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Overview of SEM

(Cheungz& Chan; 2005
A frequently used multivariate technigue for testing

hypothetical models (common in behavioral sciences).
Isa confirmatory technique
Tests models that are conceptually derived, a priori
Tests if the theory fits thelata
Combinationof factor analysis and multipleegression
Can simultaneously test measurement and structusdationships
A simple review of the literaturehows itsincrease In
popularity as a researdool .-
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Overview of SEM
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Overview of Meta Analysis

Coined byGlass/{1976)

OOEA OOAOEOOEAAI Adfanhlysi®Eiltsi A
from individual studies for the purpos# integrating the
AET AET COo68

It Is widely used as a statistidgichnigue tosynthesize

research findings in sociatiences.
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Meta Analytic Structural Equations Modeling

(MASEM)

(Viswesvarar& Ones,11:995)

Combination of Meta Analysis and SEM techniques in
synthesizing the prior studies findings in testing structural

models.

Involving thetechniques osynthesizing matrices of effect

sizes (e.g. correlation matrices) aftting SEM
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Meta Analytic Structural Equations Modeling

(MASEM)

(Cheung& Chan; 2005)

Stagel.:

Test of composite hypothesis about the homogeneity of correlation

matrices across k studies

In case of heterogeneity:
Categorical Moderators

Randomeffect assumption and averaging themrrelations

Calculating pooled correlation matrix

List-wise / pairwise deletion T
X

35
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Prior Approaches to Meta Analytic SEM

(MASEM) —Stage 1

. ] (Hunter & Schmidt ; 1990,:2004
UnivariateApproach

Based on the assumption of independency in elements of

pooled correlatiormatrices.

ivari Hedges& Olkin, 1985
Multivariate Approach (Hedg in, 1985)

Using multivariate approaches to estimate the pooled effect
size (e.g. pooled correlation matrix) and the weight matrix from
Independent studies at the first stage.
L
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Meta Analytic Structural Equations Modeling

(MASEM)

(Cheung& Chan; 2005)

Stage?2:
5 OET Qode&Cbrre@tioninA QO QEOFBbsebred
covariance ArQ nHit@ng SEM.

Using CFA or OVPA models to fit the motzthe pooled

correlation matrix.
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Restrictions in prior approaches

- : o (Cheung& Chan;2005)
Appropriate sample size for fitting SEM?!

When pairwise deletion is involved
Using adhoc solutions like: harmonic mean, median, the total, and
etc.
BUT, type-I| error of Chisquaretteststatistics; goodness-fit
Indices,thesstatisticab power,and the-standard errors of

parameters-estimate: are dependent.on4ISAMPLE S1ZEIsed

for fitting SEM.

LL]
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Restrictions in prior approaches

Possibility of Norpositive definite matrix as the input
matrix because of paiwise deletion

Non-positive definite= negative values for matabeterminant
(Cheungs& Chan;2005)

Thedeterminant of a covariance or correlation matriais

measure of "generalized variance." (Wothke, 1555

Sincenegative variances are undefined, and since zero variances
apply only to constants, it is troubling when a covariance or

correlation matrix fails to have a positive determinant
i
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Restrictions in prior approaches

(Cheungz& Chan; 2005
Ignoring betweenstudies variations (secondrder

sampling error)

Sampling variation is reflected in tre#andard errorsof pooled

correlations

Sampling variation is well addressed in the first stage (i.e.
different ns), BUT totally missed in the second stage (i.e.

ignoring the effect of k).
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Restrictions in prior approaches

(Cheungz& Chan; 2005
The assumption of independency of correlaticmses

NOT hold in many cases

Need to take into account the covariances/correlations of

correlations (i.e. covariation among correlations).

Totally missed in univariate approaches
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Restrictions in prior approaches

Analyzing a correlation matrix instead of a covariance
matrix (Cheungs& Chan;2005)
) O6 0 CAT AOAI T U ET AT OOAAO OI1 ¢/
covariance matrix in SEM.

Lead to incorrect chsquare statistics and the standard errors of

parameters estimates.
(Cudeck 1989)
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Two-Stage SEM (TSSEM)

Question of what?

TSSEM is a twstage approach for conducting MASEM on

. . - (Cheungs& Chan; 2005
correlations/covariance matrices Cheung& Chan 2009)

To incorporate metaanalytic techniques and SEM into a unified

framework.

Stage 1 (in SEM context):
Homogeneity test of correlation/covariance matrices across studies
Calculating pooled correlation/covariance matrix

Calculating an asymptotic covariance matrix (ACM) of pooled

correlation/covariance matrix

Stage 2:

Fit the model to the pooled matrices using SEM
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Two-Stage SEM (TSSEM)

Question of what?

Stage 1 of TSSEM : (Cheung& Chan; 2005, 2008,:2009)

Usingmultiple -group CFA approacho test the homogeneity of

correlation matrices across studies

Testing the chisquare difference of unconstrained vs. constrained

models
Calculatethe pooled correlation/covariance matrices

But inthe multivariatesense, with no assumption of independency of

correlations

Output is a jpxp) pooled correlation/covariance matrix, where p is the

number of variables
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Two-Stage SEM (TSSEM)

Question of what?

Stage 1 of TSSEM : (Cheungs8 Ghan; 2005, 2008,:2009)

Calculating an asymptotic covariance matrix (ACM) as a weight

matrix for pooled correlation matrixa the second stage

ACM is 5(‘);1)3 p(p2+1) matrix of variances (diagonal elements) «
covariances (offliagonal elements) of pooled

correlations/covariances.

ACM reflects:

Inter-dependency of pooled correlations/covariances
Secondorder (between studies) variations

Secondorder effect of sampleizein stage 2
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Two-Stage SEM (TSSEM)

Question of what?

Stage 1 of TSSEM (Cheunge& Chan; 2005, 2008;:2009)

TSSEM use LISREL to do the homogeneity test (i.e. a back & forth
process between TSSEM software and LISREL)

We have fitindices in addition to chsquare index for the result of
homogeneity test
Chisquare gets significant in cases with very large N (i.e. the case in many
MAS)
If the homogeneity hypothesis of correlations/covariances is NOT
rejected, we can proceed to second stage

In case of rejection, like postoc analysis, the output of LISREL will
give the fit indices for every study in the MA -
*4
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Two-Stage SEM (TSSEM)

Question of what?

Stage 2 of TSSEM: (Cheungz& Chan; 20059 2008,:2009)

Pooled correlation matrix and itsasymptotic covariance matrix

(i.e. as the weight matrix) are used as the input to SEM

Thetotal sample size of all studiegs used as the input sample
size for the SEM

The only SEM package currently work with TSSEM is LISREL.
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Two-Stage SEM (TSSEM)

Question of HOW?

(Cheung,-2009)
Download the free TSSEM software from:

http://courses.nus.edu.sg/course/psycwim/internet/tssem.zip

$11560 AA OOORMGEGHMrED EO A $/

MiMicrosoft Windows [Uersion 6.0.668082]
Copyright {(c)> 20806 Microsoft Corporation. All rights reserved.
'

C:\Users\Hamed>cd desktop
C:\Users\Hamed\Desktop>cd gefenusert

BIC:\Users\Hamed\Desktop\Gefenuserb>tssem.exe —1 cor.cfg_

‘Groote 21


http://courses.nus.edu.sg/course/psycwlm/internet/tssem.zip

Two-Stage SEM (TSSEM)

Question of HOW?

No installation, just copy TSSEM.EXE and two other files

(.e. cor.cfg & cor.dat) to your folder

TSSEM.EXE generates required LISREL syntax files and
processes the intermediate data files in the TSSEM

procedure.

(Cheung,>2009)
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Two-Stage SEM (TSSEM)

Question of HOW?

_ (Cheung,-2009)
Steps of analysis:

Prepare your data (i.e. consistent correlation matrices, sample

size in each study, and missing variables in each gtudy

LL]
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1.0000
0.7370
0.5970
0.4868
0.4390
0.6470
0.4830
0.4460
0.4510
0.4000
0.1100

1.0000
0.6940
0.6598
0.5180
0.8273
0.5580
0.5160
0.6699
0.7000
0.4273

1.0000
0.4973
0.4580
0.4988
0.5530
0.4990
0.2926

Preparing data iin Spreadsheet

1.0000

0.4159 1.0000

0.6200 0.1699 1.0000
0.3723 0.5600 0.5456
0.4323 0.2290 0.3160
0.4100 0.0810 0.5139

0.170070.6000 0.1630 0.3880

0.4670

0.6190 0.0757 0.3053

1.0000
0.4500
0.4876
0.5050
0.5142

1.0000

0.2857 1.0000

0.4913 0.6110 1.0000
0.2570 0.4170 0.3660 1.0000

GP=1
NO=523

1.0000
0.5000
0.0000
0.5000
0.0000
0.0000
0.0000
0.2000
0.0000
0.4000
0.0000

1.0000
0.0000
0.7000
0.0000
0.0000
0.0000
0.4000
0.0000
0.7000
0.0000

1.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.0000

0.0000 1.0000

0.0000 0.0000 1.0000
0.0000 0.0000 0.0000
0.5000 0.0000 0.0000
0.0000 0.0000 0.0000
0.6000 0.0000 0.0000
0.0000 0.0000 0.0000

1.0000
0.0000
0.0000
0.0000
0.0000

1.0000

0.0000 1.0000

0.5000 0.0000 1.0000
0.0000 0.0000 0.0000 1.0000

GP=2
NO=1004
MV=3567911

1.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.3190
0.0000
0.0000
0.0000

1.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.0000

0.0000 1.0000

0.0000 0.0000 1.0000
0.0000 0.0000 0.0000
0.0000 0.0000 0.0000
0.0000 0.0000 0.0000
0.0000 0.0000 0.0000
0.0000 0.0000 0.0000

1.0000
0.0000
0.0000
0.0000
0.0000

1.0000

0.0000 1.0000

0.0000 0.0000 1.0000
0.0000 0.0000 0.0000 1.0000

GP=3
NO=117
MV=23456791011

1.0000
0.5300
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.0000

0.0000 1.0000

0.0000 0.0000 1.0000
0.0000 0.0000 0.0000
0.0000 0.0000 0.0000
0.0000 0.0000 0.0000
0.0000 0.0000 0.0000
0.0000 0.0000 0.0000

1.0000
0.0000
0.0000
0.0000
0.0000

1.0000

0.0000 1.0000

0.0000 0.0000 1.0000
0.0000 0.0000 0.0000 1.0000

GP=4
NO=122
MV=34567891011

1.0000
0.6570
0.4370
0.4560

1.0000
0.6500
0.4250

1.0000
0.3870

Correlation Matrices

1.0000
Corrected for negatives

Raw Correlations .~ Raw studies info

GP=5
NO=240
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Two-Stage SEM (TSSEM)

Question of HOW?

Steps of analysis:

Configurecor.datandcor.cfg(this file is the main file which is used
till the end of the process) based on prepared data

Copy correlation matrices to cor.dat

Copy all other information (Study number, sample size, and missing
variables of the studies in the same order with correlation matrices) to
cor.cfg

Complete other required syntax for the first stage in cor.cfg based on
TSSEM guideline (just copy and paste)

Complete the bottom part of the syntax in cor.cfg for the second stage
based on guidelines in TSSEM package (these are LISREL syntax for mode
and data specification and will be used when you reach the second)stage
Ll
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File Edit

| cor.dat - Notepad

Format View Help

1.0000
0.7370
0.5970
0.4868
0.4390
0.5729
0.4830
0.4460
0.4510
0.4000
0.1100
1.0000
0.5000
0.0000
0.5000
0.0000
0.0000
0.0000
0.2000
0.0000
0.4000
0.0000
1.0000
0.5300
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
1.0000

1.0000
0.6940
0.6598
0.5180
0.8273
0.5580
0.5160
0.6699
0.7000
0.4273

1.0000
0.0000
0.7000
0.0000
0.0000
0.0000
0.4000
0.0000
0.7000
0.0000

1.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.0000
0.4973
0.4580
0.4988
0.5530
0.4990
0.5973
0.1700
0.2784

1.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.0000
0.4159
0.6200
0.3723
0.3956
0.4100
0.6000
0.6190

1.0000
0.0000
0.0000
0.0000
0.5000
0.0000
0.6000
0.0000

1.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.0000
0.1153
0.5600
0.2290
0.0810
0.1579
0.0757

1.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.0000
0.5456
0.3160
0.5139
0.3880
0.3053

1.0000
0.0000
0.0000
0.0000
0.0000
0.0000

1.0000
0.0000
0.0000
0.0000
0.0000
0.0000

Preparing cor.dat data file

1.0000
0.4500
0.4876
0.5050
0.3529

1.0000
0.0000
0.0000
0.0000
0.0000

1.0000
0.0000
0.0000
0.0000
0.0000

1.0000
0.2844
0.4913
0.2570

1.0000
0.0000
0.5000
0.0000

1.0000
0.0000
0.0000
0.0000

1.0000
0.6110
0.4170

1.0000
0.0000
0.0000

1.0000
0.0000
0.0000

1.0000
0.3660  1.0000
1.0000
0.0000  1.0000
1.0000
0.0000  1.0000
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| cor.cfg - Notepad
File Edit Format View Help

# This is the Stage 1 specification

AN=1

# AN=1: Analysis of correlation matrices
# AN=2: Analysis of covariance matrices

# AN=3: Testing the homogeneity of variances.

NG=41

NI=11

|CM SY FI=cor.dat
GP=1

NO=523

GP=2

NO=1004
MV=3567911
GP=3

NO=122
MV=34567891011

GP=41
NO=86
MV=234678911

# This is the Stage 2 model specification
% LA

Preparing cor.cfg syntax file

%'Intent' 'PU' 'PEOU" 'Trust' 'SN' 'Compat' 'Effic' 'Secur' 'Conven' 'Involv' 'Tech'

%MO NX=7 NY=4 PH=SY,FR PS=DI,FR BE=FU,FI GA=FU.FI
%fr be(1,2) be(1.3) be(1.4) be(2.3) be(2.4) be(4.3)
%fr ga(3.2) ga(3.3) ga(3.5) ga(3.6) ga(4.1) ga(4.2) ga(4.4) ga(4.5) ga(4.6) ga(4.7)

# End of input syntax
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Two-Stage SEM (TSSEM)

Question of HOW?

(Cheung& Chan;2007)

Stage 1.
RUnOSSEM.EXE1# /| 2 8 #i&yodr DOS command

window. This producesorl.Is8file which is a LISREL syntax for

test of heterogeneity and calculation of pooled

correlation/covariance matrix as well as ACM.

LL]
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File Edit Format View Help

! Generated by TSSEM, Mike Cheung (2007)
! Analysis of correlation matrices

TI TSSEM Stage 1: Group 1

DA NG=41 NI=11 NO=523

CM SY FI=cor.dat

MO NX=11 NK=11 LX=DIL.FR TD=/E PH=ST.FR
ou

TI TSSEM Stage 1: Group 2
DA NI=11 NO=1004

View of corl.ls8syntax file

created for LISREL

CM SY Fl=cor.dat
MO NX=11 NK=11 LX=DILFR TD=/ZE PH=5T.FRK
ou

TT TSSEM Stage 1: Group 3

DA NI=11 NO=122

CM SY Fl=cor.dat

MO NX=11 NK=11 LX=DILFR TD=/E PH=ST.FR
ou

TI TSSEM Stage 1: Group 4

DA NI=11 NO=240

CM SY Fl=cor.dat

MO NX=11 NK=11 LX=DILFR TD=ZE PH=ST.FR
ou

TI TSSEM Stage 1: Group 5

&
ot
%’%’é DeGroote
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Two-Stage SEM (TSSEM)

Question of HOW?

Then run the LISREL aorl.Is8and see the goodness of

fit results incorl.out for the homogeneity test.

Ll
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| corl.out - Notepad
File Edit Format View Help

Global Goodness of Fit Statistics

Degrees of Freedom = 216
Minimum Fit Function Chi-Square = 2533.60 (P = 0.0)

Normal Theory Weighted Least Squares Chi-Square = 2206.94 (P = 0.0)

Estimated Non-centrality Parameter (NCP) = 1990.94

90 Percent Confidence Interval for NCP = (1843.87 ; 2145.41)

Minimum Fit Function Value = 0.19
Population Discrepancy Function Value (F0) = 0.15
90 Percent Confidence Interval for FO = (0.14 ; 0.16)

Root Mean Square Error of Approximation (RMSEA) =

0.17

90 Percent Confidence Interval for RMSEA = (0.16 ; 0.17)

P-Value for Test of Close Fit (RMSEA < 0.05) = 0.00

Expected Cross-Validation Index (ECVI) = 0.54
90 Percent Confidence Interval for ECVI = (0.53 ; 0.55)
ECVI for Saturated Model = 0.0099
ECVI for Independence Model = 1.26

Chi-Square for Independence Model with 2255 Degrees of Freedom = 16795.11

Independence AIC = 17697.11

Model AIC = 7186.94
Saturated AIC = 5412.00
Independence CAIC =21531.56
Model CAIC = 28357.21
Saturated CAIC = 28418.72

Normed Fit Index (NFI) = 0.85

View of corl.out outpuitfile
for the stage-1
(i.e. homogeneity test of
correlations)

Non-Normed Fit Index (NNFI) = -0.66
Parsimony Normed Fit Index (PNFI) = 0.081
Comparative Fit Index (CFI) = 0.84
Incremental Fit Index (IFI) = 0.86
Relative Fit Index (RFI) =-0.57
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Two-Stage SEM (TSSEM)

Question of HOW?

You results are:

Homogeneous, proceetb stage?2
2-3%! |1 @®8dRih
. &) J ®8ih
. &) J ®8inh
#&) J @8i
Heterogeneous, stay and address the heterogeneity through:
Moderatortesting (e.g. cluster analysis)
Justifying the assumption of random effect -
U5

Hamed Saremi, TSSEM, DDSA Lunch & Learn Program "%.;s"‘ ' DCGI’OOIIC 32

uuuuuuuuuuuuuuuu



Two-Stage SEM (TSSEM)

Question of HOW?

(Cheung& Chan;2007)

Stage 2:
RUNOSSEM.EXE2# | 2 8 #i&youdr DOS command

window. This producesor2.1s8file which is a LISREL syntax for

test of SEM based on pooled correlation/covariance matrix,

ACM, and N

LL]
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Two-Stage SEM (TSSEM)

Question of HOW?

. cor2.Is8 - Notepad
File Edit Format View Help
! Generated by TSSEM, Mike Cheung (2007)
! Analysis of correlation matrices

TI TSSEM Stage 2 View of eor2.Is8 syntax file

DA NI=11 NO=13388 MA=KM for the stage-2 analysisiinLtSREL
KM=cor2.cor SY

AC=cor2.ack SY

LA

'Intent' 'PU" '"PEOU" 'Trust' 'SN' 'Compat' 'Effic' 'Secur' 'Conven' 'Involv' 'Tech'

MO NX=7 NY=4 PH=SY.FR PS=DIL.FR BE=FU.FI GA=FU.FI

fr be(1.2) be(1.3) be(1.4) be(2.3) be(2.4) be(4.3)

fr ga(3.2) ga(3.3) ga(3.5) ga(3.6) ga(4.1) ga(4.2) ga(4.4) ga(4.5) ga(4.6) ga(4.7)

OU ME=WL
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Two-Stage SEM (TSSEM)

Question of HOW?

Then run the LISREL a@or2.ls8and see the goodness of fit

results incor2.out for the SEM analysis
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b0
Hamed Saremi, TSSEM, DDSA Lunch & Learn Program "%.,:s* ' DCGI’OOIIC 35

uuuuuuuuuuuuuuuu



/| cor2.0UT - Notepad
File Edit Format View Help

Goodness of Fit Statistics

Degrees of Freedom = 18
Minimum Fit Function Chi-Square = 603.56 (P = 0.0)
Estimated Non-centrality Parameter (NCP) = 585.56
90 Percent Confidence Interval for NCP = (509.01 ; 669.52)

Minimum Fit Function Value = 0.045
Population Discrepancy Function Value (F0) = 0.044
90 Percent Confidence Interval for FO = (0.038 ; 0.050)
Root Mean Square Error of Approximation (RMSEA) = 0.049
90 Percent Confidence Interval for RMSEA = (0.046 ; 0.053)
P-Value for Test of Close Fit (RMSEA < 0.05) = 0.62

Expected Cross-Validation Index (ECVI) = 0.052
90 Percent Confidence Interval for ECVI = (0.047 ; 0.059)
ECVI for Saturated Model = 0.0099
ECVI for Independence Model = 1.28

Chi-Square for Independence Model with 55 Degrees of Freedom = 17102.93
Independence AIC = 17124.93
Model AIC = 699.56
Saturated AIC = 132.00 View of cor2.out output: file
Independence CAIC = 17218.45
Model CAIC = 1107.66
Saturated CAIC = 693.14

Normed Fit Index (NFI) = 0.96
Non-Normed Fit Index (NNFI) = 0.90
Parsimony Normed Fit Index (PNFI) = 0.32
Comparative Fit Index (CFI) = 0.97
Incremental Fit Index (IFI) = 0.97
Relative Fit Index (RFI) = 0.89 ‘Groote 36
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