps <-=> D_ps,
D_dp <-> D_dp
ESTIMATE / DISP=COVA START=ROUGH METHOD=MWL NCASES=205
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SEM computer programs

« Program syntax for example: SEPATH:

*Nezu & Ronan
*data: Nezu.smx
[neg_str]-1-[neg_str]
[neg_str]-2->[curr_pro]
(D_CP)~—-—->[curr_pro]
(D_CP)—-3-(D_CP)
[neg_str]—-4->[prob_sol]
[curr_pro]—-5->[prob_sol]
(D_PS)——>[prob_sol]
(D_PS)—-6-(D_PS)
[neg_str]-7->[depress]
[curr_pro]—-8->[depress]
[prob_sol]—-9->[depress]
(D_Dp) ——>[depress]
(D_Dp) -10- (D_Dp)
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