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1. Introduction

LISREL for Windows (Joreskog & Sérbom 2006) is a Windows application for Structural
Equation Modeling, Multilevel Structural Equation Modeling, Multilevel Linear and Nonlinear
Modeling, Formal Inference-based Recursive Modeling, and Generalized Linear Modeling.
This application consists of a 32-bit Windows application LISWIN32 that interfaces with the
32-bit applications LISREL, PRELIS, MULTILEV, CATFIRM, CONFIRM, SURVEYGLIM,
and MAPGLIM.

PRELIS is a 32-bit application for manipulating data, transforming data, generating data,
computing moment matrices, computing asymptotic covariance matrices, performing
regression analyses, performing exploratory factor analyses of ordinal and continuous
variables, etc.

The 32-bit application LISREL is intended for Standard and Multilevel Structural Equation
Modeling. The Full Information Maximum Likelihood (FIML) method for missing data is also
available for both Standard and Multilevel Structural Equation Modeling.

MULTILEV fits multilevel linear and nonlinear models to raw data while CATFIRM and
CONFIRM allow Formal Inference-based Recursive Modeling for raw categorical and
continuous data respectively. SURVEYGLIM fits Generalized Linear Models (GLIMS) to
data from simple random and complex survey designs while MAPGLIM fits GLIMs to
multilevel data.

LISREL for Windows imports external data in formats such as SPSS, SAS, STATA,
Statistica, Microsoft Excel, SYSTAT, BMDP, etc. as a PRELIS System File (PSF).

This document is intended as a tutorial to familiarize new users of LISREL for Windows
with the features of the application. Section 2 describes the various files used and
generated by LISREL for Windows. A step-by-step procedure to fit a measurement model
to an SPSS data set with LISREL for Windows is described in Section 3. A procedure to fit
a structural equation model with latent variables is outlined in Section 4. The Robust
Maximum Likelihood (RML) and Weighted Least Squares (WLS) methods of LISREL for
Windows are illustrated in Sections 5 and 6 respectively. A Multilevel Confirmatory Factor
Analysis model is fitted to a longitudinal data set in Section 7. Section 8 illustrates how
LISREL for Windows can be used to compute latent variable scores and observational
residuals. In addition, the exporting of the latent variable scores and the observational
residuals as an SPSS data file is illustrated. An illustrative example of using latent variable
scores is provided in section 9. Section 10 illustrates the use of the multiple group analysis
feature of LISREL for Windows to assess the cross validation of a measurement model for
retail experience. A logistic regression analysis of the public’s perception of their influence
on government is demonstrated in the section 11. Sections 12 and 13 illustrate a censored
regression analysis and a latent growth curve analysis respectively. In Section 14, a
Bernoulli-Probit model is fitted to a complex survey data set.
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2. Files

LISREL for Windows uses a PRELIS System File (PSF) to store raw data.

A structural equation model can be specified by means of a path diagram, a SIMPLIS
project file, a LISREL project file, a SIMPLIS syntax file or a LISREL syntax file. LISREL for
Windows uses a graphics file with the default extension PTH to capture a path diagram.
The extensions SPJ and LPJ are used for SIMPLIS and LISREL project files respectively.
SIMPLIS and LISREL syntax files are text files with the default extensions SPL and LS8
respectively. These five file types can access the data from the PSF. If a user has prepared
any of these files, then LISREL for Windows can be used to fit the specified model to the
data specified in the corresponding PSF.

Path diagram, SIMPLIS project and LISREL project files are described in Du Toit & Du Toit
(2001). SIMPLIS syntax files are described in Joreskog & Sorbom (1999c) and in
http://www.ssicentral.com/lisrel/techdocs/SIMPLISSyntax.pdf#pagemode=bookmarks while
the LISREL syntax files are outlined in Joreskog & Soérbom (1999b) and in
http://www.ssicentral.com/lisrel/techdocs/LISRELSyntax.pdf#pagemode=bookmarks.

Whenever PRELIS processes a PSF interactively, a PRELIS syntax file with the same file
name as the PSF is created. A PRELIS syntax file is a text file with default extension PR2.
PRELIS syntax files are described in Joreskog & Soérbom (1999a) and in
http://www.ssicentral.com/lisrel/techdocs/IPUG.pdf.

MULTILEV, SURVEYGLIM, MAPGLIM, CATFIRM, and CONFIRM syntax files are also text
files with default extension PR2. MULTILEV syntax files are described in Joreskog et al.
(2001) and in http://www.ssicentral.com/lisrel/techdocs/MLUG.pdf while CATFIRM and
CONFIRM syntax files are described in Du Toit & Du Toit (2001).

SURVEYGLIM and MAPGLIM syntax files are described in
http://lwww.ssicentral.com/lisrel/techdocs/SGUG.pdf#pagemode=bookmarks and in the
LISREL for Windows help file respectively.

LISREL for Windows starts up by opening a main window with three menus. The File menu
can then be used to open existing or new PSFs and PTH files in PSF and PTH windows
respectively. It can also be used to open new or existing LISREL and SIMPLIS project files
in LISREL and SIMPLIS project (LPJ and SPJ) windows. Text editor windows are used to
display new or existing syntax files and output files. PTH, PSF, LPJ, SPJ, and text editor
windows have window-specific menus.
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3. Fitting a measurement model to SPSS data

LISREL for Windows can be used to fit measurement models to data. In this section, we
illustrate this feature by fitting a measurement model to an SPSS data set using a path
diagram and a SIMPLIS syntax file.

The data

The SPSS for Windows data file Depress.sav in the TUTORIAL subfolder contains 204
observations of 12 indicators of three latent variables. More specifically, the first 5
indicators (SELF1 to SELF5) are indicators of the latent variable Self-esteem, DEPRES1 to
DEPRES4 are indicators of the latent variable Depressiveness and IMPULS1 to IMPULS3
are indicators of the latent variable Impulsiveness. The first portion of the SPSS data file is
shown in the following SPSS data editor window.

Depress.sav - SPSS Data Editor

File Edit Wiew Data Transform Analvze Graphs  Utilities  Add-ons  Window  Help
= 8| B -] =k &l £ El&E %9
1. selft 3
salf] sel | seld | selfd | sel® | deprest | depres? |£I
1 | 3.00 2.00 3.00 4.00 4.00 4.00 2.00
2 2.00 1.00 2.00 3.00 2.00 3.00 00
i 2.00 1.00 4.00 2.00 2.00 2.00 00
4 1.00 1.00 2.00 2.00 4.00 4.00 3.00
o 2.00 0 1.00 2.00 3.00 2.00 1.00
B 4.00 3.00 3.00 2.00 4.00 2.00 1.00
7 .00 00 1.00 2.00 1.00 2.00 00
g 4.00 2.00 2.00 2.00 2.00 2.00 00
9 3.00 3.00 2.00 2.00 3.00 4.00 2.00
10 .00 3.00 3.00 3.00 1.00 3.00 1.00 _I
| 4 | ¥ [\ Data View £ variable View f 4] ]
SP55 Processor is ready

The model

The theoretical measurement model is a CFA model that specifies that the 12 indicators
are indeed indicators of the latent variables Self-esteem, Depressiveness, and
Impulsiveness. A path diagram of this model is shown below.
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Fitting the model to the data
Using a path diagram

>
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Use the Import Data option from the File menu of the main window of LISREL for
Windows to load the Open dialog box.

Select the SPSS data file (*.sav) option from the Files of type drop-down list box.
Browse for the file Depress.sav in the TUTORIAL subfolder and select it.

Click on the Open button to load the Save As dialog box.

Enter the name depress.PSF in the File name string field to produce the following
dialog box.
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Save As

?X

Save in: | T

TORLAL

-~ & e E-

@ depress,PSF
B fitchaleplk. PSF
@ pasurvey, psf

E reps.PSF
H|repl_1562.P5F
E surveyhim.psf
| KLEIN.PSF

4

E pasurveyIBM, PSF

E select.PSF

| PANUSALPSE
| FITCHOL.PSF
| BRITAIN,PSF
| DATAER? PSF
| EFFICACY PSF
E Marinas.PaF

E usa,.psf

B MGEIRLSC PSF
B MGBOYSC.PSF
E| Py PSF

E subabu, PSF
E|uUsal.PsF
B|15P1.PSF

B STUDENTS.PSF

Q substance_shuse,PSF

¥

File hame: |depress.F‘SF|

Save as ype: |F'F|ELIS Data [*.pzf)

j Cancel |

» Click on the Save button to open the following PSF window.

B depress PSF = E
SELF1 SELF2 SELF3 SELFA I SELFS I DEPR/
1 00 2.000 3.000 4.000 4.000 -
2 2.000 1.000 2.000 3.000 2.000 &
3 2.000 1.000 4.000 2.000 2.000
4 1.000 1.000 2.000 2.000 4.000
b 2.000 0.000 1.000 2.000 3.000
b 4.000 3.000 3.000 2.000 4.000
Fi 0.000 0.000 1.000 2.000 1.000
8 4.000 2.000 2.000 2.000 2.000
9 3.000 3.000 2.000 2.000 3.000
10 0.000 3.000 3.000 3.000 1.000
11 0.000 0.000 0.000 0.000 0.000
12 1.000 0.000 1.000 1.000 1.000
13 1.000 1.000 3.000 2.000 2.000
14 1.000 1.000 1.000 1.000 1.000
15 2.000 2.000 2.000 1.000 2.000 =
s . . . . LIJ

» Click on the variable label SELF1 to highlight the entire column.
> Right-click to open the variable menu as shown in the following PSF window.
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B¥ depress PSF B =] B
eFIE2 SELF3 SELF4 | SELF5s | DEPR
1 ................................ . %Erlr:exarfas:e&“ 3.000 4.000 4.000 ;I
2 I—EE; a_”';l = 2.000 3.000 2.000 =
3 LR anche 4.000 2.000 2.000
4 1.000 2.000 2.000 4.000
5 0.000 1.000 2.000 3.000
6 3.000 3.000 2.000 4.000
7 0.000 1.000 2.000 1.000
8 2.000 2.000 2.000 2.000
q 3.000 2.000 2.000 3.000
10 3.000 3.000 3.000 1.000
1 0.000 0.000 0.000 0.000
12 0.000 1.000 1.000 1.000
13 1.000 3.000 2.000 2.000
14 1.000 1.000 1.000 1.000
15 2.000 2.000 1.000 2.000 -
L | FI

» Select the Define Variables option to load the Define Variables dialog box.
> Select the label SELF1 to produce the following Define Variables dialog box.

Define Variables I x|l
3 Inizert
SELF2
SELF3
SELF4 Rename
SELF5
DEPREST Yariable Type
DEPRES2 L]
DEPRES3
DEPRES4 Category Labels
IMPIILS1
IMPLILS2 Mizzing Walues
IMPLS3 P S R
Ok
Cancel

To zelect maore thah one varable at a
time, hold down the CTRL key while clicking
on the wanables to be selected

i

» Click on the Variable Type button to load the Variable Types for SELF1... dialog box.

» Select the Continuous radio button.

» Check the Apply to all checkbox to produce the Variable Types for SELF1... dialog
box below.
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Cancel

\_Ilﬁ

" Censored above

" Censored below
" Cenzored above and below v Apply to sl

Click on the OK button to reload the Variable Types dialog box.

Click on the OK button to return to the PSF window.

Save your changes to the PSF by using the Save option on the File menu.
Select the New option on the File menu to load the New dialog box.

Select the Path Diagram option in the New list box.

Click on the OK button to load the Save As dialog box.

Enter the name depress1.PTH in the File name string field.

Click on the Save button to open the empty PTH window for depress1.PTH.
Select the Variables option on the Setup menu to load the Labels dialog box.
Click on the Add/Read Variables button to load the Add/Read Variables dialog box.
Select the PRELIS System File option from the drop-down list box.

Click on the Browse button to load the Browse dialog box.

Browse for the file depress.PSF in the TUTORIAL subfolder and select it.

Click on the Open button to return to the Add/Read Variables dialog box.

Click on the OK button to return to the Labels dialog box.

Click on the Add Latent Variables button to load the Add Variables dialog box.
Enter the label selfest in the string field.

Click on the OK button to return to the Labels dialog box.

Click on the Add Latent Variables button to load the Add Variables dialog box.
Enter the label depress in the string field.

Click on the OK button to return to the Labels dialog box.

Click on the Add Latent Variables button to load the Add Variables dialog box.
Enter the label impuls in the string field.

Click on the OK button to produce the following Labels dialog box.

LISREL for Windows: Getting Started Guide



Labels

Obzerved Yarables Latent  aniables

Hame M ame | |
COMST - 1 zelfest
SELF1 T deprezs
SELFZ T 3 impulz
SELF3 MHest >
SELF4
SELFR
DEPREST 0K
DEPRESZ
DEPRES3 Cancel
0 |DEFPRES4 -

< Prevviouz

2

QU0

=L LD 0D | =] O P [ L e —

Add/Read Yariables | - Add Latent Variables |

Presz the Down Arrow ko insert one row at a ime once a label has been typed in the
PrEyioLE 1o

Prezz the Inzert key to inzert empty rows or the Delete key to delete selected rows

Click on the OK button to return to the PTH window for depress1.PTH.

Click, drag and drop the observed variable labels one at a time into the empty PTH
window.

Click, drag and drop the latent variable labels one at a time into the empty PTH window.
Click on the Arrow button on the drawing toolbar.

Click and drag 5 paths from selfest to SELF1, SELF2, SELF3, SELF4, and SELF5.
Click and drag 4 paths from depress to DEPRES1, DEPRES2, DEPRES3, and
DEPRES4.

Click and drag 3 paths from impuls to IMPULS1, IMPULS2, and IMPULS3 to produce
the following PTH window.

\ A7

YV VVVY
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B depress1.PTH

o.00= SELF]

o.o0e= SELFI

o.00+={ SELF3

o.004={ SELF4

o.oo+= SELFS

o.oo0+= DEPRES!

o.o0= DEFRES

o004 DEFRES

o.o0+= DEFRE®

o.oo-s={ T PITLE1

0. o0 IMPULE

.00+ IMPULES

54

< |

| W

» Click on the Build SIMPLIS Syntax option on the Setup menu to open the SPJ window
for depress1.SPJ.

» Click on the Run LISREL button IE to produce the following PTH window.
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B depress1.PTH

0. 23 FELF1
0. G = SELF2
0. &7 SEL F#
0. &35 FEL F
0. 55— SELF3
0.4¢& 4= TEFRES]
0.g5 %= DEFRESZ
0.54% DEFEES:
0.5z %= T[EFEES
.30 IMFOLE
0.Z0+= IMFIOLE
104+ IMPIOLS:

Chi-Sgquare=121.88, df=51,

£ [

P—walue=0,00000, RMZEA=0.0813

L

[

‘\T ‘\\

(-

N

0.e0

[

NN

>.

E\\

17

| &

|

The requested results are listed in the text editor window for depress1.OUT.

Submitting the SIMPLIS syntax file

A SIMPLIS syntax file may also be used to generate the previous PTH window. The

corresponding SIMPLIS syntax file depressl.spl,

subfolder, is submitted as follows.

» Select the Open option on the File menu to load the Open dialog box.

» Browse for the file depressl.spl in the TUTORIAL subfolder and select it.
» Click on the Open button to open the following text editor window.

LISREL for Windows: Getting Started Guide
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B depress1 spl =101 %]

F Y

Faw Data from File DEPREIS.P3F
Latent Variashles

selfest depress impuls
Felationships

SELF1-3ELFS = zelfestc
DEPEEZ1-DEPREZ4 = depres=s
IMPUL21-IMPULSS = impuls
Lisrel Output: ND=3 3C

FPath Diagram

End of Problem= —

| A

Line 1 specifies the raw data source.

Lines 2 and 3 specify labels for the latent variables of the model.

Lines 4 to 7 specify the measurement model for the latent variables Self-esteem,
Depressiveness and Impulsiveness.

Line 8 requests that the results in the output file should be given in terms of the LISREL
model for the structural equation model (LISREL Output). It also requests that the results
should be written to three decimal places (ND=3) and that the completely standardized
solution should be written to the output file (SC).

Line 9 requests a path diagram of the model.

Line 10 indicates that no more SIMPLIS commands are to be processed.

» Click on the Run LISREL button IE to produce the PTH window on the previous page.

LISREL for Windows: Getting Started Guide 11



4. Fitting a structural equation model to SPSS data

In this section, we demonstrate how to use LISREL for Windows to fit a structural equation

model to SPSS data.

The data

The SPSS for Windows data file Depress.sav in the TUTORIAL subfolder contains 204
observations of 12 indicators of three latent variables. More specifically, the first 5
indicators (SELF1 to SELF5) are indicators of the latent variable Self-esteem, DEPRES1 to
DEPRES4 are indicators of the latent variable Depressiveness and IMPULS1 to IMPULS3
are indicators of the latent variable Impulsiveness. The first portion of the SPSS data file is
shown in the following SPSS data editor window.

Depress.say - SPSS Data Editor

File Edit “iew Data Transform  Analyze Graphs  Utilities  Add-ons  Window  Help
=d|S B | =kl FlE SRR %9
1. selft )
selfl sel2 | sed | selfd | se® | depres! | depres2 |
1 | 3.00 2.00 3.00 4.00 4.00 4.00 2.00
2 2.00 1.00 2.00 3.00 2.00 3.00 00
i 2.00 1.00 4.00 2.00 2.00 2.00 00
4 1.00 1.00 200 200 4.00 4.00 3.00
5 2.00 00 1.00 2.00 3.00 2.00 1.00
B 4.00 3.00 3.00 2.00 4.00 2.00 1.00
7 0a aa 1.00 200 1.00 200 a
a 4.00 2.00 2.00 2.00 2.00 2.00 00
9 3.00 3.00 2.00 2.00 3.00 4.00 2.00
10 .00 3.00 3.00 3.00 1.00 3.00 1.00
| 4 | » [\ Data View £ variable View f 4] ]
SPSS Processor is ready

e

The model

The structural equation model suggests that the latent variables Depressiveness and
Impulsiveness are correlated antecedents of the latent variable Self-esteem. A path
diagram of this model follows.

LISREL for Windows: Getting Started Guide
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B depress2.PTH

o.00+= DEPRESI \

o_.oo*= DEPRES?

\

0. oo+ DEPRES]

0.o0o+= DEPRESA

0.

a.

0.

.

]

oo

alu]

ulu]

SELF1

B=)E3

~=%+0.00

SELFZ

SELF3

SE LF4

SELF:

IMPULE1 [~=0.00

IMPULEZ |=+0.00

IMPULES |=+0.00

Fitting the model to the data

Using a path diagram

» Use the Import Data option from the File menu of the main window of LISREL for
Windows to load the Open dialog box.

VVVY

dialog box.

LISREL for Windows: Getting Started Guide

Select SPSS data file (*.sav) from the Files of type drop-down list box.

Browse for the file Depress.sav in the TUTORIAL subfolder and select it.
Click on the Open button to load the Save As dialog box.
Enter the name depress.PSF in the File name string field to produce the following
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Save As

?X

Save in: | T

TORLAL

-~ & e E-

@ depress,PSF
B fitchaleplk. PSF
@ pasurvey, psf

E reps.PSF
H|repl_1562.P5F
E surveyhim.psf
| KLEIN.PSF

4

E pasurveyIBM, PSF

E select.PSF

| PANUSALPSE
| FITCHOL.PSF
| BRITAIN,PSF
| DATAER? PSF
| EFFICACY PSF
E Marinas.PaF

E usa,.psf

B MGEIRLSC PSF
B MGBOYSC.PSF
E| Py PSF

E subabu, PSF
E|uUsal.PsF
B|15P1.PSF

B STUDENTS.PSF

Q substance_shuse,PSF

¥

File hame: |depress.F‘SF|

Save as ype: |F'F|ELIS Data [*.pzf)

j Cancel |

» Click on the Save button to open the following PSF window.

B depress PSF = E
SELF1 SELF2 SELF3 SELFA I SELFS I DEPR/
1 00 2.000 3.000 4.000 4.000 -
2 2.000 1.000 2.000 3.000 2.000 &
3 2.000 1.000 4.000 2.000 2.000
4 1.000 1.000 2.000 2.000 4.000
b 2.000 0.000 1.000 2.000 3.000
b 4.000 3.000 3.000 2.000 4.000
Fi 0.000 0.000 1.000 2.000 1.000
8 4.000 2.000 2.000 2.000 2.000
9 3.000 3.000 2.000 2.000 3.000
10 0.000 3.000 3.000 3.000 1.000
11 0.000 0.000 0.000 0.000 0.000
12 1.000 0.000 1.000 1.000 1.000
13 1.000 1.000 3.000 2.000 2.000
14 1.000 1.000 1.000 1.000 1.000
15 2.000 2.000 2.000 1.000 2.000 =
s . . . . LIJ

» Click on the variable label SELF1 to highlight the entire column.
> Right-click to open the variable menu as shown in the following PSF window.

LISREL for Windows: Getting Started Guide
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B¥ depress PSF B =] B
eFIE2 SELF3 SELF4 | SELF5s | DEPR
1 ................................ . %Erlr:exarfas:e&“ 3.000 4.000 4.000 ;I
2 I—EE; a_”';l = 2.000 3.000 2.000 =
3 LR anche 4.000 2.000 2.000
4 1.000 2.000 2.000 4.000
5 0.000 1.000 2.000 3.000
6 3.000 3.000 2.000 4.000
7 0.000 1.000 2.000 1.000
8 2.000 2.000 2.000 2.000
q 3.000 2.000 2.000 3.000
10 3.000 3.000 3.000 1.000
1 0.000 0.000 0.000 0.000
12 0.000 1.000 1.000 1.000
13 1.000 3.000 2.000 2.000
14 1.000 1.000 1.000 1.000
15 2.000 2.000 1.000 2.000 -
L | FI

» Select the Define Variables option to load the Define Variables dialog box.
> Select the label SELF1 to produce the following Define Variables dialog box.

Define Variables I x|l
3 Inizert
SELF2
SELF3
SELF4 Rename
SELF5
DEPREST Yariable Type
DEPRES2 L]
DEPRES3
DEPRES4 Category Labels
IMPIILS1
IMPLILS2 Mizzing Walues
IMPLS3 P S R
Ok
Cancel

To zelect maore thah one varable at a
time, hold down the CTRL key while clicking
on the wanables to be selected

i

» Click on the Variable Type button to load the Variable Types for SELF1... dialog box.

» Select the Continuous radio button.

» Check the Apply to all checkbox to produce the Variable Types for SELF1... dialog
box below.

LISREL for Windows: Getting Started Guide 15
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Cancel

\_Ilﬁ

" Censored above

" Censored below
" Cenzored above and below v Apply to sl

Click on the OK button to reload the Variable Types dialog box.

Click on the OK button to return to the PSF window.

Save your changes to the PSF by using the Save option on the File menu.
Select the New option on the File menu to load the New dialog box.

Select the Path Diagram option in the New list box.

Click on the OK button to load the Save As dialog box.

Enter the name depress2.PTH in the File name string field.

Click on the Save button to open the empty PTH window for depress1.PTH.
Select the Variables option on the Setup menu to load the Labels dialog box.
Click on the Add/Read Variables button to load the Add/Read Variables dialog box.
Select the PRELIS System File option from the drop-down list box.

Click on the Browse button to load the Browse dialog box.

Browse for the file depress.PSF in the TUTORIAL subfolder and select it.

Click on the Open button to return to the Add/Read Variables dialog box.

Click on the OK button to return to the Labels dialog box.

Click on the Add Latent Variables button to load the Add Variables dialog box.
Enter the label selfest in the string field.

Click on the OK button to return to the Labels dialog box.

Click on the Add Latent Variables button to load the Add Variables dialog box.
Enter the label depress in the string field.

Click on the OK button to return to the Labels dialog box.

Click on the Add Latent Variables button to load the Add Variables dialog box.
Enter the label impuls in the string field.

Click on the OK button to produce the following Labels dialog box.
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Labels

Obzerved Yarables Latent  aniables

Hame M ame | |

COMST - 1 zelfest

SELF1 T deprezs
SELFZ impulz

SELF3 MHest >
SELF4
SELFR
DEPREST 0K
DEPRESZ
DEPRES3 Cancel
0 |DEFPRES4 -

< Prevviouz

2

(h ]

dEE0N.

=L LD 0D | =] O P [ L e —

Add/Read Yariables | - Add Latent Variables |

Presz the Down Arrow ko insert one row at a ime once a label has been typed in the
PrEyioLE 1o

Prezz the Inzert key to inzert empty rows or the Delete key to delete selected rows

Click on the OK button to return to the PTH window for depress1.PTH.

Check the Y check boxes for SELF1, SELF2, SELF3, SELF4, SELF5, IMPULSI],
IMPULS2, and IMPULS3.

Check the Eta check boxes for impuls and selfest.

Click, drag and drop the observed variable labels one at a time into the empty PTH
window.

Click, drag and drop the latent variable labels one at a time into the empty PTH window.
Click on the Arrow button on the drawing toolbar.

Click and drag 5 paths from selfest to SELF1, SELF2, SELF3, SELF4, and SELF5.
Click and drag 4 paths from depress to DEPRES1, DEPRES2, DEPRES3, and
DEPRESA4.

Click and drag 3 paths from impuls to IMPULS1, IMPULS2, and IMPULSS.

Click and drag 2 paths from depress and impuls to selfest.

Click and drag a path from impuls to depress to produce the following PTH window.

VVVY VYV VYV

YV VYV
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P depress2. PTH -0l x|
B
SELFl |=+0.00
SELF: [=0.o0
o.oo-= DEFRES] \
0.0 SELF3 [=0.00
o.o0= DEPRESE (4
0.00 -
0.ao y SELF [=*+0.00
o.00| DEPRESS [~/ \
0.00
/ ELF: |=0.00
o.o0#= DEPRESS
[MPULS] |=0. 00
[IMPULS |=0.00
0.00
\\ [IMPULS |=0. 00
ki | W

» Click on the Build SIMPLIS Syntax option on the Setup menu to open the SPJ window
for depress2.SPJ.

» Click on the Run LISREL button IE to produce the following PTH window.
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¥ depress2.PTH

0. 46

DEPRESL

0.55

DEPRESE

0.34"

DEPRES]

0.8z -

DEFPRES

Chi-Sgquare=121.88,

£

0.

1.

df=51,

£3
27
oG

u]

a.

selfest )
084

III 17
1mpuls

P—vralue=0.00000, RM3IEA=0.083

SELF1

k]

SELF

oz

0.98 — g

SELF

SELF4

SELFa

IMPULSL

IMPULES

IMPULE]

=i

--l:l

=]

-1

.67

-]

.55

ci]

.z0

S04

The requested results are listed in the text editor window for depress2.0OUT.

Submitting the SIMPLIS syntax file

A SIMPLIS syntax file may also be used to generate the previous PTH window. The

corresponding SIMPLIS syntax file depress2.spl,

subfolder, is submitted as follows.

» Select the Open option on the File menu to load the Open dialog box.
» Browse for the file depress2.spl in the TUTORIAL subfolder and select it.
» Click on the Open button to open the following text editor window.

LISREL for Windows: Getting Started Guide
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_ioix]

Faw Data from File DEFPREZS.PSF s
Latent Variahles —
selfest depress impuls

Felationships

SELF1-3ELFS = selfest

DEPREZ1-DEFPREZ4 = depress

IMPULS1-IMPULS3 = impuls

selfest = depress impuls

impuls = depress

Lisrel Output: ND=3 3C

FPath Diagram

End of Problemd

| AV

Line 1 specifies the raw data source.

Lines 2 and 3 specify labels for the latent variables of the model.

Lines 4 to 9 specify the structural equation model for the latent variables Self-esteem,
Depressiveness and Impulsiveness.

Line 10 requests that the results in the output file should be given in terms of the LISREL
model for the structural equation model (LISREL Output). It also requests that the results
should be written to three decimal places (ND=3) and that the completely standardized
solution should be written to the output file (SC).

Line 11 requests a path diagram of the model.

Line 12 indicates that no more SIMPLIS commands are to be processed.

» Click on the Run LISREL button @ to produce the path diagram on the previous page.
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5. Robust maximum likelihood

Browne (1987) formulated a Robust Maximum Likelihood (RML) method for factor analysis
and related models. Satorra & Bentler (1988) extended this method by providing a correct
Chi-square test statistic. This method is available in LISREL for Windows and the
associated formulae are provided in Jéreskog et al (2001). To implement this method, the
user needs to compute the Asymptotic Covariance Matrix (ACM) of the sample variances
and covariances. In this section, we illustrate how to fit a structural equation model to data
by using the RML method.

The data

The data file depress.PSF in the TUTORIAL subfolder contains 204 observations of 12
indicators of three latent variables. More specifically, the first 5 indicators (SELF1 to
SELF5) are indicators of the latent variable Self-esteem, DEPRES1 to DEPRES4 are
indicators of the latent variable Depressiveness and IMPULS1 to IMPULSS are indicators
of the latent variable Impulsiveness. The first portion of the data file is shown in the
following PSF window.

B depress PSF . x B =] 7
SELF1 SELF2 SELF3 SELF4 I SELFS I DEPR|
1 11 2.000 3.000 4.000 4.000 |
2 2.000 1.000 2.000 3.000 2.000 =
3 2.000 1.000 4.000 2.000 2.000
4 1.000 1.000 2.000 2.000 4.000
b Z2.000 0.000 1.000 Z2.000 3.000
b 4.000 3.000 3.000 Z2.000 4.000
Fi 0.000 0.000 1.000 Z2.000 1.000
] 4.000 2.000 2.000 Z2.000 2.000
q 3.000 3.000 2.000 2.000 3.000
10 0.000 3.000 3.000 3.000 1.000
11 0.000 0.000 0.000 0.000 0.000
12 1.000 0.000 1.000 1.000 1.000
13 1.000 1.000 3.000 Z2.000 2.000
14 1.000 1.000 1.000 1.000 1.000
15 Z2.000 2.000 Z2.000 1.000 2.000 -
ot = = = = LH

The model

The structural equation model suggests that the latent variables Depressiveness and
Impulsiveness are antecedents of the latent variable Self-esteem and that Depressiveness
determines Impulsiveness. A path diagram of this model follows.
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B depress3.PTH

SELF1 |==
—=| DEPRES1 SELFI |=-
SELF3 |=

—~ DEPRESE
SELF4 |
—~{ DEPRES3 SELFY |-
IMPULSL =

—= DEPRE:4
IMPULSE =
IMPULSS =

w

£ *

Fitting the model to the data

Generating the ACM file

Select the Open option from the File menu to load the Open dialog box.

Select the PRELIS Data (*.psf) option from the Files of type drop-down list box.
Browse for the file depress.PSF in the TUTORIAL subfolder and select it.

Click on the Open button to open the PSF window for depress.PSF.

Select the Output Options option from the Statistics menu to load the Output dialog
box.

Check the LISREL system data check box in the Moment Matrix section.

Check the Save to File check box in the Asymptotic Covariance Matrix section.

Enter the name depress.acm in the string field in the Asymptotic Covariance Matrix
section to produce the following Output dialog box.

YVVYV VVVVYVY
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— koment b atrix —Data
IEnvariances j [T Save the ransformed data ta file;

[ Savetofile: W LISREL system data |

I Wwidth of fields: 15

Mumber of decimals: [

—Means
| [T Save to file:
I MNurmber of repetitions: |4

LN

[ Rewind data after each repetition

— Standard Devistions i
P I [ Erint Bivarate fequencmtatbles

I I | Erint teste af underdiima bivarate manmalit

[ Perform tests of multivariate nomaliy

— Azymptotic Covariance b atris : ;
[ wide print

V¥ Savetofile: T Printin output
Idepress.acn‘l % Fandom seed

" Set zeed to |1 23456

— Azymptotic Variances
[T Savetofile: [ Frintin output

I | 0k, I Cancel | Helm |

» Click on the OK button to run PRELIS to generate the text editor window containing the
output file Depress.out. This action causes PRELIS to generate the estimated
asymptotic covariance matrix file depress.acm that will be needed to implement the
RML method.

Submitting the SIMPLIS syntax file

» Select the Open option on the File menu to load the Open dialog box.

» Browse for the file Depress3.spl in the TUTORIAL subfolder and select it.
» Click on the Open button to open the following text editor window.

" -

D depress3.spl EI@

Raw Data from File DEFPRESS5.PSF
Leymptotic Covariance Matrix from file DEPRESS.ACH
tatent Variables=

gelfe=st depre=ss impuls
Relationships

SELF1-SELFS5 = selfest
DEPEES1-DEPRES4 = depress
IMPULS1-IMPULS3 impuls
gelfe=st = depress impuls
impuls = depress

Li=zrel Cutput: ND=32 5C ME=ML
Path Diagram

End of Problem

Line 1 specifies the summary data source.
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Lines 2 and 3 specify labels for the latent variables of the model.
Lines 4 to 9 specify the structural equation model for the latent variables Self-esteem,
Depressiveness and Impulsiveness.
Line 10 requests that the results in the output file should be given in terms of the LISREL
model for the structural equation model (LISREL Output). It also requests that the results
should be written to three decimal places (ND=3), that the completely standardized solution
should be written to the output file (SC), and that the maximum likelihood method should be

used (ME=ML).

Line 11 requests a path diagram of the model.
Line 12 indicates that no more SIMPLIS commands are to be processed.

» Click on the Run LISREL button IE to produce the following PTH window.

’-depress&PTH

=10l x|

0. 4 =

DEPRES!L 0.
\ l

0. 85 =

DEPBREGE [

depress

0. 94 -

DEPRES3 /
1.10

0. BZ =

DEPRERS

Kl

Chi-3guare=106.40, df=51, P-walue==0.00001,

The requested results are displayed in the text editor window for Depress3.0OUT.
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=+0_53

SELF

=+0_55

IMPULEL
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IMPULES
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6. Weighted least squares

Browne (1982, 1984) formulated an Asymptotically Distribution Free (ADF) method for
covariance structures. This method is implemented in LISREL for Windows as Weighted
Least Squares (WLS) and extended to correlation structures. To implement this method,
the user needs to compute the Asymptotic Covariance Matrix (ACM) of the sample
variances and covariances or sample correlations. Next, we demonstrate how to use the
WLS method of LISREL for Windows to fit a structural equation model to data on
depression.

The data

The data file depress.PSF in the TUTORIAL subfolder contains 204 observations of 12
indicators of three latent variables. More specifically, the first 5 indicators (SELF1 to
SELF5) are indicators of the latent variable Self-esteem, DEPRES1 to DEPRES4 are
indicators of the latent variable Depressiveness and IMPULS1 to IMPULSS are indicators
of the latent variable Impulsiveness. The first portion of the data file is shown in the
following PSF window.

B depress PSF :' O] =]
SELF1 SELF2 SELF3 SELF4 I SELFS I DEPR|
1 11 2.000 3.000 4.000 4.000 |
2 2.000 1.000 2.000 3.000 2.000 =
3 2.000 1.000 4.000 2.000 2.000
4 1.000 1.000 2.000 2.000 4.000
b Z2.000 0.000 1.000 Z2.000 3.000
b 4.000 3.000 3.000 Z2.000 4.000
Fi 0.000 0.000 1.000 Z2.000 1.000
] 4.000 2.000 2.000 Z2.000 2.000
q 3.000 3.000 2.000 2.000 3.000
10 0.000 3.000 3.000 3.000 1.000
11 0.000 0.000 0.000 0.000 0.000
12 1.000 0.000 1.000 1.000 1.000
13 1.000 1.000 3.000 Z2.000 2.000
14 1.000 1.000 1.000 1.000 1.000
15 Z2.000 2.000 Z2.000 1.000 2.000 -
ot = = = = LH

The model

The structural equation model suggests that the latent variables Depressiveness and
Impulsiveness are correlated antecedents of the latent variable Self-esteem. A path
diagram of this model follows.
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’-Depress4.PTH ;Iglil
=
SELFL  [=-
L
| DEPRESI / SELEL =
SELF3 =
—= DEPRES?
.' SELF4 |-
[MPULS] |-
-+ DEPRESA
[MPULSZ [~
[MPULSS [=+
Kl | v

Fitting the model to the data
Generating the matrix files

VVVY VVVVYVY

Select the Open option from the File menu to load the Open dialog box.

Select the PRELIS Data (*.psf) option from the Files of type drop-down list box.
Browse for the file depress.PSF in the TUTORIAL subfolder and select it.

Click on the Open button to open the PSF window for depress.PSF.

Select the Output Options option from the Statistics menu to load the Output dialog
box.

Check the Save to File check box in the Moment Matrix section.

Enter the name depress.cov in the string field in the Moment Matrix section.

Check the Save to File check box in the Asymptotic Covariance Matrix section.

Enter the name depress.acm in the string field in the Asymptotic Covariance Matrix
section to produce the following Output dialog box.
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» Click on the OK button to run PRELIS to generate the text editor window containing the
output file Depress.out. This action causes PRELIS to generate the sample covariance
matrix depress.cov and the estimated asymptotic covariance matrix file depress.acm
that will be needed to implement the WLS method.
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Submitting the SIMPLIS syntax file

» Select the Open option on the File menu to load the Open dialog box.

» Browse for the file Depress4.spl in the TUTORIAL subfolder and select it.
» Click on the Open button to open the following text editor window.

D Depressd.spl E'@

Cbhserved Variables

SELF1 SELFZ SELF3 SELF4 SELFS DEFPRES1

DEFRESZ DEFPRESZ DEPRES4 IMPULS1 IMPULSZ2 IMPULS3
Covariance Matrix from File DEFPRESS.COV
Azymptotic Covariance Matrix from f£ile DEPRESS.ACH
Sample Size = 204

Latent Variables

gelfest depress impuls

Relationships

SELF1-5ELFS = selfest

DEFRES1-DEFRES4 = depress

IMPUOLS1-THMPULS3 = impuls

selfest = depress impuls

impul=s = depress

Lisrel Cutput: HND=3 5C ME=WLS5

Path Diagram

End of Problem

Lines 1-3 specify the names of the observed variables of the model.

Line 4 specifies the sample covariance matrix file to be used.

Line 5 specifies the estimated asymptotic covariance matrix file to be used.

Line 6 specifies the number of observations.

Lines 7 and 8 specify labels for the latent variables of the model.

Lines 9 to 14 specify the structural equation model for the latent variables Self-esteem,
Depressiveness and Impulsiveness.

Line 15 requests that the results in the output file should be given in terms of the LISREL
model for the structural equation model (LISREL Output). It also requests that the results
should be written to three decimal places (ND=3), that the completely standardized solution
should be written to the output file (SC), and that the weighted least squares method should
be used (ME=WLS).

Line 16 requests a path diagram of the model.

Line 17 indicates that no more SIMPLIS commands are to be processed.
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» Click on the Run LISREL button IE to produce the following PTH window.

L) 111}

) DepresstPTH (oo
o
SELF1 [=#0.¢£5
0.23-s= DEPRES1 1.ua/ SELF2 |=+0.45
\ 1.20
-] selfeat .15—l- SELF3 [=+0.2
0.&7 %= DEFRES2 ) )
0 es /
depress \
\ o. 1,35 SELF4 |~0. 2
1.11 . \
0.72 == DEERES3 / impuls SELFS |=e0.235
1.24
0.22
0. 10 IMPULS1 |==0.17
0.52 == DEFRES4 u_'?\
\ IMPULSZ |=+0.0€
IMPULSS |™0.55
Chi-Square=114.5%2, d4£=51, P-value=0.00000, BMSEXZ=0.078

The requested results are displayed in the text editor window for Depress4.0OUT.
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7. Multilevel confirmatory factor analysis

The multilevel SEM module of LISREL for Windows (Joreskog & Sdrbom 2006) allows the
user to fit latent variable models to two-level hierarchical multivariate data sets by using Full
Information Maximum Likelihood (FIML) estimation. Complete data sets or data sets with
missing values can both be analyzed. More details on this multiievel SEM module are
available in Du Toit & Du Toit (2001). In this section, we illustrate how to implement this
module to fit a two-factor Confirmatory Factor Analysis (CFA) model to a 2-level data set.

The data

The data set forms part of the data library of the Multilevel Project at the University of
London, and emanates from the Junior School Project (Mortimore et al, 1988).
Mathematics and language tests were administered in three consecutive years to more
than 1000 students from 50 primary schools, which were randomly selected from primary
schools maintained by the Inner London Education Authority. The data are provided in the
file JSP1.PSF which is located in the TUTORIAL subfolder of LISREL for Windows. The
first portion of this file is shown in the following PSF window.

=10l x|
school gender math1 math2 I math3 I engl I engZ

1 0.000 23.000 24.000 23.000 72.000 0. =/

2 1.000 1.000 14.000 11.000 -9.000 7.000 17.]
3 1.000 1.000 36.000 32.000 39.000 88.000 g9.
4 1.000 1.000 24.000 Z6.000 32.000 12.000 2h.
5 1.000 0.000 22.000 23.000 -9.000 67.000 78.
b 1.000 0.000 19.000 23.000 11.000 h2.000 7h.
Fi 1.000 1.000 22.000 22.000 26.000 37.000 Ba.
] 1.000 0.000 18.000 29.000 28.000 R7.000 a6,
q 1.000 1.000 30.000 31.000 -9.000 42.000 R
10 1.000 0.000 29.000 29.000 -9.000 46.000 79.
11 1.000 0.000 31.000 28.000 32.000 £9.000 g4.
12 1.000 0.000 18.000 Z6.000 -9.000 54.000 7.
13 1.000 0.000 23.000 -9.000 27.000 63.000 -9,
14 1.000 0.000 39.000 35.000 36.000 83.000 aa.

15 1.000 0.000 24.000 30.000 33.000 37.000 44. _

- il_l EN e tnl f PR o I o TS 8 e I Y o LA o 1 SO o o N R Koy B e Ko | A Sanan 'II—‘

Note that the —9.000 entries represent missing values.

The models

The between schools model

We consider Mathematics and Language tests, which were administered in three
consecutive years to more than 1000 students from 50 primary schools. The three
Mathematics scores are regarded as indicators of the latent variable Numerical Ability
while the three English scores are regarded as indicators of the latent variable Verbal
Ability. A path diagram for the between schools model for Numerical and Verbal Ability is
shown below.
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— mathl

e
—- math3
|
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— - eng3

-

45

4

The within schools model

We consider Mathematics and Language tests, which were administered in three
consecutive years to more than 1000 students from 50 primary schools. The three
Mathematics scores are regarded as indicators of the latent variable Numerical Ability
while the three English scores are regarded as indicators of the latent variable Verbal
Ability. In addition, it is assumed that the successive measurement errors for the
Mathematics and English scores are correlated within schools. It is also hypothesized that
the initial errors for the Mathematics and English scores are correlated within schools. A
path diagram for the within schools model for Numerical and Verbal Ability is shown below.

= mathl J
e

= mathd

o] e

—- EngE

1] | H 4
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Fitting the between and within schools models

» Use the New option on the File menu of the main window to load the New dialog box.

» Select the Syntax Only option from the list box on the New dialog box to open the
SYNTAX1 text editor window.

» Enter the following commands into the SYNTAX1 text editor window.

B JsPisPL i =10] x|

Group Between Schools |
Faw Data from file JSP1.PsF L]
FCLUSTER school

Latent Variables

MAb 1 T1ty WALT Tty

Felationships

matht = 1*MARTTity

mathZ mathd = MAbiTity

engl = 1*WARI ity

eng? engd = WAbility _Ij
4 | 4V

Line 1 specifies that the model that follows is the between schools model.

Line 2 specifies the raw data source.

Line 3 specifies the cluster variable. This specification invokes the multilevel SEM method
of LISREL for Windows.

Lines 4-5 specify labels for the latent variables of the model.

Lines 6-10 specify the between schools model.

» Add the following commands into the SYNTAX1 text editor window.

=101 |

Group Within Schools

Faw Data from file J5P1.PsF

Felationships

mathl = T*MAbiITity

math2 math3 = MAbility

engl = 1*WARbi1Tity

engZ engd = WAbiTity

set the Variance of MAbility Free

set the Variance of WAbility Free

et the Covariance of MAbiTity and VAhility Free
set the Error VWariance of mathl Free

set the Error Variance of mathZ Free

Set the Error Variance of mathd Free

zet the Error Variance of engl Free

set the Error Variance of engZ Free

set the Error Variance of eng3 Free

set the Error Covariance of engl and mathl Free

et the Error Cowariance of engl and eng2 Free [
set the Error Cowariance of eng2 and engd Free

set the Error Covariance of mathl and mathZ Free

Set the Error Covariance of math2 and math3 Fred T

| 4V
LISREL for Windows: Getting Started Guide 32




Line 1 specifies that the model that follows is the within schools model.

Line 2 specifies the raw data source.

Lines 3-21 specify the within schools model.

Line 17 specifies that the measurement errors for the initial Mathematics and English
scores be correlated.

Lines 18-21 specify that the measurement errors for the consecutive Mathematics and
English scores be correlated.

» Use the Save As option on the File menu to save the SIMPLIS syntax file as
JSP1.SPL.
» Click on the Run LISREL icon to produce the following PTH window.

_ ol x|
1. zz#  mathl J
0. oo 1 oo
. E1-= mathd '-q—.__l-lE -
0.0000 1 sc ; ‘\
-
1&g+  mathd o me
1 g engl 1.00 —aa.zg
0.00 1.1&
- Enga 1.2E
0.00
15 Goee engd
Chi-Sguare=14.39, df=11, P-value=0.15874Z, BFM3IEA=0.0:24 i
1] | 4

The results above are those for the between schools model.
» Select the Group Within Schools option from the Groups dropdown list box on the
PTH window to display the following PTH window.
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B JsP1PTH

5

1z 43w pathl _I -
1144 1 oo J
15, el path? - e B
£.4581% 34 7\
: 0.90
-
13, Qe atha 100,59
liz. oz= engl 1.00 —40?.4‘1/
79.74 0.88
2z lew  engd "/fn. 34
-z0.80 /
G P N3
Chi-Sguare=14.839, df=11, P-walue=0.18742, BEMIEA=0.024 it
4| | r .»:‘»Ei
The results above are those for the within schools model.
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8. Latent variable scores and observational residuals

LISREL for Windows can compute latent variable scores for the latent variables of a
structural equation model with latent variables. The statistical theory and methods for these
scores are provided by Joreskog (2000). In addition, LISREL for Windows can also
compute observational residuals for structural equation models. These residuals are based
on the methods in Bollen & Arminger (1991) and are described in JOoreskog, Sorbom &
Wallentin (2006). In this section, we use LISREL for Windows to obtain latent variable
scores as well as observational residuals for depression data.

The data

The data file depress.PSF in the TUTORIAL subfolder contains 204 observations of 12
indicators of three latent variables. More specifically, the first 5 indicators (SELF1 to
SELF5) are indicators of the latent variable Self-esteem, DEPRES1 to DEPRES4 are
indicators of the latent variable Depressiveness and IMPULS1 to IMPULSS are indicators
of the latent variable Impulsiveness. The first portion of the data file is shown in the
following PSF window.

B depress PSF i O] =]
SELF1 SELF? SELF3 SELFA I SELFS I DEPRI
1 00 2.000 3.000 4.000 4.000 ;l
2 2.000 1.000 2.000 3.000 2.000 _|
3 2.000 1.000 4.000 2.000 2.000
4 1.000 1.000 2.000 2.000 4,000
h 2.000 0.000 1.000 2.000 3.000
b 4,000 3.000 3.000 2.000 4,000
i 0.000 0.000 1.000 2.000 1.000
1] 4.000 2.000 Z2.000 2.000 Z2.000
9 J.000 J.000 Z2.000 Z2.000 3.000
10 0.000 J.000 3.000 3.000 1.000
11 0.000 0.000 0.000 0.000 0.000
12 1.000 0.000 1.000 1.000 1.000
13 1.000 1.000 3.000 2.000 2.000
14 1.000 1.000 1.000 1.000 1.000
15 2.000 2.000 2.000 1.000 2.000 -
. mwm - - - - L|J

The model

The theoretical measurement model specifies that the 12 indicators are indeed indicators of
the latent variables Self-esteem, Depressiveness and Impulsiveness. A path diagram of
this model is shown below.
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-+~ AELFL

-+ RELF

-+ 3ELF

—- SELHM

- SELF

-+ DEPRESL

—+= DEPRER

—+= DEPRER3

—= DEPRER4

—= IMPUL:1

—= [MPULSZ

—= [MPULE3

4] 1 Ay

Computing latent variable scores and observational residuals
Submitting the SIMPLIS syntax file

» Select the Open option on the File menu to load the Open dialog box.

» Browse for the file depress5.spl in the TUTORIAL subfolder and select it.
» Click on the Open button to open the following text editor window.

R

F

Raw Data from file DEPRESS.PSF =
Latent Variasbles —
selfest depress impuls

Relationships

JELF1-3ELFS = zelfest

DEPRE31-DEFEEZ4 = depress
INPULS1-IMPUL33 = impuls

Estimate Residuals

PaFFile DEPREGZ.PSF

Lisrel Output: ND=3 2C

Path Diagrsamm

End of Problem

&\ 4

4| b
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Line 1 specifies the raw data source.

Lines 2 and 3 specify labels for the latent variables of the model.

Lines 4 to 7 are used to specify the measurement model for the latent variables Self-
esteem, Depressiveness and Impulsiveness.

Lines 8 and 9 instruct LISREL for Windows to append the observational residuals and the
latent variable scores as columns of the file depress.PSF and write the resulting file to
depressnew.psf.

Line 10 requests that the results in the output file should be given in terms of the LISREL
model for the structural equation model (LISREL Output). It also requests that the results
should be written to three decimal places (ND=3) and that the completely standardized
solution should be written to the output file (SC).

Line 11 requests a path diagram of the model.

Line 12 indicates that no more SIMPLIS commands are to be processed.

» Click on the Run LISREL button IE to produce the following PTH window.

’-DepressS.PTH ;Iglll
=

0.2z JELFl

0.6+ SELE \

o.e7%= SELFi

.55+ SELFS b

o.es= SELK |-~

0. 45+ DEPRES]

o.z5+ DEPRES?

0.4+ DEFPRES]

0.2z DEPRES

0. 30+ [MPILEL

0. 20+ [MPILEE

1. 04+ [MPULE]

Chi-Square=121.88, df=31, P-wvalue=0.00000, RMIEA=0.083

-

Kl | M

The latent variable scores and the observational residuals are the final columns of the file
depressnew.psf. We access this file as follows.
» Select the Open option from the File menu to load the Open dialog box.
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» Select the PRELIS Data (*.psf) option from the Files of type drop-down list box.
» Browse for the file depressnew.psf in the TUTORIAL subfolder and select it.

» Click on the Open button to open the following

B® DEPRESSnew. psf

BR_SELF1 ([R_SELF2 |R_SELF3 |R_SELFA4

PSF window.

selfest | depress
1127 0.960
0.003 -0.251
0.201 0.470
0.376 1.500
-0.143 0.535
1.023 0.583
037 -0.444
0.273 0.481
0.657 1.421
0150 0.903
-1.745 -1.635
-1.074 -1.240
-0125 -0.202
-0.564 -0.767
-0.236 -0.671

-0.551

1,468
-0.584
-0.580

0502

0.04k
-0.423
-0.5582
-0.564
-0.557
-0.452
-0.628
-0.595
-0.621
-0.595

-0.006
0100
-0.094
-1.267
0.244
1.097
-0.9495
1.835
0,456
-2.045
-0.160
0160
-0.770
-0.047
0.335

-0.5745
-0.719
-0.922
-1.104
-1.568
0.230
-0.771
0.003
0.607
1.130
0.083
-0.608
-0.582
0175
0524

0.067
0173
1.979
-0.1494
-0.683
0170
0.078
-0.0492
-0.470
1.024
-0.107
0.234
1.304
0.026
0.404

0.52%

0776
-0.443
-0.638
-0.062
-1.355

0.796
-0.523
-0.950

0.613
-0.265
-0.024
-0.077
-0.262
-0.954

The final twelve columns contain the observational residuals for the measurement model
while the three preceding columns contain the latent variable scores for the latent variables
Self-esteem, Depressiveness and Impulsiveness.

Exporting the latent variable scores and observational residuals

The latent variable scores and observational residuals can also be exported as an SPSS
data (*.sav), a Microsoft Excel (*.xls), a comma-separated (*.csv) or a tab-delimited (*.txt)
file. This is extremely useful if external analyses of the latent variable scores and
observational residuals are required. The following procedure may be used to export the
file depressnew.psf as the SPSS data file DepresLVSOR.sav.

VVVVVVYVYY

Save As dialog box.

LISREL for Windows: Getting Started Guide

Select the Open option from the File menu to load the Open dialog box.

Select the PRELIS Data (*.psf) option from the Files of type drop-down list box.
Browse for the file depressnew.psf in the TUTORIAL subfolder and select it.
Click on the Open button to open the PSF window for depressnew.PSF.

Use the Export Data option on the File menu to load the Save As dialog box.
Select the SPSS Data File (*.sav) option from Save as type dropdown list box.
Enter the name DepresLVSOR in the file name string field to produce the following
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Save As

Save jnc | 3 TUTORIAL

2X

~| - ®B ek B

pasurvey.sav DP.TF'.II:II:I.SF'.'-.-'
Depress.sav

jspe.sav

[EHOLZ 58Y

EHEXT. 5AY

BRI DATAER7. SAY

Filz narne: |D epressLYSOR

Save az type: |SPSS Data File".zav]

Save

j Cancel |

» Click on the Save button to create DepresLVSOR.sav.
> A portion of the resulting SPSS data file DepresLVSOR.sav is shown in the following

SPSS Data Editor window.

DepresL¥5_zav - SP55 Data Editor '# i | |
File Edit “iew Data Transform Analvze Graphs  Utiliies Window  Help
=|&|8| =] 0| L] =|k| & Flrs &5 %o
|1 : zelfl |3
impuls2 impuls3 selfest depress impuls vE:I
1 .00 .00 1.13 96 -85
2 o 3.00 o -.24 1.47
3 o o 20 A7 -.58
4 o o Ja 1.50 -.55
5 1.00 2.00 - 14 A4 A0
2] aa 3.00 1.02 e 05
7 o 1.00 -9z - 44 - 42
g o o 27 A8 -.58
8 .00 .00 66 1.42 - &7
10 o o L 40 -.54 .
Mﬁata View ‘&n‘;‘ariable Viedwn? ||l_|' : :Iﬁ b LI_I
|SPSS Processor is ready i

LISREL for Windows: Getting Started Guide
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9. Using latent variable scores

Latent variable scores for the latent variables Self-esteem, Depressiveness and
Impulsiveness were computed from the file depress.psf and written to the file
depressnew.psf in section 8. The following step-by-step procedure may be used to fit a
regression model with an interaction term to these latent variable scores.

Computing the values of the interaction variable

» Select the Open option from the File menu to load the Open dialog box.
» Select the PRELIS Data (*.psf) option from the Files of type drop-down list box.
> Browse for the file depressnew.PSF in the TUTORIAL subfolder and select it.
» Click on the Open button to open the PSF window for depressnew.PSF.
» Use the Compute option from the Transformation menu to load the Compute dialog
box.
» Click on the Add button to load the Add Variables dialog box.
> Enter the name depimp for the interaction between the latent variables scores of the
latent variables Depressiveness and Impulsiveness in the string box.
» Click on the OK button to return to the Compute dialog box.
» Click and drag the variable name depimp to the top left of the string box.
» Click on the = key on the keypad to add an “=" sign to the string box.
» Click and drag the variable name depress to the top right of the string box.
» Click on the * key on the keypad to insert the symbol “*” for multiplication in the string
box.
» Click and drag the variable name impuls to the top right of the string box to produce the
following Compute dialog box.
x|
depimp= depress * impuld d
< _>ILI
IMELLEZ . Additional variables
IMPULS3 Backspace Nest line |
selfest Add
depress
: : * e n(0.1) Emove
i e
EEEEE:?; 4 5 E pow | chisg Output Optiors |
e |
H:IMF'__S1 1 2 3 tirne L&
s
depimp z L s =

- Left elick on a wariable and drag it to the Compute window
- Uze the Backspace key to delete

- e Output Optionz to change random number geed

- Lagged timeseries: LG newvar = aldvar lag = n Cancel

oK

[Ec]
o |

» Click on the OK button to run PRELIS to produce the following PSF window.
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_inix
R DEP_S1JR_DEP_s2|r DEP s3]R_DEP _s4[R_IMP_s1[R_IMP_S2[R_IMP 53] depimp | |
1 0.758 0126 -2 882 0.905 -0.015 0.020 -0661 0528 a]
2 1.251 -0.814 1,643 -0.763 0.766 -0.772 1151 0,364 Ll
3 -0638 -1.445 1539 1.444 0.005 0.033 -0662 0.275
A 0.092 0.653 0.443 0.312 0.002 0.031 -0.665 0,869
5 0722 0505 1.466 1.369 0651 0.607 0.710 0.270
3 0778 1544 0419 1320 0376 0214 1973 0.027
7 0.438 -0646 0511 0551 -0.082 -0.030 0.245 0188
8 -0652 -1.455 1527 1432 0.003 0.032 -0664 0,280
g 0189 -0.278 0527 0.398 -0.004 0.027 0671 0,809
10 0172 0,824 1.078 0.968 0.006 0.034 0661 0530
0043 0,396 0221 0247 0075 0019 0261 0738 Jj
Fl e

The final column of the PSF window above contains the interaction scores.

Performing the regression analysis

» Select the Regressions option from the Statistics menu to load the Regression dialog
box.

» Highlight the variable name selfest and click on the Y-variables Add button.

> Highlight the variable names depress, impuls, and depimp and click on the X-
variables Add button to generate the following Regression dialog box.

x
' wariables:
zelfest
Add x»

R_SELFZ
R_SELF3 |
H_SELF'q- <4 HEITIEI"\."E
F_SELF&
EZEEE:?E Syntar | * variables:
R_DEFP_S3 — deprezs
R_DEFP_S54 A limpuls
FA_IMP_51 deqimp
R_IMP_52
H ”"n"IP 53 | <4 HEITIEI"\."E
Output Options | Cancel | Run
To zelect maore than one vanable at a ime hald dovwn the
CTRL ke while clicking on the wariables to be zelected

» Click on the Run button to run PRELIS to produce the text editor window for
depressnew.OUT. A portion of this output file is shown in the following text editor
window.
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B®¥ DEPRESS new.OUT

4

Estimated Equations

selfest = - 0.00381 + 0.840*depress + 0. 06876% impuls + 0. 0226"depimp
Standerr (0.0371)y (0.0373) (0.0374) (0.0327)
Z-walues -0.105 22,482 1.8089 0.8683
P-values 0.218 0. 000 a. o071 o. 4588

+ Error, RE = 0.730

Error Yariance = 0. 270

| *

5.4
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10. Cross validation

The cross validation of a structural equation model refers to the ability of the model to be
invariant across two or more random samples from the same population. In this section, we
demonstrate how LISREL for Windows can be used to assess the cross validation of a
measurement model.

The data

Boshoff & Terblanche (2003) consider the cross validation of a measurement model for
retail experience. A variation of this measurement model will be used to illustrate how the
multiple group feature of LISREL for Windows may be used to assess the cross validation
of a structural equation model. This measurement model specifies COHAN1 to COHAN3 to
be indicators of Complaint HANdling (COHAN), STENV1 to STENV5 to be indicators of
STore ENVironment (STENV) and MEVAR1 to MEVARA4 to be indicators of MErchandise
VARiety (MEVAR). Data on these 11 indicators for two samples of South African
consumers are provided in the files SAMPLEL1.PSF and SAMPLE2.PSF in the TUTORIAL
subfolder. The first portions of these data files are shown in the following two PSF windows.

B Sample1. psf

| |coHaNt | STENVI |MEVAR1 | STENV2 | MEVAR?2 | COHAN?
1 2 000 2000 2.000 -
3.000 3.000 4,000 4,000 5,000 3000 |

4,000 6.000 4,000 4,000 5.000 5.000

6.000 7.000 7.000 6.000 6.000 6.000

4,000 7.000 7.000 4,000 4,000 7.000

4,000 3.000 £.000 3.000 £.000 4,000

5.000 £.000 4,000 5.000 4,000 5.000

4,000 7.000 7.000 7.000 7.000 7.000

7.000 3.000 4,000 6.000 7.000 7.000

5.000 4,000 5.000 5.000 4,000 5.000

3.000 4,000 5.000 4,000 5.000 3.000

3.000 5.000 4,000 6.000 5.000 6.000

7.000 7.000 7.000 £.000 7.000 7.000

3.000 4,000 2.000 4,000 4,000 5.000
6.000 6.000 5.000 7.000 3.000 6000 ~
< | i
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B sample2. psf E] [E|E|

. |conan MEVAR1 | STENV2 | MEVAR? | COHAN?
1 I 4,000 4,000 3.000 4.000 4000 |
5000 3.000 B.000 6.000 5.000 2000

B.000 B.000 5000 5.000 5.000 6.000

5000 7.000 7.000 5.000 7.000 7.000

5.000 7.000 5.000 7.000 7.000 7.000

3.000 4.000 £.000 3.000 6.000 2.000

1.000 4,000 4,000 4.000 4.000 1.000

6.000 4,000 5.000 4,000 5.000 6.000

4,000 3.000 6.000 4,000 6.000 4,000

3.000 5.000 6.000 4.000 6.000 6.000

7.000 6.000 6.000 7.000 5.000 6.000

7.000 7.000 7.000 7.000 7.000 7.000

7.000 7.000 7.000 7.000 4,000 7.000

5.000 7.000 5.000 5.000 7.000 6.000
3.000 3.000 7.000 2.000 7.000 3000 -
| [

The model

The measurement model specifies COHAN1 to COHAN3 to be indicators of Complaint
HANdIling (COHAN), STENV1 to STENVS5 to be indicators of STore ENVironment (STENV),
and MEVARL1 to MEVARA4 to be indicators of MErchandise VARiety (MEVAR). This model
is depicted in the following path diagram.
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¥ RetailHO.PTH

—*=  COHAHN

—&=  ZTENWV

—=1 MEVAFR!

—#=  ZIENVZ

—#= MEWVAR:Z

—*= COHANZ

—#=  ZIENV3

—#=1 MEVAERZ

—&=  COHANS

—=1 AFIENV4

—#= MEVARL

—=  SIENV3

[%

[
|

The analysis
The following step-by-step procedure may be used to assess the cross-validation of the
measurement model for retail experience across the two samples.

» Use the Open option on the File menu to load the Open dialog box.

> Browse for the SIMPLIS syntax file RetailHO.spl in the TUTORIAL subfolder and select
it.

» Click on the Open button to open the following text editor window.
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¥ RetailH0_spl =101 %]

Group 1: Original Sample

Faw Data from File SAMPLE]l.PS3F
Latent Variables: COHLAN ITENYV MEVLE
Felationships

COHAN]1 = 1%COHAN

COHANZ COHAMI = COHALN

STENV1 = 1+23TENV

STENVZ STENVI STENWV4 SITENWE = STENV
MEVAR]1l = 1+MEVAR

MEVAR: HMEWVARI MEVAR4 = MEVLER

Group 2: Cross Validation Sample
Faw Data from File SAMPLEZ.P3F

Path Diagram

End of Froblem

o -

J | A

The SIMPLIS syntax file above specifies the measurement models under the null
hypothesis. This null hypothesis states that the measurement model parameters (factor
loadings, factor variances, factor covariances and measurement error variances) are
identical (invariant) across the two samples.

The first line identifies the first sample as the first group.

The second line provides the raw data source for the first sample.
Line 3 provides labels for the 3 latent variables.

Lines 4-10 specify the measurement model for the first sample.

Line 11 identifies the second sample as the second group.

Line 12 provides the raw data source for the second sample.

Line 13 requests a path diagram in the form of a PTH file.

Line 14 indicates the end of the SIMPLIS commands to be processed.

Since no Relationships paragraph is used for the second sample, all parameters are
assumed to be equal across the two samples.

» Click on the Run LISREL button IE to produce the following PTH window.
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F¥ RetailHO PTH ] [w[

1.04 MEVARL
B =
MEVARE 1.04
1.0
COHANE
1-1
0.5 e
1.01 MEVARS i
0_7s COHAN 3 /.;.l
1.09—8=|  STENV4
0.9 MEVARS
T STENWS

Chi-Sguare=754.37, df=129, P-wslue=0.00000, FMIEA=0.054 -
1] | v 4

"
&3

The alternative hypothesis states that at least two parameters of the measurement model
are not identical across the two samples. The measurement models for the two samples
under this alternative hypothesis are specified in the SIMPLIS syntax file RetailH1.spl.

» Use the Open option on the File menu to load the Open dialog box.

> Browse for the SIMPLIS syntax file RetailH1.spl in the TUTORIAL subfolder and select
it.

» Click on the Open button to open the following text editor window.
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B RetailH1 spl N [=]

Group 1: Original Sammple

Faw Data from File 3AMPLE1.FP3F

Latent Varishles: COHAN 3TENWV MEVAER

Felationships

COHAW1 = 1%COHLNW

COHAW: COHANS = COHAN

ATENV1 = 1*3TENV

ATENV: 3ITENVI STENV4 SITENWS = ITENV

MEVAR]1 = 1*MEVLE

MEVAR: MEVARI MEVAR4 = MEVLE

Group 2: Cross Validation Sample

Faw Data from File 3AMPLEZ.FP3F

Felationships

COHAW1 = 1%COHLNW

COHAW: COHANS = COHAN

ATENV1 = 1*3TENV

ATENV: 3ITENVI STENV4 SITENWS = ITENV

MEVAR]1 = 1*MEVLE

MEVAR: MEVARI MEVAR4 = MEVLE

Jet the WVariance of COHAN Free

Jet the WVariance of 3TENWV Free

Jet the WVariance of MEVAER Free

Jet the Covariance of COHAN-MEVAER Free

Jet the Error Wariance of COHAN1-COHRNI Free

Jet the Error Wariance of 3TENV1-3TENVS Free

Jet the Error Wariance of MEVAR1-MEVAERE4 Free
th Diagram

1

| 1»

The first line identifies the first sample as the first group.

The second line provides the raw data source for the first sample.

Line 3 provides labels for the 3 latent variables.

Lines 4-10 specify the measurement model for the first sample.

Line 11 identifies the second sample as the second group.

Line 12 provides the raw data source for the second sample.

Lines 13-26 specify the measurement model for the second sample.

Line 27 requests a path diagram in the form of a PTH file.

Line 28 indicates the end of the SIMPLIS syntax commands to be processed.

Note that the Set commands for the second sample are required to ensure that the factor
variances, factor covariances and measurement error variances are different across the

two samples. Otherwise, these parameters are assumed to be equal across the two
samples.

» Click on the Run LISREL button IE to produce the following PTH window.
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B RetailH1 PTH

oo |
ne
0.7s8 MEVARE 1
—-><l
-] cmmnz
A —1l.2
1.058=  ATENWA -0

Chi-Sgquare=682.49, df=10Z, P—walue=0.00000, BEMIEA=0.059

-

1| | M s

A Chi-square difference test is used to assess the cross validation of the measurement
model. In other words, a Chi-square difference test is used to test the null and alternative
hypotheses. The test statistic value for the Chi-square difference test is merely the
difference between the goodness-of-fit Chi-square test statistic values of the measurement
models under the null and the alternative hypotheses. The associated degrees of freedom
are merely the difference between the degrees of freedom of the measurement models
under the null and the alternative hypotheses. The Chi-square difference test results for the
measurement model for retail experience are summarized in the MS-Excel workbook
Retail.xIs. The contents of this file are shown below.

: =10l x|
A B B D E F | G |§
1 MINIMUM FIT FUNCTION CHI-SQUARE ~ NORMAL-THEORY WLS CHI-SQUARE
2 |HYPOTHESIS CHISQ DF P-VALUE CHISQ DF P-VALUE
3 |[EQUAL 741.92 128 B.47538E-97 75437 129 4 81E-89
4 |UNEQUAL B65.5 102 1.33781E-83 52,49 102 1.09137E-86
& |DIFFERENCE 76.12 27 1.44194E-06 71.688 27 B.O2468E-06 »
4[4[ [m]Sheet1 { sheetz f Sheets / | 4] J“

The small P-values suggest that there is sufficient evidence that the null hypothesis is
rejected. In other words, the cross validation of the measurement model for retail
experience is not supported by the data of the two samples.
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11. Logistic regression analysis

LISREL for Windows can also be used to perform a logistic regression analysis. In this
section, we illustrate this feature by fitting a logistic regression model to political data.

The data

Barnes & Kaase (1979) conducted a cross-national survey to obtain information on
conventional and unconventional forms of political participation in industrial societies. This
survey is known as the Political Action Survey. This survey included several attitude and
perception statements to which the respondents had to respond to as one of agree
strongly, agree, disagree, disagree strongly, don’t know or no answer. The perception of an
individual’'s influence on government was assessed by using the statement “People like me
have no say in what the government does.” The responses (NOSAY) of a sample of 1076
United States respondents, along with their gender (NOSAY), education level (EDUCAT)
and age (AGE), are listed in the file USA.PSF in the TUTORIAL subfolder. The first portion
of this data file is shown in the following PSF window.

YOTING |COMPLEX | NOCARE INTEREST
2 000 1.000 =
2.000 3.000 3.000 3.000 2.000 jooo
3.000 2.000 2.000 3.000 3.000 3.000
2.000 2.000 2.000 2.000 1.000 2.000
2.000 1.000 2.000 2.000 1.000 1.000
3.000 3.000 2.000 2.000 3.000 3.000
2.000 2.000 3.000 1.000 1.000 1.000
3.000 2.000 3.000 3.000 2.00a 3.000
3.000 2.000 1.000 1.000 2.000 2.000
1.000 1.000 1.000 1.000 1.000 1.000
3.000 3.000 3.000 3.000 3.000 3.000
1.000 4.000 4.000 2.000 1.000 1.000
3.000 3.000 2.000 2.000 2.000 2.000
3.000 3.000 4.000 2.000 1.000 1.000
3.000 3.000 3.000 3.000 3.000 30000
o | [

The analysis
The following step-by-step procedure may be used to perform a logistic regression analysis
on NOSAY with gender, education level, and age as covariates with LISREL for Windows.

Select the Open option on the File menu to access the Open dialog box.

Select the PRELIS Data (*.psf) option from the Files of type drop-down list box.
Browse for the file USA.psf in the TUTORIAL subfolder and select it.

Click on the Open button to open the PSF window for USA.psf.

Select the Logistic Regressions... option on the Statistics menu of the PSF window
to access the Logistic Regression dialog box.

» Click on the label NOSAY in the Variables: list box to highlight it.
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» Click on the Add >> button of the Ordinal Variables: list box.
> Select the labels GENDER, EDUCAT and AGE in the Variables: list box.
» Click on the Add >> button of the Covariates: list box to produce the following dialog

box.

Logistic Regression

Yariables:

NOS&Y
VOTING
COMPLE:
NOCARE
TOUCH
INTEREST
GEMDER
LEFTRIGH
EDUCAT
AGE

Suntax

X
Ordinal W ariables:
HOSAY

Add |
<4 Bemove |

Covaniates:

GEMDER
EDUCAT
AGE

<< Hemove

[T altemative Parametenization

Run Cancel

To zelect mare

CTRL key while clicking on the wanables to be zelected

than one vanable at a time,hold daowin the

» Click on the Run button to open

the following text editor window.

B usa.our -0l =]
-
Tnivariate Logit Regression for MNOSAY
Atandard Parameterization
Thresholds: -0.639 1.0658 4.050
NO3LY = - 0.00976*GENDERE + 0.&630%EDUCAT + 0.00995%AGE + Error, R* = 0.154
3tanderr (0.119) [0.0917) [0.00354)
Z-values -0.0823 6.569 2.820
P-values 0.934 0.0o0o 0.005
r 3
1 | iy
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12. Censored regression analysis

LISREL for Windows can be used to perform a censored regression analysis. In this
section, we illustrate this feature by fitting a censored regression model to water data.

The data

In a study about the determinants of Tributyltin (TBT) and Dibutyltin (DBT) levels of the
lakes in California, Gonzalez et al. (1987) measured the pH level (pH) and water
temperature in degrees Celcius (WTEMP), along with the TBT (TBT) and DBT (DBT)
concentrations, for 22 replicate water samples from 10 marinas on 6 lakes in California
during August 1987. The resulting data are shown in the following PSF window.

B Marinas PSF I ] S
pH WTEMP TBT | DBET |

1 7100 22.000 0.000 0.000

2 7.100 22.000 0.000 0.000 _|
3 5.500 21.000 0.000 0.000
1 8.500 21.000 17.000 0,000
5 5.400 25.000 0.000 0.000
b 5.400 25.000 0.000 0.000
7 7.100 25.000 17.000 0.000
8 7.100 25.000 0.000 0.000
g 7.900 22.000 34.000 0.000
10 7.900 22.000 20.000 0.000
11 5.500 22.000 17.000 0.000
12 8.500 22.000 17.000 0,000
13 5.900 19.000 1220.000 £90.000
14 5.900 19.000 950.000 390.000
15 5.500 19.000 FE0.000 150.000
16 5.500 19.000 1000.000 370.000
17 B.700 15.000 £3.000 0.000
18 £.700 15.000 93.000 0.000
19 7.000 15.000 45.000 0.000
20 7.000 15.000 78.000 0,000
21 7.100 20.000 17.000 0.000

22 7.100 20.000 0.000 Dmilﬂ
Al 4

Note that the TBT and the DBT concentration values are censored. In both cases, the
censoring is below by zero.

The analysis

The following step-by-step procedure may be used to perform censored regression
analyses on TBT and DBT with pH level and water temperature as covariates with LISREL
for Windows.

» Select the Open option on the File menu to access the Open dialog box.
» Select the PRELIS Data (*.psf) from the Files of type drop-down list box.
> Browse for the file Marinas.psf in the TUTORIAL subfolder and select it.
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Click on the Open button to open the PSF window for Marinas.psf.

Select the Censored Regressions... option on the Statistics menu of the PSF window
to access the Censored Regression dialog box.

Select the labels TBT and DBT in the Variables: list box.

Click on the Add >> button of the Censored variables: list box.

Select the labels pH and WTEMP in the Variables: list box.

Click on the Add >> button of the Covariates: list box to produce the following dialog
box.

\ 74

YV VY

Censored Regreszion x|

Wariables: LCensored Yarables; F
TBT

fidd »> | DET
<<Eemwe|

Covariates:
pH
WTEMP
4 Hemowe |
Syntax | Fiun | Cancel

To zelect mare than one vanable at a time hold down the
CTRL key while clicking on the warables o be selected

» Click on the Syntax button to open the following text editor window.

¥ Marinas PR2 1 (=]

I!PRELIS SYNTAX: Can bhe edited
S¥='C:% lisrelS853Marinas.P3F!
coo3 4 1 2

CER 3 4 O 1 2

SIS

» Click on the Run PRELIS button |£| to produce the following text editor window.
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o x

Eztimated Censored BEegression based on 22 complete cases.

TET = - 1510.455 + 445.115*pH - 593.113*WTEMP + Error, R* = 0.562
Atanderr [803.207) (110.287) [27.483)
Z-values -1.5881 4,063 -3.387
P-values 0.060 0.0ooa0 0.o0o01

Variabhle DET is censored below

It has 18 (81.82%) walues = 0.000

Eztimated Mean and Standard Dewviation hased on 22 cowplete cases.
Mean = -583.604 (0.312) _J
Standard Deviation = 6&76.766 (0.001)

Estimated Censored Regression based on 22 complete cases.

DET = - 3157.419 + B63.759*%pH - 205.500*WTEMF + Error, R* = 0.962
Standerr [1337.772) (219.730] (78.600)
Z-values -2.360 3.931 -2.653
FP-walues o.015 0.ooo o.0os5
-
4| | v A
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13. Latent growth curves

LISREL for Windows (Joreskog & Sdrbom 2006) may be used to fit linear and nonlinear
latent growth curves to repeated measurements over time. Traditional estimation methods
such as Maximum Likelihood (ML), Robust Maximum Likelihood (RML), Weighted Least
Squares (WLS), Diagonally Weighted Least Squares (DWLS), Generalized Least Squares
(GLS) and Unweighted Least Squares (ULS) are available for complete repeated
measurements over time while Full Information Maximum Likelihood (FIML) estimation is
available for repeated measurements over time with missing values.

In this section, LISREL for Windows is used to fit a linear Latent Growth Curve (LGC)
model with an explanatory latent variable to a data set consisting of repeated
measurements over four separate months.

The data

The data set to be considered emanates from a longitudinal study on the growth of the
participation of cancer patients in cancer treatment programs. A sample of 374 cancer
patients was monitored over a period of four months. At the end of each month, a
participation score was computed for each patient. These four scores are labeled as
T1PARTIC, T2PARTIC, T3PARTIC and T4PARTIC respectively. In addition, a cancer
acceptance score was computed for each patient. The four corresponding scores are
labeled as T1IACCEPT, T2ACCEPT, T3ACCEPT and T4ACCEPT respectively. A small
portion of the data set is shown in the following PSF window for LGC.PSF which is located
in the TUTORIAL subfolder.

=10 x|
T1ACCEPT | T2ACCEPT | T3ACCEPT | TAACCEPT | TIMUTBF | TITCHCHD| T1PAR]

1 -0.072 09149 -0.046 ? F92 3696 3.4

2 0.695 0.210 0504 0723 2 754 2 592 3/E
3 -0.245 0322 21110 0632 1430 3.337 3
A 0.001 0.739 0557 -0.231 1833 2 706 2
5 0.628 0.841 -0.442 0918 3723 3361 7
B -0.315 0.323 0630 0.049 0634 2 520 2
7 -1.368 -1.009 -1.001 -1.373 0.080 3641 1
8 0618 -1.074 0.324 1191 1307 3115 7
g 0.966 0152 -0.091 0.410 2 B61 4093 3
10 0.598 0.082 1.358 0.763 1233 4052 7
11 0177 0.196 0.964 0.324 1.301 1758 7
12 2 087 1.372 1163 1728 3.8939 4367 2
13 0.766 1.497 1214 1514 3.008 3810 4
14 1456 1.420 0.381 -0.085 -0.631 4358 4
15 -0.329 0132 -0.445 0.091 3525 ? 767 3

The model

We consider the four annual participation scores and four annual cancer acceptance
scores obtained for the sample of 374 cancer patients. A linear latent growth curve is
modeled for the four annual participation scores. In addition, cancer acceptance level is
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modeled as an explanatory effect for the intercept and slope of the latent growth curve. A
path diagram for the corresponding LGC model for Participation and Acceptance Level is
shown in the following path diagram.

=10 x|

]

—= TIACCEFT | TIPARTIC |=e—

—= T2ACCEPFT @ | TZPARTIC |- )
TAPARTIC |-+

—=| T3ACCEFT
TAPARTIC |~

—= T4ACCEPT I—

4] | vl 4

Fitting the model to the data

» Use the New option on the File menu of the main window to load the New dialog box.

» Select the Syntax Only option from the list box on the New dialog box to open the
SYNTAX1 text editor window.

» Enter the following commands into the SYNTAX1 text editor window.

=10

» [1x

Raw Data from File LGC.P3F
Latent Wariables: Intercpt Slope Accept
Relationships:

TIPARTIC = 1*Intercpt 1*31ope
TZPARTIC = 1*Intercpt 2*31ope
TIPARTIC = CONST 1*Intercpt 3*51ope
TAPARTIC = CONST 1*Intercpt 4*Slope

Let the Errors of TZ2PARTIC and T3PARTIC Correlate
T1ACCEPT TZACCEPT T3ACCEFT T4ACCEFT = Accept
Slope = CONST Accept

Intercpt = CONST Accept

Let the Errors of Intercpt and Slope Correlate
LISREL Output: MD=3 3C MI

Path Diagran

End of Problem= -

4 | iy

Line 1 specifies the raw data source.
Line 2 specifies labels for the latent variables of the model.
Lines 3-8 specify the linear latent growth curve model for the 4 participation scores.
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Line 9 specifies the 4 acceptance scores as indicators of the latent variable cancer
acceptance level.

Lines 10-12 specify the model for the intercept and slope of the latent growth curve.

Line 13 requests the results in the terms of the LISREL model for the model in Figure 1.
Line 14 requests a path diagram (PTH) file.

Line 15 indicates the end of the SIMPLIS commands to be processed.

» Use the Save As option on the File menu to save the SIMPLIS syntax file as LGC.spl.
» Click on the Run LISREL icon to produce the following PTH window.

=10l x|

A

. 15+ TIACCEFT TIPARTIC |==C
‘tx“\x 1.00
.00

. 13-+ TZACCEPT : TZPARTIC [~

W

1
0.20
--\_\_D.B'? .U
@ 1.00 I—
0.76 -0.05 £ Uy
P 1.00
374 TIACCEPT o o 30w TRARTIC [=*
/ 4.00

.4z+= T4ACCEFT TAPARTIC [=+cC

F

Chi-Sguare=47.63, df=2ZZ, P—walue=0.0012Z1, BEMIEA=0.05&

4] | 2

Adjusting the Model

» Select the Open option on the File menu of the main window to load the Open dialog
box.

Select the Prelis Data (*.psf) option from the Files of type: dropdown list box.

Browse to locate the file LGC.PSF.

Click on the file LGC.PSF to enter it into the File name: string field.

Click on the Open button to open the PSF window for LGC.PSF.

Select the Output Options option on the Statistics menu of the PSF window to load
the Output dialog box.

Click on the OK button to run PRELIS to produce the means shown in the following text
editor window.

VVVVY

A\
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=10/ x|
| Means =
TTACCEPT  TZ2ACCEPT  T3ACCEPT  T4ACCEPT TIMUTEF  TA1TCHCHD
0120 0130 0100 0.070 1.950  3.340
Means
TIPARTIC  T2ZPARTIC  T3PARTIC  T4PARTIC
. 2880 2970  4.940  4.940 -
1 r

The results above indicate that the mean participation scores for months 3 and 4 are
identical up to 3 decimal places. Consequently, it appears that no significant growth
occurred from month 3 to month 4. This implies that it may be sensible to incorporate this
result in the linear latent growth curve model for the 4 participation scores. This result may
be incorporated as follows.

» Select the Open option on the File menu of the main window to load the Open dialog
box.

» Browse for the file LGC.SPL in the TUTORIAL subfolder and select it.
» Click on the Open button to open the text editor window for LGC.SPL.
» Change the coefficient of the latent variable Slope from “4” to “3” for the fourth
participation score.
» Select the Save As option on the File menu of the text editor window to load the Save
As dialog box.
» Enter the name LGC1.SPL in the File name: string field.
» Click on the Save button to produce the following text editor window.
=101 %
Fiam Data from File LGC.PSF o
Latent Variables: Intercpt S1ope Accept
Felationships:
TIPARTIC = 1*Intercpt 1*31ope
T2PARTIC = 1*Intercpt 2*5Tope
TAPARTIC = CONST 1*Intercpt 3*Slope
TAPARTIC = CONST 1*Intercpt 3*Slope
Let the Errors of T2PARTIC and T3PARTIC Correlate
TTACCEPT TZ2ACCEPT T3ACCEFT T4ACCEPT = Accept
Slope = CONST Accept
Intercpt = CONST Accept
Let the Errors of Intercpt and Slope Correlate
LISREL Output: ND=3 SC MI
Path Diagran
End of Problems= -
T 3

» Click on the Run LISREL icon to produce the following PTH window.
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B LGC1PTH E - O] x|

-15#= TIACCEPT TIPARTIC |==c
\\ .o
_ao

-1z== T2ACCEPT - T2PARTIC [~

1
0.7a
--lI-._\_I:I_S,:I| 1. uu
(rosepn ) ey
0.76 -0.05 £, o
P 1.00
37| TIACCEPT o o 3 0w TIFARTIC [=*

-4z TAACCEPT / TAPARTIC |-+

4] | vl 4

bz ke

[

]

0l

oo

:

F

Chi-Sgquare=45.94, df=22, P-walue==0.00201, BEMIEA=0.054

-

>
>

Close the PTH window for LGC1.PTH.
Browse down the text editor window for LGC1.0OUT to locate the Modification Indices
for THETA-DELTA-EPS as shown in the following text editor window.

B Gciour

=10l x|
Modification Indices for THETA-DELTA-EPS -

T1PARTIC  T2ZPARTIC  T4PARTIC — T4PARTIC

T1ACCEPT B.5911 2.017 0. 885 2.837
T2ACCEPT 1.021 1.707 2.550 0. 485
T3IACCERPT 0. 880 1.861 f.038 1. 455
TAACCEPT 4.084 o. o092 1.149 11.767

-

CH i

We note that the largest modification indices are those for the measurement error
covariances between the participation and acceptance indicators at months 1, 2 and 4.
These correlated measurement errors may be incorporated in the model in Figure 1 as
follows.

>

YV V

>

Select the Open option on the File menu of the main window to load the Open dialog
box.

Browse for the file LGC1.SPL in the TUTORIAL subfolder and select it.

Click on the Open button to open the text editor window for LGC1.SPL.

Insert the following lines

Let the Errors of TLPARTIC and TIACCEPT Correlate

Let the Errors of T3PARTIC and T3ACCEPT Correlate

Let the Errors of TAPARTIC and T4ACCEPT Correlate

just before the LISREL Output command.

Select the Save As option on the File menu of the text editor window to load the Save
As dialog box.

LISREL for Windows: Getting Started Guide 59



> Enter the name LGC2.SPL in the File name: string field.

» Click on the Save button to produce the following text editor window.

>

TT1PARTIC
T2PARTIC
T3PARTIC
TAPARTIC

Intercpt = COM
Let the Errors
Let the Errors
Let the Errors
Let the Errors
LISREL Output:
Fath Diagram

End of Problem

4 |

=T Accept

=10l x|

Faw Data from File LGC.PSF
Latent Variables: Intercpt Slope Accept
Relationships:

1*Intercpt 1*5lope

1*Intercpt 2*5lope

COMST 1*Intercpt 3*Slope

COMST 1*Intercpt 3*Slope

Let the Errors of T2PARTIC and T3PARTIC Correlate
T1ACCEPT TZACCEFT T3ACCEFT TAACCEFT = Accept
slope = COMNST Accept

of Intercpt and Slope Correlate

of T1PARTIC and TT1ACCEPT Correlate
of TIPARTIC and T3IACCEPT Correlate
of TAPARTIC and T4ACCEPT Correlate

MD=3 5C MI

3

Sl

Click on the Run LISREL icon to produce the following PTH window.

B LGC2 PTH

- B0

T1aCCEPT \\

0.8&

o 1o

T2aCCEPT 0. a7

i

o_7e

-
T34CCEPT .

B Yot

u}
T44CCEPT '/

4

Chi-Square=22.35, df=19,

[ S

=10l xi

.oo
.o
- uu

.oo
€. uu

.o
S U

[

=]

ﬂ‘
[

]

-0.0&

0

.oo

P-wvalue=0.266099, BEMIEA=0.0:ZZ

TIPARTIC

T2PARTIC

T

T3PARTIC

:

TAPARTIC

F

-ﬂ-E

-

--I:

--E

Yz e
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14. Generalized linear models

LISREL for Windows (Joreskog & Soérbom 2006) includes the 32-bit application
SURVEYGLIM, which implements the methods in Agresti (2002) and Binder (1983), to fit
Generalized Linear Models (GLIMs) to complex and random survey data. In this section,
the GLIM module of LISREL for Windows is used to fit a Bernoulli-Probit model to a data
set emanating from a complex survey.

The Data

The data set forms part of the data library of the Alcohol and Drug Services Study (ADSS).
The ADSS was a national study of substance abuse treatment facilities and clients.
Background data and data on the substance abuse of a sample of 1752 clients were
obtained. The sample was stratified by census region (CENREG) and within each stratum a
sample was obtained for each of three facility treatment types (FACTYPE) within each of
the four census regions. More information on the ADSS and the data are available at
http://webapp.icpsr.umich.edu/cocoon/SAMHDA-DISPLAY/03088.xml

The specific data set is contained in the file substance_abuse.PSF which is located in the
TUTORIAL subfolder. The first portion of this file is shown in the following PSF window.

' substance_abuse.PSE

_ CENREG |[FACTYFE| AZTWAD depr alceu cnidiag numte gender | race_d

1 4.00 4.00 47.00 0.00 1.00 0.00 0.0 1.00 1.00] |

2 4.00 4.00 47.00 1.00 1.00 0.00 0.00 1.00 1.00] |

3 4.00 4.00 47.00 1.00 1.00 0.00 0.00 0.00 1.00

1 4.00 4.00 47.00 0.00 1.00 0.00 0.00 1.00 1.00

5 4.00 4.00 47.00 0.00 1.00 0.00 1.00 1.00 1.00

b 4.00 4.00 47.00 0.00 1.00 0.00 0.00 1.00 1.00

7 4.00 4.00 47.00 0.00 1.00 0.00 0.00 1.00 1.00

8 4.00 4.00 6010 1.00 1.00 2.00 1.00 1.00 0.00

9 4.00 4.00 BO0.10 1.00 1.00 1.00 1.00 0.00 1.00

10 4.00 4.00 B0.10 1.00 1.00 3.00 1.00 1.00 0.00

11 4.00 4.00 BO10 1.00 1.00 3.00 7.00 1.00 1.00

12 4.00 4.00 GO0 1.00 1.00 3.00 1.00 1.00 1.00

13 4.00 4.00 601D 1.00 1.00 2.00 1.00 1.00 1.00

14 4.00 400 BO1D 1.00 1.00 3.00 0.00 0.00 1.00

15 4.00 4.00 6010 1.00 1.00 3.00 3.00 0.00 1.00

16 4.00 4.00 12.60 1.00 1.00 3.00 1.00 1.00 1.00

17 4.00 2.00 11410 1.00 1.00 2.00 10.00 1.00 1.00

18 4.00 2.00 11410 0.00 1.00 2.00 0.00 1.00 1.00

19 4.00 2.00 11410 1.00 1.00 1.00 1.00 1.00 1.00

20 4.00 2.00 11410 0.00 1.00 2.00 1.00 1.00 1.00

21 4.00 2.00 11410 0.00 1.00 2.00 1.00 1.00 1.000 |
| 21

Fitting the Bernoulli-Probit model

» Use the Open option on the File menu of the main window to load the Open dialog box.
> Select the Prelis Data (*.psf) option from the Files of Type dropdown list box.

» Browse for the file substance _abuse.PSF in the TUTORIAL subfolder and select it.

» Click on the Open button to open the file substance_abuse.PSF in a PSF window.
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» Select the Title and Options option on the SurveyGLIM menu to load the Title and
Options dialog box.

> Enter the string Bernoulli-Probit Model for ADSS Data in the Title string field.

» Check the Residual File checkbox in the Additional Output section to produce the
following Title and Options dialog box.

Title and Dptions x|

Title: IBernDuIIi-F'rDI:uit todel for ADSS Datd

W aximum Mumber of [terations: 100

Cornvergence Criterian: 0.00a1

1)

Miszing Data Walue: -333333

¥ Suppress lterative Detailz [ Wanance Adjustment

Responze Yariable Ordering

' Azcending " Dezcending

Fieference Category Code

[l f*

Optimization bethod
¥ Fisher-Scoring " Newton-F aphzon

Additonal Cutput
[~ Besidual file [ Data file

et x> Cancel | k. I

Tobuild zyntax, proceed to the Survep Design screen and click
the Finizh buttan

Click on the Next button to load the Distributions and Links dialog box.

Select the Bernoulli option from the Distribution type dropdown list box.

Select the Probit option from Link function dropdown list box.

Activate the No radio button in the Include intercept? section to produce the following
Distributions and Links dialog box.

YV VY
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Distributions and Links

Drigtribution type: | Bemouli LJ

Link. function: |F'ru:u|:uit ﬂ

[nzlude intercept?

i Yes [+ Mo

<< Previouz Mest > Cancel | ak. |

Tobuld spntax, proceed to the Survey Design screen and chick
the: Finizh buttan

Click on the Next button to load the Dependent and Independent Variables dialog
box.

Select the variable depr from the Variables in data list box.

Click on the Add button of the Dependent variable section.

Select the variables gender and race_d from the Variables in data list box.

Click on the Continuous button of the Independent variable section.

Select the variable mstat from the Variables in data list box.

Click on the Categorical button of the Independent variable section to produce the
following Dependent and Independent Variables dialog box.

VVVVVY 'V
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Dependent and Independent ¥ariables E

Wariables in data:

CEMREG Dependent variable:
FACTYPE d
B2ThiA0 depr
depr
aleeu Independent wariables:
chtdiag
I gender
gender race_d
race d [rnztat]
edu
ange
Frequency variable:
<< Previous MHext > Cancel k.

Tobuilld syntas, proceed to the Survey Dezsign soreen and click
the Finizh buttan

Click on the Next button to load the Survey Design dialog box.

Select the variable CENREG from the Variables in data list box.

Click on the Add button of the Stratification variable section.

Select the variable FACTYPE from the Variables in data list box.

Click on the Add button of the Cluster variable section.

Select the variable A2TWAO from the Variables in data list box.

Click on the Add button of the Weight variable section to produce the following Survey
Design dialog box.

VVVVVVYVYY
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sSurvey Design PX|

Wariables in data:

CEMRPEG Stratifization wariable:
|EENF|EI3

aICEI_.J

critdiag Cluzter wariable:

numte

gende[ | FACTYPE

race_d << Remove

riskak

edu

e |:| Weight wariable:
|.-“-‘-.2TW.-“—‘-.EI

[ Finite Population Caorrection Fachar

i+ i
<4 Previous | Finizh Cancel | |

Tobuild spntas. click the Finish button

» Click on the Finish button to open the following text editor window for
substance_abuse.PR2.

_nix

GlimOptions Converge=0.0001 MaxIter=100 MissingCode=-5999999 Response=Aiscending RefCatCode=-1 IterDetails=No =
Method=Fisher: —

Title=Bernoulli-Prokbit Model for AD3S Datar

3Y='C:VProgram Files)LISRELSS) TUTCRIALY substance sbuse.P3F':

Distribution=BER:

Link=PROEIT:

Intercept=No;

DepVar=depr:

CoVars=gender race_d mstat§;

Stratun=CENEREG;

Cluster=FACTYPE:

Weight=A2 TWAO; _Ij
4| | H oA

» Click on the Run Prelis toolbar icon to produce the following text editor window for
substance _abuse.OUT.
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¥ substance_abuse.0UT

3tatistic

Likelihood Ratio Chi-square
Fearson Chi-sdquare

-2 Log Likelihood Function

Lkaike Information Criterion
Gchwarz Criterion

Atatistic Value
Adjusted Wald F 3.7142
Wald Chi-square 37.1420

3tandard
Parameter Ezstimate Error
gender -0.4575 0.0903
race d 0.2443 0.1020
mstatl 0.0034 0.0982
mstata -0.1755 0.1126
mstats 0.2881 0.3269

545025,
417124,
545637,
545647 .
543674,

Den.

Estimated Regression Weights

LF

LF

416969
416969

Num. DF

MNote: The Wald F Test and Chi-square Statistics are statistics to test the
null hypothesis that all the regression weights are equal to zero.

P Value

0.113582
0.113882

AW
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