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1. Introduction

LISREL 8.7 for Mac OS 9 and X is Macintosh software for Structural Equation Modeling,
Multilevel Structural Equation Modeling, Multilevel Linear and Nonlinear Modeling and
Generalized Linear Modeling. It consists of the Macintosh text editor application LISREL
8.7 that interfaces with the Macintosh applications lisrel, prelis, multilevel and
surveyglim.

The application prelis can be used for manipulating data, transforming data, generating
data, computing moment matrices, computing asymptotic covariance matrices, performing
regression analyses, performing exploratory factor analyses, etc.

The 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. These methods are
available for simple random sample data as well as complex survey data.

The application multilevel fits multilevel linear and nonlinear models to raw data. It allows
for weights at the different levels of the multilevel hierarchy.

The application surveyglim fits Generalized Linear Models (GLIMs) to simple random
sample data and complex survey data.

This document is intended as a very brief tutorial to familiarize users of LISREL 8.7 for Mac
OS 9 and X with the basic use of the software. Section 2 describes the various files used
and generated by LISREL 8.7 for Mac OS 9 and X. The root window of LISREL 8.7 for
Mac OS 9 and X is reviewed in Section 3. In Section 4, the processing of a PRELIS syntax
file is demonstrated. Thereafter, submitting a LISREL syntax file, a MULTILEVEL syntax
file and a SurveyGLIM syntax file are illustrated in Sections 5, 6 and 7 respectively.
Sections 8 and 9 illustrate how to fit a measurement model and a structural equation model
to data respectively. The Robust Maximum Likelihood and Weighted Least Squares
methods are illustrated in Sections 10 and 11 respectively.



2. Files

LISREL 8.7 for Mac OS 9 and X uses a PRELIS System File (PSF) to store raw data. In
this regard, the application prelis is used to generate PRELIS System Files from text files
with raw data. Whenever prelis or lisrel processes a PSF, a Data System File (DSF),
which has the same file name as the PSF, is created. This DSF contains all the data
information (sample size, labels for observed variables, moment matrix, name of the binary
file containing the estimated asymptotic covariance matrix) that lisrel requires to fit
structural equation models to the data.

A structural equation model can be specified by means of a SIMPLIS syntax file or a
LISREL syntax file. SIMPLIS and LISREL syntax files are text files with the default
extensions SPL and LS8 respectively. These two file types can access the data from the
PSF, the DSF or the text data file. If a user has prepared any of these files, then LISREL
8.7 for Mac OS 9 and X can be used to fit the specified model to the data specified in the
corresponding PSF or DSF.

SIMPLIS syntax files are described in Joreskog & Sérbom (1999c) while the LISREL syntax
files are outlined in Joreskog & S6rbom (1999b). These files are also described in the
online Help File of LISREL 8.7 for Mac OS 9 and X.

A PRELIS syntax file is a text file with default extension PR2. PRELIS syntax files are
described by Joreskog & Sérbom (1999a) as well as in the online Help File of LISREL 8.7
for Mac OS 9 and X.

Multilevel Modeling syntax files are also text files with default extension PR2. Multilevel
Modeling syntax files are described in Jéreskog et al. (2001). These syntax files are also
described in the online Help file of LISREL 8.7 for Mac OS 9 and X.

SurveyGLIM syntax files are described in the online Help file of LISREL 8.7 for Mac OS 9
and X.

The application LISREL 8.7 starts up by opening a root window with ten menus. The File
menu can then be used to create new or open existing PRELIS, LISREL, SIMPLIS,
MULTILEVEL and SurveyGLIM syntax files and output files. The Start menu is used to
open the applications prelis, lisrel, multilevel and surveyglim.



3. The LISREL 8.7 Root Window

Once the application LISREL 8.7 is opened by, for example, double-clicking on the LISREL
8.7 icon, the following root window is opened.

i -ﬁ File Edit Start Font Size Style Colour Justification Window Help
O

New Syntax File
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The Apple menu of the root Window has the standard options of the Apple menu with a
special option for About LISREL 8.7 for Mac OS 9 and X.



The options on the File menu are:

Ii"! Edit Start

MNew HEMN
Open.. 0
Close W
Save #S
Save As..
Revert

Page Setup...
Print... P
Quit #0Q

These options are the standard file options of any standard Macintosh text editor such as
SimpleText or TextEdit.

The options on the Edit menu are:

Start Font &
Can'tUndo 3#Z
Can't Redo
Cut X
Copy #C
Paste Y
Clear
SelectAll A

These options are the standard edit options of any standard Macintosh text editor such as
SimpleText or TextEdit.

The options on the Start menu are:

EEI Font Size S

PRELI%

LISREL 3L
MULTILEVEL 3EM
SurveyGLIM
Online Help 3H

The PRELIS option loads the following dialog box.
=————— 0pen: The PRELIS Application

| Cj LISREL 8.7 [ ] = | 0| @
Date Modified
@ suEveyglim Today
b ) sPLEX Taday
= [ soLimex Taday
Today
b C Preex Taday
b G oroinaL Taday
L multilevel 10/15/04
I %80 m=EMEY 1050 il
Cancel I

4
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Actions

> Locate the application prelis in the folder in which LISREL 8.7 for Mac OS 9 and X is
installed.

» Select the application prelis.

» Click on the Open button to open prelis.

The LISREL option loads the following dialog box.
=—————0pen:The LISREL Application "

| Cj LISREL 8.7 [=] x| 0. @,
| RE =T
b G MLEVELE: 10/14/04
b 3 MISSINGER Today
b 3 Lssex 10/8/04
e LISREL 8.7 10/1/04
Today
> [‘_ﬁ HELP 8/27/03
b ) censor B8/26/03
= )
A
Actions
> Locate the application lisrel in the folder in which LISREL 8.7 for Mac OS 9 and X is
installed.

» Select the application lisrel.
» Click on the Open button to open lisrel.

The MULTILEVEL option loads the following dialog box.

Open: The Multilevel Modeling Application
| Cj LISREL 8.7 B r || ®
b C scLim Today
@ prelis Today
b C PrzEx 8/18/03
b 3 orDiNaL Today
L Trnultilevel 10/15/04
b G mMserEX 1048704
b (3 MLEVELEX 10/14/04 =
[ s I T E=R=T e Todar >
i

Actions

> Locate the application multilevel in the folder in which LISREL 8.7 for Mac OS 9 and X
is installed.

» Select the application multilevel.



» Click on the Open button to open multilevel.

The SurveyGLIM option loads the following dialog box.
=———————— Open: SurveyGLIM Application "c00F0F——

| CJ LISREL 8.7 El ' L &)
Date Modified
b () TECHSUPPORT 8/18/04
‘ surveyalinm Today
b G spLEx Taday
& smultilevel 4/29/04
B ) soLir Taday
@ prelis Today
b 5 PReEx 8/18/03 |4
P 8 nomisal TEerdlenn il
i
Actions

» Locate the application surveyglim in the folder in which LISREL 8.7 for Mac OS 9 and
X is installed.

» Select the application surveyglim.

» Click on the Open button to open surveyglim.

The Online Help File option loads the following dialog box.

Open: The HTM File LISMACHTM
[ ] LISREL 8.7 =] el L ]
navpane 1 htm 5/27/03
navframe hitm 8/27/03
lism_gsh.htm 8/27/03
=5 ismac 8/27/03 =
lismac.hhs 8/27/03
lismac.hhk 8/27/03
lismac.hhc 8/27/03 |
Eal tiermar fio 2/73 /0% al
A

Actions

» Locate the file LISMAC.HTM in the HELP folder of the folder in which LISREL 8.7 for
Mac OS 9 and X is installed.

» Select the file LISMAC.HTM.

» Click on the Open button to open LISMAC.HTM.

The options on the Font menu are:



SizE Style  Colour

Andale Mono
Apple Chancery
Arial 2
Arial Black
Capitals
Charcoal
Chicago
Comic Sans M5
Courier

= Courier New
Gadget
Geneva
Georgia
Helvetica
Hoefler Text
Impact
ITC Zapf Dingbats
kdinion Wehb
kMonaco
kMonotype.com
Mew York
Palatino 4
Sand
Skia 4
Svmbol
Techno
Textile
Times
Times New Boman
Trebuchet M5
Yerdana
Webdings
Wingdings

This menu allows the user to set the font for LISREL 8.7 syntax and output files.

v

v wrw

wvwvrw

The options on the Size menu are:

ol
1m
il
v 12
j1=4
1m
2

This menu allows the user to set the font size for LISREL 8.7 syntax and output files.
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The options on the Style menu are:
Colour Just

+ Plain #T
Baold *¥EB
ffakic *1
Linderline 3EL

This menu allows the user to set the character style for LISREL 8.7 syntax and output files.

The options on the Colour menu are:

Justificati
Red 1
Green x2
Blue *3
» Black 3*4

Colour Picker...
This menu allows the user to set the font color for LISREL 8.7 syntax and output files.

The options on the Justification menu are:
Justification
Default

+ Left
Right
Centre
Full
Force Full

This menu allows the user to set the paragraph justification for LISREL 8.7 syntax and
output files.

The options on the Window menu are:
Help 11:2
Collapse Yindow 3Em

Arrange in Front

» Mew Syntax File
This menu allows the user to manage the open windows of LISREL 8.7.




4. Submitting a PRELIS Syntax File

The following stepwise procedure may be used to process the PRELIS syntax file
EX11.PR2 with LISREL 8.7.

>

A\

YV VVY

Select the PRELIS option on the Start menu to load the Open: The PRELIS
Application dialog box.

Locate the application prelis in the folder in which LISREL 8.7 for Mac OS 9 and X is
installed.

Select the application prelis.

Click on the Open button to load the prelis Open dialog box.

Locate the file EX11.PR2.

Select the file EX11.PR2 to produce the following dialog box.

| Cj LISREL 8.7 El | [ | &,
Date Modified
b G spLEx Today
B ) seLIrMEX Taday
/16703
%11.PRZ 2/25/03
Ex11.0U BA1E/03
EX11FIT B/16/03 —
Show: [AII Readable Documents i] [ Show Preview]

>

Click on the Open button to open the following text editor window.



ODe——"——————— 7| X11.0u

DATE: 10/18/2Z004
TIME: 15:58

PREL I3 2.71
BY

Karl G. Jireskog & Dag Sirbom

This program is published exclusiwvely by
docientific Software International, Inc.
7383 N. Lincoln Awenue, 3uite 100

Lincolnwood, IL 60712, .34,

Phone: (8001247-6113, (8471675-0720, Fax: (847)675-2140
Copyright by 3cientific 3oftware International, Inc., 1981-Z004
Use of thisz program iz subject to the terms specified in the
niversal Copyright Conwvention.

Webzsite: www.ssicentral.com

The following lines were read from £ile Ex11.PRZ:

EXAMPLE 11:
D4 NI=4
Pa&=EX11.RATT
FI 3 4

0T Mi=CHM AC=DATA.ACC P4

TEST OF FIXED-X

Total Sample Size = 400

Tnivariate Probit Regression for
Standard Parameterization

VAR 1

D

10




5. Submitting a LISREL Syntax File

The following steps may be followed to process the LISREL syntax file EX1.LS8 with
LISREL 8.7.

» Select the LISREL option on the Start menu to load the Open: The LISREL
Application dialog box.

Locate the application lisrel in the folder in which LISREL 8.7 for Mac OS 9 and X is
installed.

A\

» Select the application lisrel.
» Click on the Open button to load the lisrel Open dialog box.
» Locate the file EX1.LS8.
» Select the file EX1.LS8 to produce the following dialog box.
[GJ LISREL 8.7 B | 0| ©,
Date Madified | =
EX101.LAB 7/1/03
EX101.DAT 7/1/03
EX1.0UT 10/8/04
l Ex1.L55 TA1/03 =
Z] ex1. AT 10/8/04 N
pr] Ex1 .oy 741403 [+
Show: [AII Readahle Documents i] [ Show Preview]

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

11



D _— EX1.00UT E
DATE: 1071972004
TIME: 15:59
LISREL 5.71
BY
Karl G. TJTireskog &« Dag 3irbon
This program iz published excluziwvely by
Geientific Software International, Inc.
7383 N. Lincoln Awvenue, 5Suite 100
Lincolnwood, IL 60712, T.5.A4A.
Phone: (800)247-6113, (8471675-0720, Fax: (847)675-2140
Copyright by Scientific 3oftware International, Inc., 1981-2004
Uze of this program iz subject to the terms specified in the
Tniversal Copyright Convention.
Wehzite: wmmr.ssicehtral.com
The following lines were read from file Ex1.L35:
HYPOTHETICAL MODEL ESTIMATED EY ML
DA NI=11 NO=100
CM 53¥ FI=EX1.COV
MO NY=4 <=7 HNE=Z NE=3 BE=FU P3=37,FR
FRLY 2 1 LYV 42 LK 2 1LK 31LX 32 LKX5 2LK73BEZI1EBEBEILDZ
FI GA 1 3 Gh 2 2
VA 1LY 1 1LY 3 2 LXK 11LX 42 1Lxe 3
D
0o MI R3 EF ME 53 3C
HYPOTHETICAL MODEL E3TIMATED EY ML = |
-
il E1EZ

12




6. Submitting a MULTILEVEL Syntax File

The following stepwise procedure may be used to process the MULTILEVEL syntax file
CONS.PR2 with LISREL 8.7.

Generating CONS1A.PSF

» Select the PRELIS option on the Start menu to load the Open: The PRELIS
Application dialog box.
» Locate the application prelis in the folder in which LISREL 8.7 for Mac OS 9 and X is
installed.
» Select the application prelis.
» Click on the Open button to load the prelis Open dialog box.
> Locate the file CONS1A.PR2.
> Select the file CONS1A.PR2 to produce the following dialog box.
| Cj LISREL 8.7 B iF | 0| @,
Date Mecified | =
EDUC.DAT 7/2/03
CONS1B.PR2 10/5/04
CONS1E.0UT 10/5/04
[BCoNS 14 PR2 742403
CONS 14.0UT 10714704 =
[c] cons PRZ 7423/03 -
Show: [AII Readable Documents i] [ Show Preview]

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

13



O=———————— 7| CONs1A0UT

OALTE: 10/19/Z004
TIME: 16:54

PRELIZS =Z.71

BY

Karl &. Jireskog & Dag Sirbom

This program is publizhed exclusiwvely by
Scientific Software International, Inc.
73832 NH. Lincoln Awenue, Suite 100

Lincolnwood, IL S0712, T.S.A.

Phone: (900)247-6113, [847)675-0720, Fax: (847)675-2140
Copyright by Scientific Software International, Inec., 1981-2004
Use of this program iz subject to the terms szpecified in the
Universal Copwyright Conwvention.

Hebsite: www.ssicentral.com

The following lines were read from file CONS1R. FRZ:
'PEELIS SYNTAX: Can be edited

'Contents of PSFFILE:

D& NI=11 NO=0 MI= -29299°2 TE=Fh
L&

region sktate age gender marital hours citizen person
constant degree income
B&=C0MS.DAT

CO region

Z0 =stakte

CO age

C0 gender

CO marital

C0 hours

CO citizen

CO0 person

O con=tant
|W [ 4

Multilevel Modeling

S

» Select the MULTILEVEL option on the Start menu to load the Open: The Multilevel
Modeling Application dialog box.

Locate the application multilevel in the folder in which LISREL 8.7 for Mac OS 9 and X
is installed.

Select the application multilevel.

Click on the Open button to load the multilevel Open dialog box.

Locate the file CONS.PR2.

Select the file CONS.PR2 to produce the following dialog box.

VVVVYVY VY

14



| 5J LISREL 8.7 El | 0| &,
COMS14.PRE TiES03
CONS1A.0UT 10414404
(Tilcons.Pr2 TIEZE03
CONS.0UT 10415404
CONS.DAT TIESO3 =

b G rissinGEx Today =
Show: [AII Readable Documents i] I Show Preview]

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

O=———————|] CONS.OUT BB
Do cemos comen comms Eeems CEEEm SE e S S e S 0
I I
| Maltilewvel Module WVersion 7, April Z004 |
I I
[ Copyright 1997-zZ004 I
| Goientific Software International, Inc. |
| 7383 N. Lincoln Avenue,3uite 100 |
[ Lincolmwood, IL 60712, T.3.4 I
| Phone: (847 )675-0720 |
I Fax: (847 )675-2140 I
I Webzite: www. ssicentral.com I
| Support: techsupport@zsicentral.com |
I I
[ Date of analwsis: October 15, 2004 I
| Time of analysis: 15H39::28 |
I I
I e e e e 0
The following lines were read from £ile
CONS.PRE
OPTIONS OL3=YE3 CONVERGE=0,001000 MAXITER=10 OUTPUT=3TANDAED
TITLE=Analvzsiz of CPC data: construction sector ;
ST=CONS1A.P3F;:
Il l=perszon:
IhZ=ztate;
ID3=region;
FESPONSE=1income ;
FIX¥ED=age gender marital hours citizen constant degree; -
BANDOM] =cons tant: -
W [ 4]

15




7. Submitting a SurveyGLIM Syntax File

The following stepwise procedure may be used to process the MULTILEVEL syntax file
GLIMEX1.PR2 with LISREL 8.7.

Generating ABUSE1.PSF
» Select the PRELIS option on the Start menu to load the Open: The PRELIS
Application dialog box.

Locate the application prelis in the folder in which LISREL 8.7 for Mac OS 9 and X is
installed.

A\

» Select the application prelis.
» Click on the Open button to load the prelis Open dialog box.
> Locate the file ABUSE1A.PR2.
> Select the file ABUSE 1A.PR2 to produce the following dialog box.
| 5J LISREL 8.7 [=] | | &.
Abusez PRZ Yesterday
Abusez OUT Yesterday
[pr] Abusez.DaT 10/15/04
l Abusel . PR2 Yesterday
Abuse 1 0OUT Yesterday
[pr] Abuse1.DaT 10/15/04 [+
Showe: [AII Readable Documents i] [Shuw Preview]

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

16



eYeY—————— Abusel il Sooaaass6faz77Ff——o———

DATE: 10/19/2004
TIME: 16:5Z

FRELIZS Z.71

EY

Karl &. Jireskog & Dag Sirbom

This program is published exclusiwelw by
Scientific Software Intermational, Inc.
7382 M. Lincoln Awvenue, Suite 100

Lincolnwood, IL 60712, U.S.L,

Phone: (800)247-6113, (847)675-0720, Fax: (847)1675-2140
Copyright by Scientific Software International, Inec., 1921-2004
Use of this program is subject to the terms specified in the
Universal Copyright Convention.

Hebsite: www.ssicentral.com

The following lines were read from £ile Bbusel. FRZ:

DL HI=6 HNO=ZZ1ld4

Lo

depr sex race_d CENEEG FACTYFE AZTWRO
Ehk=bbusel.DAT

CO ALL

0T MA=CHM Ri=Bbuse=1l.FSF XM

Total Sample Size = 2214

Univariate Summary Statistics for Continuous Variables

Variable Mean St. Dew. T-Value Skewness FKurtosis Minimum Freg. Max
depr 0.411 0.492 29,208 0.362 -1.271 0.0o00 1304 11—
Sex 0.288 0.453 29.931 0.934 -1.125 0.000 1574 gl sl
race d 0.307 0.451 21.321 0.3327 -1.201 0. 000 1534 i
i (4] =

Generalized Linear Modeling

» Select the SurveyGLIM option on the Start menu to load the Open: The SurveyGLIM
Modeling Application dialog box.

Locate the application surveyglim in the folder in which LISREL 8.7 for Mac OS 9 and
X is installed.

Select the application surveyglim.

Click on the Open button to load the surveyglim Open dialog box.

Locate the file SGLIMEX1.PR2 in the SGLIMEX folder.

Select the file SGLIMEX1.PR2 to produce the following dialog box.

A\

YV VVY
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(G LisweL 87 = o|n]o.
[DsGLIMER 1 PR 10/15/04
SGLIMEX1.0UT Today
[ec] SELECT.PRZ Vesterday |
SELECT.OUT Vesterday
[pr] SELECT.DAT 10/15/04 =
MegBinFaw PRZ Yesterday = |

Show: [AII Readable Documents i] [ Show Preview]

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

IO0=——r_——————— =] SGLIMEX1.0LT

SurveyGLIM Version 1.0 of September 2004
Generalized LInear Modeling
for
Comnplex Surwey Data

Copyright by Scientific Software International, Inc., 2004
SGocientific Joftware International, Inc.

7383 N. Lincoln Awenue,3uite 100

Lincolnwood, IL a0712, T. 3.4

Phone: (8471 675-0720

Fax: (547 675-2140

Webzite: www,.ssicentral.com

Support: techsupportidzsicentral.com

DATE OF AWNALY3IZ: October 19, 2004
TIME OF ANALYSIS: 15H33:08

DATA FILE:

Abusel.P5F

INPFUT FILE:

SGLIMEX1.PEZ

The following lines were read from the JurveyGLIM syntax file:

Method=Fizher;
Title=3GLIMEX]1: Bernoulli Prohit Model for Substance Abuse Data;
3V =Abusel.P3F:;

FlimOptions Conwverge=0.0001 MaxIter=100 MissingCode=-99993239 TterDetailz=N

e

]

| 4

18




8. Fitting a Measurement Model to Raw Data

The text data file DEPRESS.DAT contains 204 observations of 12 continuous 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 theoretical measurement model is a CFA model that specifies
that the 12 continuous indicators are indeed indicators of Self-esteem, Depressiveness and
Impulsiveness. A step-by-step procedure to fit this measurement model to the text data set
follows.

Creating DEPRESS.PSF
> Select the New option on the File menu to load the New Syntax File window.
» Enter the following commands one by one.

=[] depressPSFPR2=—"—— 0B

DA MI=1Z TR=LI

L&

SELF1 SELFZ SELF3 SELF4 SELFS DEPREST DEPRESZ DEPRESZ DEPRESS IMPULST IMPULSZ IMPULS2
Ra=DEPRESS.DAT

CO alL

OU RA=DEPRESS.PSF XT XM

SEID

eI

Line 1 specifies that 12 variables are to be read (NI=12) and that list wise deletion should
be applied to missing values (TR=LI).

Lines 2-3 specify the labels for the 12 observed variables.

Line 4 specifies the name of the text data file.

Line 5 specifies that all variables are continuous.

Line 6 specifies that the raw data in the text data file should be written to the PSF (binary
file) DEPRESS.PSF.

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

» Enter the name DEPRESSPSF.PR2 for the PRELIS syntax file.

» Click on the Save button.

» Close the syntax file window.

» Select the PRELIS option on the Start menu to load the Open: The PRELIS
Application dialog box.

» Locate the application prelis in the folder in which LISREL 8.7 for Mac OS 9 and X is
installed.

» Select the application prelis.

» Click on the Open button to open prelis.

» Locate the PRELIS syntax fle DEPRESSPSF.PR2.

» Click on the Open button to open the following output window.

19



O depressPSF.OUT [5]=]
Total 3ample 3ize Z04
Univariate Summary Statistics for Contimious Variahles
Variable Mean 3t. Devw. T-Value 3Skewnesz EKurtoziz HMinimum Freg. HMaxinum
SELF1 1.897 1.377 19,679 -0.030 -1.272 0.ooo 47 4,000
SELFZ 1.716 1.312 158.675 0,196 -1.100 0.ooo 45 4,000
SELF3 1.824 1.278 20,377 0.035 -1.109 0.ooo 41 4,000
SELF4 2.221 1.381 22.969 -0.222 -1.165 0.ooo 3z 4,000
SELFE 2.142 l.454 21.0E0 -0.202 -1.34%5 0.ooo 41 4,000
DEPFRES] 2.0549 1.406 20.91% -0.1483 -1.293 0.ooo 41 4,000
DEPFRESZ 1.034 1.273 11.608 0.9zo -0.425 0.ooo 104 4,000
DEPFRESS 1.561 1.441 19,431 o.059 -1.347 0.oo0o0 43 4,000
DEFRES 4 2.038 1.4:z24 20,452 -0.028 -1.354 0.oo0o0 35 4,000
IMPULS1 0. 345 0.813 g.112 2.495 5,793 0.oo0o0 165 4,000
IMPULGZ 0.1%96 0.596 4,697 3.569 135.975 0.ooo0 1759 4.000
IMPULAS 1.000 1.170 lz.205 0,950 -0.182 0.ooo 95 4.000
Test of Univariate Normality for Continuous Variables
Skewness Eurtosis Skewmess and Kurtosis
Variable Z-3core P-Value Z-3core P-WValue Chi-3muare P-Value
SELF1 -0.182 0.556 -1Z.082 0.0on0 lds. 003 o.oon
SELFZ 1.160 0.z4a -7.536 0.0on0 55,141 o.oon
SELF3 0.210 0.334 -7.704 0.0on0 59, 395 o.oon
SELF4 -1.313 0.189 -8.568 0.0on0 0. 368 o.oon
SELFS -1.19& 0.232 -15.835 0.0on0 252,177 o.oon
DEPFRES1 -0.883 0.377 -12.987 0.0on0 1e9, 445 o.oon
DEPRESZ 4,794 o.o0on0 -1.486 0.143 25,136 o.oon
DEPRES 3 0.354 0.723 -16.018 0.0on0 256, 705 o.oon
DEPFREZ4  -0.169 0.865 -16.434 0.0on0 271,735 o.oon
IMPULE1 0,239 o.o0on0 L.7449 0.0on0 118, 402 o.oon
IMPULSZ 11.01% o.o0on0 7.532 0.0on0 178, 066 o.oon |
IMPULS S 4.916 0.000 -0,459 0. 644 24, 3738 0.00n0 =
-
i (4]~

Fitting the measurement model
> Select the New option on the File menu to load the New Syntax File window.
» Enter the following commands one by one.

O

[rc] depressi.spl

BB

Raw Data from File DEPRESS.PSF
Latent Yarables
selfest depress impuls
Felationships
SELF1-SELFS = selfest
DEPREST-DEPRESY = depress
IMPULS 1-IMPULS3 = impuls

Lisrel Output: D=3 SC
Path Diagram

End of Problem

NEID

20




Line 1 specifies the source for the raw data file.

Lines 2-3 specify the labels for the 3 latent variables.

Lines 4-7 specify the measurement model for the 3 latent variables.

Line 8 specifies that the results should be reported in the form of the LISREL model for the
measurement model.

ol YVVY VY VVVVY

Select the Save As option on the File menu to load the Save As dialog box.
Enter the name DEPRESS1.SPL for the SIMPLIS syntax file.
Click on the Save button.
Close the syntax file window.
Select the LISREL option on the Start menu to load the Open: The LISREL
Application dialog box.
Locate the application lisrel in the folder in which LISREL 8.7 for Mac OS 9 and X is
installed.
Select the application lisrel.
Click on the Open button to open lisrel.
Locate the PRELIS syntax file DEPRESS1.SPL.
Click on the Open button to open the following output window.
depress | OM=—"——— OB
LIZREL Eztimates (Maxinum Likelihood)
LAMEDA-X
selfes=t depress impuls
SELFL  0.984 - - -
{0.086)
11.3584
SELF2 1.031 - - - -
{0.079)
13.017
SELF3 0.954 - - - -
{0.078)
12.635
SELF4 1.109 - - - -
{0.082)
13.457
SELFS 1.248 - - - -
{0.084)
14.914
DEPRES 1 - - 1.233 - -
(0.081)
15.198
DEPRES 2 - - 0. 875 - -
{0.082)
10,710
DEFRES 3 - - 1.064 - -
{0.090) |
11.798 =
(4]
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9. Fitting a Structural Equation Model to raw data

The text data file DEPRESS.DAT contains 204 observations of 12 continuous 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 theoretical measurement model is a CFA model that specifies
that the 12 continuous indicators are indeed indicators of Self-esteem, Depressiveness and
Impulsiveness. One possible structural model for the three latent variables is a model that
suggests that Depressiveness and Impulsiveness are correlated antecedents of Self-
esteem. A step-by-step procedure to fit this latent variable model to the text data set
follows.

Creating DEPRESS.PSF
Use the steps in section 7 to create of the PSF DEPRESS.PSF if it has not yet been
created.

Fitting the structural equation model
> Select the New option on the File menu to load the New Syntax File window.
» Enter the following commands one by one.

[ = 5| depress2spl—"m—F7i—=0H

Raw Data from File DEPRESS.PSF
Latent Yariables

selfest depress impuls
Felationships

SELF1-5ELFS = selfest
DEFREST-DEPRESY = depress
IMPULST1-IMPULSZ = impuls
selfest = depress impuls
impuls = depress

Lisrel Dutput: MD=3 5C

Path Diagram

End of Problem
ﬁ [«

Line 1 specifies the source for the raw data file.

Lines 2-3 specify the labels for the 3 latent variables.

Lines 4-7 specify the measurement model for the 3 latent variables.

Lines 8-9 specify the structural model for the latent variables.

Line 10 specifies that the results should be reported in the form of the LISREL model for
the structural equation model.

Select the Save As option on the File menu to load the Save As dialog box.

Enter the name DEPRESS2.SPL for the SIMPLIS syntax file.

Click on the Save button.

Close the syntax file window.

Select the LISREL option on the Start menu to load the Open: The LISREL
Application dialog box.

Locate the application lisrel in the folder in which LISREL 8.7 for Mac OS 9 and X is
installed.

=D

Y VVVVYVY
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> Select the application lisrel.
» Click on the Open button to open lisrel.
» Locate the PRELIS syntax file DEPRESS2.SPL.

» Click on the Open button to open the following output window.

O

depress2.0UT

=)=

LIZREL Estimates (Maxinum Likelihood)

LAMEDA-T
zelfeszt impuls
SELF1 0.954 - -
SELFZ 1.031 - -
(0.096)
10,689
SELF3 0.984 - -
(0.094)
10,476
SELF4 1.109 - -
(0.102)
10,926
SELFS 1.248 = =
(0.107)
11.643
IMPULS1 = = 0.604
IMPULGZ = = 0. 393
(0,077
5.067
IMPULSS - - 0. 578
[0.119)
4, 860
LAMEDA-X |
.
depress -
e

[ 4
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10. 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 8.7 for Mac OS 9 and X and
the associated formulae are provided in Joreskog et al (2001). To implement this method,
the user needs to compute the Asymptotic Covariance Matrix (ACM) of the sample
variances and covariances. A step-by-step procedure to implement the RML method in
LISREL 8.7 for Mac OS 9 and X for the structural equation model of section 4 may be
described as follows.

Creating DEPRESS.DSF
» Select the New option on the File menu to load the New Syntax File window.
» Enter the following commands one by one.

D —_ depress.PR? P E
SW=DEPRESS.PSF —
Ol Ma=Ch AC=DEPRESS.ACM XT XM -

[~

Line 1 specifies the source for the raw data file.

Line 2 specifies that the sample covariance matrix should be computed (MA=CM) and that
the estimated asymptotic covariance matrix of the sample variances and covariances
should be computed and written to the binary file DEPRESS.ACM.

Select the Save As option on the File menu to load the Save As dialog box.

Enter the name DEPRESS.PR2 for the PRELIS syntax file.

Click on the Save button.

Close the syntax file window.

Select the PRELIS option on the Start menu to load the Open: The PRELIS
Application dialog box.

Locate the application prelis in the folder in which LISREL 8.7 for Mac OS 9 and X is
installed.

Select the application prelis.

Click on the Open button to open prelis.

Locate the PRELIS syntax file DEPRESS.PR2.

Click on the Open button to open the following output window.

VVVYVY VYV VVVVYVY
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O0=————— depress.OUT

Cowvariance Matrix

SELF1 AELFZ SELF3 SELF4 JELFS DEFRES]1

AELF1 1.5%98

AELFZ 1.123 1. 722

JELF3 1.0%90 1.07%3 1.634

JELF4 1.013 1.1%a 1.093 1.207

JELFS 1.17%7 1. 225 1.143 1.427 Z2.113
DEFRESL 0.947 1.017 1.035 1.233 1.439 1.877
DEFRESZ 0.644 0.650 0.696 0,785 1.044 1.052
DEFPRESS 0.7939 0. 821 0.5811 0.58%6 1.0%5 1.352
DEFRES4 0.945 0. 94z 0.943 0.903 1.27%0 1.273
IMPUL31 0.149 0,129 0.11la 0.110 0.033 0.063
IMPULSZ 0.035 .06l -0.0Z39 -0.034 0.031 -0.002
IMPULSS 0.453 0. 512 0.409 0.453 0.591 0.567

Cowvariance Matrix

DEPEE 52 DEPRESS DEFPRES4 IMPUL31 IMPTILEZ IMPUIL 335

DEPRES 2 1.620
DEPEES 3 0.g98 2.077
DEPEES 4 1.068 1. 253 2.0z28
IMPTILS1 0.10& -0. 036 0.060 0.662
IMPUILS 2 0.097 0.023 0.017 0.z247 0.355
IMPULG S 0.473 0.51z2 0.532 0.325 0.217 l.369
Means
SELFL SELF:2 SELF3 SELF4 SELFS DEFRES]L
1.897 1.71a 1.824 2.221 2.142 2.059
HMeans

DEFPEE 32 DEFRE3S DEFEE34 IMPUL31 IMPTLEE IMPUIL 33

The Robust Maximum Likelihood method
> Select the New option on the File menu to load the New Syntax File window.
» Enter the following commands one by one.

0 =——-"———————"| DepressispI=—"——————0H

Systemn File from File DEPRESS.0SF
Latent Yarables

selfest depress impuls
Relationships

SELF1-SELFZ = selfest
DEPRES1-DEPRESY = depress
IMPULST-IMPULSE = impuls
selfest = depress impuls
impuls = depress

Lisrel Output: ND=3 SC ME=ML
Path Diagram

End of Problermn

TS —

4]
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Line 1 specifies the source for the binary summary data file.

Lines 2-3 specify the labels for the 3 latent variables.

Lines 4-7 specify the measurement model for the 3 latent variables.

Lines 8-9 specify the structural model for the latent variables.

Line 10 specifies that the results should be reported in the form of the LISREL model for
the structural equation model.

Select the Save As option on the File menu to load the Save As dialog box.

Enter the name DEPRESS3.SPL for the SIMPLIS syntax file.

Click on the Save button.

Close the syntax file window.

Select the LISREL option on the Start menu to load the Open: The LISREL
Application dialog box.

Locate the application lisrel in the folder in which LISREL 8.7 for Mac OS 9 and X is
installed.

Select the application lisrel.

Click on the Open button to open lisrel.

Locate the PRELIS syntax file DEPRESS3.SPL.

Oojvvyvy VvV VVVVYVY

Click on the Open button to open the following output window.

Depress3OQ=—"—— 0| H

Hunber of Iterations = 47

LI3ZREL Estimates (Maxinum Likelihood)

LAMEDA-T
zelfeszt impuls
SELF1 0.954 - -
SELFZ 1.031 - - -
(0.085) =
12,174
SELF3 0.984 - -
(0.076)
12,953
SELF4 1.109 - -
(0.092)
11,5994
SELFS 1.248 = =
(0.090)
15,942
IMPULS1 = = 0.604
IMPULGZ = = 0. 393
[0.109)
3.598
IMPULSS - - 0. 578
[0.154)
3,767
LAMEDA-X =
-
(4]
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11. Weighted Least Squares

Browne (1982, 1984) formulated an Asymptotically Distribution Free (ADF) method for
covariance structures. This method is implemented in LISREL 8.7 for Mac OS 9 and X 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. A step-by-step procedure to implement
the WLS method in LISREL 8.7 for Mac OS 9 and X for the structural equation model of
sections 4 and 5 may be described as follows.

Creating DEPRESS.DSF
Generate the Data System File (DSF) DEPRESS.DSF* exactly as described in section 9 if
it has not yet been generated.

The Weighted Least Squares method
» Select the New option on the File menu to load the New Syntax File window.
> Enter the following commands one by one.

0 =————[5;| Depressdspl=—=FEIH

System File fram File DEPRESS.DSF
Latent Varables

selfest depress impuls
Relationships

SELF1-SELFS = selfest
DEPRES1-DEPRES4 = depress
IMPULS 1-IMPLULS2 = impuls
selfest = depress impuls

impuls = depress

Lisrel Qutput: ND=3 5C ME=WLS

Path Diagram =
End of Problem -
N TR | €17

Line 1 specifies the source for the binary summary data file.

Lines 2-3 specify the labels for the 3 latent variables.

Lines 4-7 specify the measurement model for the 3 latent variables.

Lines 8-9 specify the structural model for the latent variables.

Line 10 specifies that the results should be reported in the form of the LISREL model for
the structural equation model.

Select the Save As option on the File menu to load the Save As dialog box.

Enter the name DEPRESS4.SPL for the SIMPLIS syntax file.

Click on the Save button.

Close the syntax file window.

Select the LISREL option on the Start menu to load the Open: The LISREL
Application dialog box.

Locate the application lisrel in the folder in which LISREL 8.7 for Mac OS 9 and X is
installed.

Select the application lisrel.

Click on the Open button to open lisrel.

Locate the PRELIS syntax file DEPRESS4.SPL.

Click on the Open button to open the following output window.

27
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I=—————— | Depressdl =——————[FH

LISREL Estimates [(Weighted Least Scquares)
LAMBDA-Y
selfest impuls
SELFL l.082 = =
SELFZ 1.200 = =
(0.063) -
19.031 =
3ELF3 1.151 = =
(0.056)
Z0.507
3ELF4 1.273 = =
(0.071)
17.964
SELFS 1.546 = =
(0.087)
20,175
IMPULE1 = = 0. 221
IMPULSZ = = 0.093
[0.025)
3.857
IMPULES > = 0. 775
[0.134)
3.983
LAMEDA-X —
.
dentress >
i (4]

28



References

Browne, M.W. (1982).
Covariance Structures.
In D.M. Hawkins (Ed.), Topics in Applied Multivariate Analysis, pp. 72-141.
Cambridge: Cambridge University Press.

Browne, M.W. (1984).
Asymptotically Distribution-free Methods in the Analysis of Covariance Structures.
British Journal of Mathematical and Statistical Psychology, 37, 62-83.

Browne, M.W. (1987).
Robustness in Statistical Inference in Factor Analysis and Related Models.
Biometrika, 74, 375-384.

Du Toit, S.H.C. & Du Toit, M. (2003). Multilevel Structural Equation Modeling.
In I.G.G. Kreft, & J. de Leeuw (Eds.), Multilevel Modeling, in preparation.

Joreskog, K.G. & Sorbom, D. (1999a).
PRELIS 2: User's Reference Guide.
Lincolnwood, IL: Scientific Software International, Inc.

Joreskog, K.G. & Soérbom, D. (1999b).
LISREL 8: User’'s Reference Guide.
Lincolnwood, IL: Scientific Software International, Inc.

Joreskog, K.G. & Soérbom, D. (1999c).
Structural Equation Modeling with the SIMPLIS Command Language.
Lincolnwood, IL: Scientific Software International, Inc.

Joreskog, K.G. & Sérbom, D. (2003).
LISREL 8.7 for Mac OS 9 and X [Computer Software].
Lincolnwood, IL: Scientific Software International, Inc.

Joreskog, K.G., S6rbom, D., Du Toit, S.H.C. & Du Toit, M. (2001).
LISREL 8: New Statistical Features (Third Printing with Revisions).
Lincolnwood, IL: Scientific Software International, Inc.

Satorra, A. & Bentler, P.M. (1988).
Scaling Corrections for Chi-square Statistics in Covariance Structure Analysis.
Proceedings of the Business and Economic Statistics Section of the American
Statistical Association, 308-313.

29



