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Introduction

The analysis of data with a hierarchical structure is known in the literature as, amongst others,
hierarchical modeling, random coefficient modeling, latent curve modeling, growth curve
modeling or multilevel modeling. Here we opt to use "multilevel modeling” to describe models
exhibiting nested hierarchical structures.

The basic idea is that units, be it patients or measurements, are nested within units at a higher level
of the hierarchy. For example, multiple blood pressure measurements may be “nested” within
patients, where patients form the next, higher, level of the hierarchy. Alternatively, duration of stay
within a hospital for each individual may form measurements nested within a hospital. Here the
individuals are the lower-level units, nested within the hospitals that serve as the higher-level units.
No matter which of these structures applies, the outcome measured at the lowest level may be
described using regression coefficients at some or all the levels of the hierarchy. Variance
components at different levels of the hierarchy can be included for study. This allows the
researcher to evaluate the variation in outcome at various levels of the hierarchy, while inclusion of
any moderating effects is optional. In addition, the dependence of repeated measurements
belonging to one experimental unit in a typical growth curve analysis, for example, is taken into
account with this approach. Multilevel models are also suited to the analysis of unbalanced data,
and thus estimates can be obtained for units for which a very limited amount of information is
available.

Multilevel models are particularly useful in the modeling of data from complex surveys. Cluster or
multi-stage samples designs are frequently used for populations with an inherent hierarchical
structure. Ignoring the hierarchical structure of data has serious implications. The use of
alternatives such as aggregation and disaggregation of information to another level can induce an
increase in collinearity among predictors and large or biased standard errors for the estimates.

LISREL for Windows (JOreskog & Soérbom 2005) includes the application MULTILEV, which
implements the methods in Joreskog et al. (2001) and du Toit & du Toit (2001), to fit linear and
non-linear multilevel models to multilevel data obtained form complex and simple random
samples.

In this document, we describe and illustrate the features of MULTILEV. Section 2 is an overview of
the MULTILEV graphical user interface (Gul). An overview of the MULTILEV syntax file is given in
Section 3. Section 4 consists of illustrative examples of 2-level and 3-level linear multilevel
analyses and a 2-level non-linear multilevel analysis.

LISREL for Windows: MULTILEYV User’s Guide 1



Graphical user interface

The GUI of MULTILEV consists of the Linear Model and Non-Linear Model popup menus and the
corresponding dialog boxes on the Multilevel menu on the PSF (PRELIS System File) window of
LISREL for Windows. Both these popup menus and the corresponding dialog boxes are discussed
next.

The Linear Model popup menu

The Linear Model popup menu on the Multilevel menu provides you access to a sequence of four
dialog boxes that can be used to create a MULTILEV syntax file for a linear multilevel model
interactively. It is located on the PSF window of LISREL for Windows, which is used to display,
manipulate and process raw data. In other words, this menu is only available when a PSF window
is opened. To illustrate this, the PSF window for the file NIH1.psf in the TUTORIAL subfolder is
shown below with the Linear Model popup menu expanded.

R1=IE
m Elle Edit Data Transformation Statistics  Graphs | Mulkilewel SurveyGLIM  Yiew Window Help =]
9 e B [ Linzar Model Title and Cptions. ..
J D Iblil .I s I Il ﬂlﬁl él ul Mon-Linear Model » Identification Yariables. ..
M 4 » Pp | M &= & = | [ | T Response and Fixed Yarishles. .
VYEAR AGE SEX [JSETOBAC|>R__ Random variables... 3LODPREE
1 35.00 2.00 0.o0 1.00 300 0.an 0.00] =
2 2002.00 21.00 2.00 1.00 1.00 300 0.an 000 |
3 2002.00 2.00 2.00 2.00 1.00 .00 0.an 0.oo
4 2002.00 5z.00 1.00 0.00 1.00 2.00 0.0a 0.00
5 2002.00 13.00 2.00 3.00 1.00 300 1.00 000 -
Al o

[ o [0

The Linear Model popup menu on the Multilevel menu has four options that can be used to perform
basic linear multilevel analyses. Advanced options that enable the user to specify more complex
models must be inserted manually once a syntax file has been generated.

The typical first step for using the Linear Model popup menu on the Multilevel menu would be to
click on the Title and Options option to activate the Title and Options dialog box. However, you can
click on the other options to go directly to the Identification Variables, the Response and Fixed
Variables or the Random Variables dialog box.

LISREL for Windows: MULTILEYV User’s Guide 2



The Title and Options dialog box

The Title and Options dialog box allows you to specify a title and the options of a linear multilevel
analysis interactively and is accessed by selecting the Title and Options option on the Linear Model
popup menu of the Multilevel menu. This selection loads the following Title and Options dialog
box.

|
— | TITLE=<STRING>;
Title [ aximum 70 characters):
i
Marirurm Mumber of [terations: I =1
. ==l OPTIONS
LConvergence Criterion: 0.00 \
OLS=YES
Missing [ ata alue: 999999 ﬂ
Misso DepVialue: 939933 Dev,ance | CONVERGE=0.001000
W Use OLS for starting values I \Calculate effect sizes MAXITER=10
Additional Output
Asymptotic Covanances I~ Besiduals OUTPUT=STANDARD ?
[ Empirical Bayes Estimates I~ Mo Data Summary
ween and Within Covariance Matrices

Hext > I Cancel Ok

To build Syntax, procesd to the Flandom Yariables screen and
click the Finizh Button

Note that the Title and Options dialog box corresponds with the TITLE and OPTIONS commands as
indicated on the image above.

If desired, you can enter a descriptive title in the Title string field.

Since the linear multilevel estimation equations do not have a closed form solution, the Fisher
scoring algorithm is used to obtain estimates of the unknown parameters. You can enter the
maximum number of iterations for the algorithm in the Maximum Number of Iterations number field
if the default of 10 is not appropriate. Enter the appropriate convergence criterion for the algorithm
in the Convergence Criterion number field if the default value of 0.001 is not to be used.

If the raw data include missing values with a global missing value other than -999999, you need to
enter the corresponding global missing value in the Missing Data Value number field. Similarly, if
the global missing value for the response variable is not -999999, the corresponding global missing
value needs to be entered in the Missing Dep Value number field.

LISREL for Windows: MULTILEYV User’s Guide 3



The NFree number field allows you to specify the number of free parameters of the model of a
previous analysis to be used for comparing nested models. You may provide the corresponding
deviance statistic value by entering it in to the Deviance number field.

The Use OLS for starting values check box is checked by default. If this is not desired, the check
box needs to be cleared. To request the calculation of effect sizes, you need to check the Calculate
effect sizes check box.

The standard output can be changed by checking the desired check box(es) in the Additional Output
section. If the estimated asymptotic covariance matrices of the parameter estimators of the fixed
and random parts of the model are to be written to the external text files, you need to check the
Asymptotic Covariances checkbox. Similarly, you need to check the Empirical Bayes Estimates, the
Between and Within Covariance Matrices and/or the Residuals check box(es) to write the
corresponding values to external text file(s). The data summary is listed in the output file by
default. If this is not desired, check the No Data Summary check box to suppress it.

Once you are done with the Title and Options dialog box, click on the Next button to go to the
Identification variables dialog box.

The Identification Variables dialog box

The Identification variables dialog box is used to specify the variables in the PSF that identify the
various levels of the hierarchy. It is accessed by clicking on the Next button of the Title and Options
dialog box or by selecting the Identification Variables option on the Linear Model popup menu. An
example of this dialog box follows.

Identification variables |
Lewvel 3 |D Wariable

KEEAH; < Fomove | | — | ID3 = <label>;

SEX

ey tge o | Level2iDVarabie
PASTYIS [
INJURY << Femove |

BLODPRES
URIMNE

CHOLEST Aidd 3> | Lewvel 3 Weight:
EKG <o | | ——— | WEIGHT3 = <label>;

EXERCISE
TOBACCO

WTREDUC Aol = | Lewvel 2 Weight:

Wariables in data Add 5

— | 1D2 = <label>;

HUMMED <<F‘Bmml | ——— | WEIGHT2 = <label>;
REGION

EEEEED FF Aol = Lewvel 1 'Weight:

AGER e - -
N R | ——— | WEIGHT1 = <label>;

<< Previous I et »» I Cancel I ak. |

To build Syntax, proceed ta the Bandom Y ariables screen and
click the Finish Buttan
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Note that the Identification variables dialog box corresponds with the 1D2, ID3, WEIGHT1, WEIGHT2
and WEIGHT3 commands as indicated on the image above.

A level-2 ID variable is required when you set up a two or a three level model. To define a level-2
ID variable, first select the desired variable from the Variables in data list box and then click on the
second Add button to add the variable to the Level 2 ID Variable grid box. Similarly, if a three level
model is desired, the level-3 ID variable must be selected and added to the Level 3 ID Variable grid
box by clicking on the top Add button.

The user can specify weight variables for each level of the model. If a level-1 weight variable is
desired, the user may specify it by first selecting the desired weight variable from the Vvariables in
data list box and then click on the corresponding Add button to add the variable to the Level 1
Weight grid box. Level 2 and level 3 weight variables are specified in a similar way.

Once the Identification variables dialog box has been completed, click on the Next button to access
the Select Response and Fixed Variables dialog box.

The Select Response and Fixed Variables dialog box

The Select Response and Fixed Variables dialog box is used to select the outcome and fixed
variables to be included in the model from the PSF. It is accessed by clicking on the Next button of
the Identification of Variables dialog box or by selecting the Select Response and Fixed Variables
option on the Linear Model popup menu. An example of this dialog box follows.

Select Response and Fized ¥Yariables x|
“arables in data Response Yariables
AGE — Add| 5>
e —L label
USETOBAC LhErmnoyE _— RESPONSE = < >-
FPRIMCARE SPONS abe (S) 7
PASTYIS
IMJURY
BELODPRES Fixed aniables
URIME ¥ Intercept
CHOLEST
EKG Add >3
KR —_— ——— | FIXED = <label(s)>;
EXERCISE << Hemave
TOBACCOD _—
WTREDUC
MUMMED
PATWT
REGION
RETYPOFF 0 g .
R&CER Al reate Dummies for:
AGER | ——— Ii - - -
CSTRATM =< Pemee DUMMY = <label>;
<% Ereviousl Mexst »» I Cancel | QK |
The dummy wariables are wiitten to the PSF-file with defaulk names
dummy], dummy2, ... Cloze the PSF-file and re-open to view these
variables.
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Note that the Select Response and Fixed Variables dialog box corresponds with the RESPONSE,
FIXED and DUMMY commands as indicated on the image above.

The outcome variable(s) is specified by first selecting the variable(s) from the Variables in data list
box and then clicking on the upper Add button to add the variable to the Response Variables list
box.

To define the independent variable(s) for the fixed part of the model, first select the variable(s)
from the variables in data list box and then click on the middle Add button to add the variable(s) to
the Fixed Variables list box. Note that the intercept is included in the fixed part of the model by
default. If this is not desired, clear the Intercept check box.

Dummy variables can be created for a categorical variable. To create the dummy variables for a
categorical variable, first select the variable from the variables in data list box and then click on the
lower Add button to add the variable to the Create Dummies for grid box.

Once you are done with the Select Response and Fixed Variables dialog box, click on the Next
button to go to the Random Variables dialog box.

The Random Variables dialog box

The Random Variables dialog box is used to specify the variables for which coefficients are
assumed to be random. It is accessed by clicking on the Next button of the Select Response and
Fixed Variables dialog box or by selecting the Random Variables option on the Linear Model popup
menu. An example of this dialog box follows.

x|

Wariables in data R andom Lewvel 1

VEERT e I Intercept

AGE =

SEX Add| 5> ———— | RANDOM1 = <label(s)>;
USETOBAC —_—

PRIMCARE << Hemayve

PASTYIS

IMJURY

ELODFRES R andom Level 2

URIME v Intercept

CHOLEST

EKG add>> | ———— | RANDOM2 = <label(s)>;
HRAAY =

EXERCISE << Bemave |

TOBACCO —

WTREDUC

NUMMED Erandonm Lexve] 2

PATWT IV | tescent —

REGION _ .
RETYPOFF  — il ———— | RANDOM3 = <label(s)>;
R&ACER _ 1

AGER

CMCTOATRL LI —S< HEI‘I‘ID\-’E

<4 Ereviousl FEinizh I Cancel ak.

Modeling ermor covariances [COWnPAT statement] and/or testing

contragte [COMTRAST statement] can be done by adding lines to

the syntax file which appears after the Finizh button iz clicked.
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Note that the Random Variables dialog box corresponds with the RANDOM1, RANDOM2 and
RANDOM3 commands as indicated on the image above.

To specify the independent variable(s) for the random part of the model at level-1, first select the
variable(s) from the variables in data list box and then click on the upper Add button to add the
variable(s) to the Random Level 1 list box. Note that the intercept is included in the random part of
the model by default. If this is not desired, clear the Intercept check box.

Similarly, the user may specify the level-2 independent variable(s) by first selecting them from the
Variables in data list box and then by clicking on the middle Add button to add the variable(s) to the
Random Level 2 list box.

The level-3 independent variable(s) is specified by first selecting them from the Variables in data
list box and then by clicking of the lower Add button.

Once the random part of the model is specified, click the Finish button to generate the text editor
window for the corresponding MULTILEV syntax file.

The Non-Linear Model popup menu

The Non-Linear Model popup menu on the Multilevel menu of the PSF window provides you access
to a sequence of four or five dialog boxes that can be used to create a MULTILEV syntax file for a
nonlinear multilevel model interactively. This menu is only available when a PSF window is
opened. To illustrate this, the PSF window for the file NIH1.psf in the TUTORIAL subfolder is shown
below with the Non-Linear Model popup menu expanded.

f5i LISREL Windows Application - [NIH1.psf] =] S
I;!Eile Edit Daka Transformation Skatiskics Graphs | Mulklevel SurveyGLIM  Wiew Window Help ==l

J Dl@l-ﬁ-l.J xl&l@l ﬁl#l glula Lineat Madel >i

Mon-Linear Model  » Title and Options. ..

M 4 » M |[‘]_1 e ||E | 1D, Response and Fixed...

VYEAR AGE | sEx [)SETOBAC[PR  ®lecttiodel. ury [3LODPRES]
1 35.00 200 0.00 eI e b I oo 0.00 =
2 2002.00 21.00 2.00 1.00 1.00 3.00 0.00 noo |
3 2002.00 2.00 2.00 2.00 1.00 3.00 0.00 0.00
4 2002.00 52.00 1.00 0.00 1.00 2.00 0.00 0.00
5 2002.00 13.00 2.00 3.00 1.00 3.00 1.00 0oo .
A ﬂJ
[ [ 4

The Non-Linear Model popup menu on the Multilevel menu has four options that can be used to
perform nonlinear multilevel analyses.

The typical first step for using the Non-Linear Model popup menu on the Multilevel menu would be
to click on the Title and Options option to activate the Title and Options dialog box. However, you

LISREL for Windows: MULTILEYV User’s Guide 7



can click on the other options to go directly to the ID, Response and Fixed, the Select Model or the
Select Covariate for First Component dialog box.

The Title and Options dialog box

The Title and Options dialog box allows you to specify a title and the options of a non-linear
multilevel analysis interactively and is accessed by selecting the Title and Options option on the
Linear Model popup menu of the Multilevel menu. This selection loads the following Title and
Options dialog box.

x
Title [Mazimum 70 characters]: — TITLE=<stri ng> ;
f
b airnurmn Murnber of [terations: ISD _l? OPTIONS
LConvergence Criterian: 0.0 \

. I—‘K METHOD=MAP
Miszing Data Value: -393399 \

MHumbsf of Quadrature Points: |1D % CONVERGE=0.001000
\ MAX1TER=30

QUADPTS=10;

& |lze Maximum &prior

" Uze Full Masimum Likelihood

Mest > I Cancel Ok

Tobuild Syntax, proceed to the Select Covariate screen and click
the Finish Button

Note that the Title and Options dialog box corresponds with the TITLE and OPTIONS commands as
indicated on the image above.

If desired, you can enter a descriptive title in the Title string field.

Since the non-linear multilevel estimation equations do not have a closed form solution, the Fisher
scoring algorithm is used to obtain estimates of the unknown parameters. You can enter the
maximum number of iterations for the algorithm in the Maximum Number of Iterations number field
if the default of 30 is not appropriate. Enter the appropriate convergence criterion for the algorithm
in the Convergence Criterion number field if the default value of 0.001 is not to be used.

The likelihood function for non-linear multilevel models is also not in closed form. Hence, the
adaptive quadrature method for numerical iteration is used to compute the value of the likelihood
function. The corresponding number of quadrature points is specified by using the Number of
Quadrature Points number field unless the default of 10 quadrature points is sufficient.
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If the raw data include missing values with a global missing value other than -999999, you need to
enter the corresponding global missing value in the Missing Data Value number field.

The Use Maximum Apriori radio button is activated by default to specify the Maximum Apriori
estimation method. If the Maximum likelihood method is desired instead, you need to select the
Use Full Maximum Likelihood radio button.

Once you are done with the Title and Options dialog box, click on the Next button to go to the ID,
Response and Fixed Variables dialog box.

The ID, Response and Fixed Variables dialog box

The ID, Response and Fixed Variables dialog box is used to specify the level-2 ID variable, the
response variable and the fixed variable in the PSF. It is accessed by clicking on the Next button of
the Title and Options dialog box or by selecting the ID, Response and Fixed Variables option on the
Non-Linear Model popup menu. An example of this dialog box follows.

1D, Response and Fixed Yariables il

“ariables in data

IRl L | Level2iD vastie

SEX I -
USETORAC << Remove — |D2:<Iabe|>,
FRIMCARE

PASTYIS

INJURY

BLODPRES

LRIME dd 3 Responze Yariable

EhoEeT ———— [ —— | RESPONSE=<label>;

<< Bemove

=RAY —_

ExERCISE

TOBACCO

WTREDUC

HUMMED

PATWT . .

REGION Add 3> Fixed Variable

RETYPOFF beee| —————— | — -
RACER << Remave [ — FIXED=<label>;
AGER —

CCTOATRA LI

<< Previous I et = I Cancel I ] 4 I
Tobuild Syntax, proceed to the Select Covariate screen and click
the Finish Button

Note that the ID, Response and Fixed Variables dialog box corresponds with the ID2, RESPONSE
and FIXED commands as indicated on the image above.

To define a level-2 ID variable, first select the desired ID variable from the Variables in data list
box and then click on the top Add button to add the variable to the Level 2 ID Variable grid box.
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The response variable is specified by first selecting the desired variable from the Variables in data
list box and then by clicking on the middle Add button to add the variable to the Response Variable
grid box.

Similarly, the fixed variable is specified by first selecting the desired variable from the variables in
data list box and then by clicking on the bottom Add button.

Once the ID, Response and Fixed Variables dialog box has been completed, click on the Next button
to access the Select Model dialog box.

The Select Model dialog box

The Select Model dialog box is used to select the functions for the first and second components of
the model. It is accessed by clicking on the Next button of the ID, Response and Fixed Variables
dialog box or by selecting the Select Model option on the Non-Linear Model popup menu. These
selections load the following dialog box.

x
— Function
Firzt Component [~ Second Component - ~
[ Lomste | Logiic MODEL=Logistic;
Gompertz | Hompertz |
P onamalecular | [ aramalecular |
Pawer | Fawer |
Exponential | Exzponential |
— Cument Maodel
Logistic
%< Previous | Mext =» I Cancel Ok
Tobuld Spntax, proceed to the Select Covariate screen and click
the Finish Button

Note that the Select Model dialog box corresponds with the MODEL command as indicated on the
image above.

The available functions are Logistic, Gompertz, Monomolecular, Power and Exponential. Logistic is
the default function for the First Component. If this is not desired, you may choose another
function by clicking on the corresponding button.
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To specify a function for the second component of the model, first check the Second Component
check box to activate all the five available function buttons and then click on the button of the
desired function name.

Once you are done with the Select Model dialog box, click on the Next button to go to the Select
Covariate for First Component dialog box.

The Select Covariate for First Component dialog box

The Select Covariate for First Component dialog box is used to specify covariates for the random
part of the model. It is accessed by clicking on the Next button of the Select Model dialog box or
by selecting the Select Covariate option on the Non-Linear Model popup menu. An example of this
dialog box follows.

Select Covariate for First Component x|

Wariables in data

i Coefficient 1 [b1
:‘Gﬂéﬁﬂ_ Add > | oefficient 1 [61]
a?éTDBAC << Hemave | \ COVARIATES

PRIMCARE
PasSTVIS

INJURSY bl=<label>
BLODPRES

URIME -
CHOLEST Add 3> | Coefficient 2 [b2] b2:< I abe I >
EKG I

R
EXERCISE 4” Fiziioes

TOBACLD
WTREDLIC
NUMMED
PATWT
REGION

RETYPOFF ~ — add |

R&CER

AGER |
CroCTODATR LI $< HEI‘nDVE
<< Previous | Finish I Cancel I QK

To build Syntax, proceed to the Select Covariate screen and click
the Finish Buttan

b3=<label>;

Coefficient 3 (b3

Note that the Select Covariate for First Component dialog box corresponds COVARIATES command
as indicated on the image above.

To specify the covariate for the first coefficient, first select the variable from the variables in data
list box and then click on the upper Add button to add the variable to the Coefficient 1 (b1) grid box.
Similarly, you can specify covariates for the second and third coefficients.

Once the covariate(s) is specified, click the Finish button to generate the text editor window for the
corresponding MULTILEV syntax file.
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Note that if a function for the second component is specified in the Select Model dialog box, a Next
button instead of Finish button is displayed on the Select Covariate for First Component dialog box.
The user needs to click on the Next button to open the Select Covariate for Second Component
dialog box and the specify covariates of the second component before generating the syntax file.

The Select Covariate for Second Component dialog box

The Select Covariate for Second Component dialog box is used to specify covariates for the second
component of the model. It is only activated if a second component model is specified, in which
case, it is accessed by clicking on the Next button of the Select Covariate for First Component
dialog box. An example of this dialog box follows.

x|

“ariables in data

VVERR | a|  add o | Coelficientdfe)

AGE I

SEX

USETORALC << Remove | COVARIATES
PRIMCARE

PASTVIS

INJURY cl=<label>
BLODPRES

URINE -

CHOLEST Lddl 5 | ICoefflmentZ [c2] c2=< I a.be I >
EKG

i [eeriere |

EXERCISE = — -
TOBACC ——+ c3=<label>;
WTREDUC

NUMMED

PATWT

REGIOM R

RETYROFF [ fdd 2> | Coefficient 3 [c3)

RACER I

AGER |

CCTOAThRA LI $< HEMDVE

<< Previous I Finizh I Cancel | Ok |

Tobuld Syntax, proceed to the Select Covanate screen and click
the Finish Button

Note that the Select Covariate for Second Component dialog box corresponds COVARIATES
command as indicated on the image above.

To specify the covariate for the first component, first select the variable from the Variables in data
list box and then click on the upper Add button to add the variable to the Coefficient 1 (c1) grid box.
Similarly, you can specify the covariates for the second and third coefficients.

Once the covariate(s) is specified, click the Finish button to generate the text editor window for the
corresponding MULTILEV syntax file.
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MULTILEV syntax files

MULTILEV syntax files for linear models

The structure of the syntax file

The MULTILEV syntax file generated by the MULTILEV GuUI for a linear model can also be created by
using the text editor of LISREL for Windows or any other text editor such as Notepad or WordPad. The
structure of the MULTILEV syntax file for a linear model follows.

OPTIONS <options>;

SY = ‘<filename>’;

ID2 = <label>;

ID3 = <label>;

WEIGHT1 = <label>;
WEIGHT?2 = <label>;
WEIGHT3 = <label>;
MISSING_DAT = <number>;
MISSING_DEP = <number>;
RESPONSE= <label(s)>;
FIXED = <label(s)>;
RANDOM1 = <label(s)>;
RANDOM2 = <label(s)>;
RANDOMS3 = <label(s)>;
TITLE = <string>;
CONTRAST = <filename>;
COV1VAL = <number(s)>;
COV2VAL = <number(s)>;
COV3VAL = <number(s)>;
COV1PAT = <pattern>;
COV2PAT = <pattern>;
COV3PAT = <pattern>;
FIXVAL = <number(s)>;
FIXPAT = < number(s)>;
DUMMY = <label>;

where <label> denotes a case sensitive variable name used in the raw data file, <label(s)> denotes a
list of one or more variable names used in the raw data file, <number> denotes a specific number,
<number(s)> denotes a list of one or more numbers, <string> represents a character string,
<filename> denotes a complete name (including the drive and folder names) of a file, <pattern> is
one of DIAG, TOEPLITZ, INTRA, MA1 or a matrix pattern (see the COV1PAT, COV2PAT and COV3PAT
command sections) and <options> denotes a list of options for the analysis (see the OPTIONS
command section).

The OPTIONS, SY, ID2, RESPONSE and FIXED commands and at least one of the RANDOML1,
RANDOM2 and RANDOM3 commands are required commands while the other commands are all
optional. The OPTIONS and Sy commands should be the first two commands respectively, but the
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other commands can be entered in any order. Except for variable labels, the contents of the syntax
file are not case-sensitive. Blank lines can be inserted in any section of the syntax file.

In the following sections, the MULTILEV commands for a linear model are discussed separately in
alphabetical order.

CONTRAST command

The CONTRAST command is used to specify the name of the text file containing information on
any contrast(s) between the fixed effects in the model to be tested. It is an optional command.

Syntax
CONTRAST = <filename>;

where <filename> denotes the complete name (including drive and folder names) of the text file
containing information on the fixed effects contrasts among fixed effects to be tested.

Example

Suppose that there are six fixed effects in a particular model, these being INTERCEPT,
GENDER, MATHS, READING, SCIENCE and WRITING.

Suppose that one wishes to test the null hypothesis

Ho :ﬂREADING _ANRITING =0
ﬂMATHS _ﬂSCIENCE =0

The null hypothesis above can also be expressed as
H,:Cp=0

0 0001 0 -1
0=| |, C=
M {0010—10}

where

and

'
B = [ﬁINTERCEPT ﬂGENDER IBMATHS ﬁREADING IHSCIENCE A/\/RITING ]
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Note that each row of C has six elements, corresponding to the six fixed effects. The first
contrast between fixed effects is specified in the first row. Since the fourth element in the first
equals 1, and the sixth element is -1, this denotes a contrast between the effects ..\, and

ANRITING )

The corresponding text file, MLEVEL.CTR, will have the following form.

QOQON

0010-1

010-10

The first row indicates the number of contrasts and the second and third rows the actual
contrasts to be tested. The corresponding CONTRAST command is

CONTRAST=C:\MLEVEL\EXAMPLES\MLEVEL.CTR,;

COV1PAT command

The coviPAT command is used to place constraints on the elements of the level-1 covariance
matrix @, . Itis an optional command.

Syntax
COV1PAT= <pattern>;

where <pattern> is either DIAG for a diagonal matrix or a diagonal matrix pattern in lower triangular
form.

Examples
COV1PAT =1
02
002
000 3
COV1PAT =1
01
001
000 1
Note

The zero entries off the diagonal indicate a covariance of zero while zero entries on the
diagonal indicate fixed level-1 variances.
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COV2PAT command

The purpose of the COV2PAT command is to impose constraints on the elements of the level-2
covariance matrix ®,, . It is an optional command.

Syntax

COV2PAT= <pattern>;

where <pattern> is one of

DIAG In this case the level-2 covariance matrix of the model will be constrained to be a
diagonal matrix.

TOEPLITZ  The level-2 covariance matrix will be constrained to be of the form of a so-called
Toeplitz matrix, that is

_7/0 i 72 ]
W Vo N
q)(2): Vo i Ve - 7o
S
L Y2 71 Yo
INTRA The level-2 covariance matrix will be constrained to have an intra-class structure,
that is
o B 5
b a p :
®,=: f «a :
B ... ... B a]
MA1 Constrains the level-2 covariance matrix to be similar to that of a time series

process of order MAL. The form of the covariance matrix will then be

y B 0 .. 0
By B o
®,=(0 B y . 0
10 0 B 7,

or a symmetric matrix pattern in lower triangular form.
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Example

COV2PAT =

NN L
oNnoO
oo

Note

The zero entries indicate the fixed values which are specified in the corresponding COV2VAL
command.

COV3PAT command

The cov3PAT command is used to impose constraints on the elements of the level-3 covariance
matrix @, and is an optional command.

Syntax

COV3PAT= <pattern>;

where <pattern> is one of

DIAG In this case the level-3 covariance matrix of the model will be constrained to be a
diagonal matrix.

TOEPLITZ  The level-3 covariance matrix will be constrained to be of the form of a so-called
Toeplitz matrix, that is

Yo 17
v N
Qoy=7. n Ve - T2
S
L Vo v 7o
INTRA The level-3 covariance matrix will be constrained to have an intra-class structure,

that is
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a p B
B a p '
@=|: B «a
. 5
LA p ol
MA1 Constrains the level-3 covariance matrix to be similar to that of a time series

process of order MAL. The form of the covariance matrix will then be

or a symmetric matrix pattern in lower triangular form.

Examples
COV3PAT =1
0
0
0
COV3PAT =1
2
4
0
COV3PAT =0
2
4
0
Note

The zero entries indicate fixed values specified in the corresponding COV3VAL command.
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COV1VAL command

The covivAL command is used to provide initial values for the elements of the level-1 covariance
matrix of the model and is an optional command.
Syntax

COV1VAL = <number(s)>;
where <number(s)> denotes a list of variances and covariances in the form of a diagonal matrix in
lower triangular form.
Example

COV1VAL = 1.00

0.00 0.85

0.00 0.00 0.78
0.00 0.00 0.00 0.99;

COV2VAL command

The purpose of the cov2vAL command is to provide initial values for the elements of the level-2
covariance matrix of the model. The COv2vAL command is optional.
Syntax

COV2VAL = <number(s)>;
where <number(s)> denotes a list of variances and covariances in the form of a lower triangular
matrix.
Example
COV2VAL = 1.00
0.32 0.85

0.63 0.62 0.78
0.19 0.00 0.25 0.99;
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COV3VAL command

The cov3vAL command is used to provide initial values for the elements of the level-3 covariance
matrix of the model and is an optional command.
Syntax

COV3VAL = <number(s)>;

where <number(s)> denotes a list of variances and covariances in the form of a lower triangular
matrix.

Example

COV3VAL = 1.00
0.32 0.85
0.63 0.62 0.78
0.19 0.00 0.25 0.99;

DUMMY command

The bumMMY command is used to create dummy variables for a categorical variable. Names for the
dummy variables are denoted by default by dummy1, dummy2, ..., dummyk, where k denotes the

number of distinct values of the categorical variable. The DuMMY command is an optional
command.

Syntax

DUMMY = <labell> PREFIX = <label2>;

where <labell> denotes the label of the categorical variable and <label2> denotes the prefix to be
used for the labels of the dummy variables if dummy1, dummy2, etc. are not desired.

Example

DUMMY = TIME PREFIX=TIM;
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FIXED command

The purpose of FIXED command is to specify the fixed effects for the model to be analyzed and is a
required command.

Syntax

FIXED = <label(s)>;
where <label(s)> denotes a list of variable labels and interaction labels (if applicable).

Examples

FIXED = intcept AGE AGESQ GENDER GENDER*AGE GENDER*AGESQ;

Note

The label intcept is used to specify an intercept term and the symbol “** is used to specify an
interaction effect.

FIXPAT command

To specify a patterned structure for the vector of fixed parameters, the FIXPAT command may be
used, with or without an additional FIXVAL command (see the FIXVAL command section). It is an
optional command.

Syntax

FIXPAT = < number(s)>;

where <number(s)> denotes a list of positive integers separated by blank spaces.

Examples

FIXPAT =00 3;
Note

The zero entries indicate fixed values specified in the corresponding FIXVAL command.
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FIXVAL command

It is also possible to provide initial values for the parameters of the fixed part of the model to be
analyzed. This may be achieved with the FIXVAL command, which allows you to provide starting
values for these parameters. The use of the FIXVAL command and the OLS = NO option of the
OPTIONS command may be particularly effective when good starting values of these parameters
are available. The FIXVAL command is optional.

Syntax

FIXVAL = <number(s)>;

where <number(s)> denotes a list of value(s) for the parameter(s) of the fixed part of the model.

Example

FIXVAL = 0.151 0.355 0.654;

ID2 command

The ID2 command is used to indicate the variable identifying the units on the second level of the
hierarchy. It is a required command for 2-level and 3-level models.

Syntax

ID2 = <label>;

where <label> denotes the label of the variable that identifies the units on level-2 of the model.

Example

ID2 = class;

ID3 command

The purpose of ID3 command is to specify the variable identifying the level-3 units of the model.
The ID3 command is required for 3-level models.

Syntax

ID3 = <label>;

where <label> denotes the label of the variable that identifies the units on level-3 of the model.

LISREL for Windows: MULTILEYV User’s Guide 22



Example

ID3 = school;

MISSING_DAT command

The MISSING_DAT command is used when missing values are present in the raw data file. The
MISSING_DAT command allows you to specify a numeric value, which will represent a missing
value on any of the variables used in the analysis. It is an optional command.

Syntax

MISSING_DAT = <number>;
where <number> denotes the global missing value in the raw data file.

Default
MISSING_DAT =-999999.0;

Note

All records with data values equal to the code specified in the MISSING_DAT command will
subsequently be removed from the analysis.

Examples

MISSING_DAT = 99;
MISSING_DAT = -998.0;
MISSING_DAT = 0;

MISSING_DEP command

The purpose of the MISSING_DEP command is to specify a code assigned to missing values on the
response variable(s) only. The consequence of using the MISSING_DEP command is that only
records with response variable values equal to the code assigned through the MISSING_DEP
command will be removed from the analysis. This command is optional.

Syntax

MISSING_DEP = <number>;

where <number> denotes the global missing value for the response variable(s).
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Default
MISSING_DEP =-999999.0;

Notes

0 The MISSING_DEP command is recommended for use in the case of a multivariate analysis.
If only one of the response variables to be used in the multivariate analysis has a missing
response, only that particular response will be considered missing while the remaining
responses will still be used.

o All records with response variable values equal to the code specified in the MISSING_DEP
command will subsequently be removed from the analysis.

Examples

MISSING_DEP = -999;
MISSING_DEP = 0;

OPTIONS command

Each MULTILEV syntax file for a linear multilevel analysis should start with an OPTIONS command.
The keywords of the OPTIONS command are used to control the estimation procedure and the
amount of output to be written at convergence of the iterative procedure. The OPTIONS command
IS a required command.

Syntax

OPTIONS <options>;
where <options> is a list of options each of which has the following syntax
<keyword> = <selection>

where <keyword> is one of ACM, Converge, CovBW, Deviance, Effects, Maxiter, Nfree, OLS, Output and
Summary and <selection> refers to a name, a number or an option.

ACM keyword

The AcM keyword is used to request the writing of the large-sample covariance matrices of the
estimators of the parameters of the fixed part and random part of the model to external text files.
The corresponding standard error estimates are equal to the square roots of the diagonal elements.
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The non-duplicated elements of these asymptotic covariance matrices are written to external text
files with the following default names:

<filename>_fixed.acm
<filename>_random.acm

where <filename> denotes the name of the MULTILEV syntax file.

Syntax

ACM = <answer>
where <answer> is one of Yes or No.

Default
ACM = No

CONVERGE Keyword

A test for convergence is made at the end of each iteration of the iterative algorithm. If the absolute
difference between the estimated parameters and their previous values are all smaller than the
convergence criterion, convergence is said to have been reached. This criterion is specified by
using the CONVERGE keyword.

Syntax

CONVERGE = <number>

where <number> denotes a real number greater than zero.

Default
CONVERGE = 0.001

COVBW keyword

The covBw keyword is used to request the writing of the within-clusters and between-clusters
matrices of the random effects to external text files. The non-duplicated elements of these matrices
are written to external text files with the following default names:

<filename> _between.cov
<filename> _within.cov

where <filename> denotes the name of the MULTILEV syntax file.
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Syntax

COVBW = <answer>

where <answer> is one of Yes or No.

Default
COVBW = No

DEVIANCE keyword
The DEVIANCE keyword is used to provide the — 2 log likelihood value as reported in a previous
analysis, in order to obtain a y° test statistic value for comparing two nested models. The »?

statistic is defined as the difference in the deviance statistics for the two models, and has as
associated degrees of freedom the difference in the number of parameters estimated in the models
compared. It must be accompanied by the NFREE keyword, which is used to indicate the number of
parameters estimated in the previous model (see the NFREE keyword section).

Syntax
DEVIANCE = <number>

where <number> is the deviance (- 2 log L) value at convergence printed to the MULTILEV output
file of the previous analysis.

EFFECTS keyword

The EFFECTS keyword is used to specify the estimation and printing of the indirect effects of
coefficients in the fixed part of the model.

Syntax

EFFECTS = <answer>

where <answer> is one of Yes or No.

Default

EFFECTS = No
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MAXITER keyword

The MAXITER keyword is used to indicate the maximum number of iterations for the iterative
algorithm.

Syntax

MAXITER = <number>

where <number> denotes a positive integer.

Default
MAXITER =10

Note

The default number of iterations should be sufficient for convergence to be reached in most cases.
If, however, a more stringent convergence criterion is used or previous experience with a particular
data set indicates slow convergence, this keyword may be used to increase the maximum number
of iterations. If, on the other hand, you wish to obtain only the OLS estimates calculated in the first
iteration, MAXITER may be set equal to 1.

NFEREE keyword
The NFREE keyword is used to denote the number of free parameters as reported in a previous
analysis, in order to obtain a y° test statistic value for comparing two nested models. The z?

statistic is defined as the difference in the deviance statistics for the two models, and has as
associated degrees of freedom the difference in the number of parameters estimated in the models
compared. It must be accompanied by the DEVIANCE keyword, which is used to provide the — 2 log
likelihood value as reported in the previous analysis (see the DEVIANCE keyword section).

Syntax

NFREE = <number>

where <number> is the number of free parameters, that is, the total number of parameters estimated
in the previous analysis, as reported in the MULTILEV output file.
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OLS keyword

oLS estimates of the fixed effects are calculated as a first step of the iterative procedure unless
otherwise specified. The OLS keyword is used to indicate whether the OLS estimates are to be
calculated during the first iteration or not.

Syntax

OLS = <answer>
where <answer> is one of Yes or No.

Default

OLS = Yes
Note

If starting values (see the FIXVAL command section) are provided, specify the OLS = No option.

OUTPUT keyword
The ouTPUT keyword determines the amount of output produced by MULTILEV.

Syntax

OUTPUT = <amount>

where <amount> iS one of STANDARD, BAYES, RESIDUAL or ALL. Details on each of these options
follow.

OUTPUT = STANDARD;

The following information is written to the default output file.

1. Input specifications as supplied by you in the MULTILEV syntax file.
2. A summary of the hierarchical structure of the raw data.

3. Details of the iterative procedure at iteration 1 and at convergence, or MAXITER if convergence
was not attained. For each iteration, aside from the first iteration, these details include the
estimates and the corresponding standard error estimates, z-values and exceedance
probabilities.

4. The covariance and correlation matrices of the random parameters on the different levels of the
model.

5. The -2 log likelihood (deviance) value at each iteration and the number of parameters
estimated.

6. The CPU time used by the iterative procedure and the writing of the required results to the
output file.
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OUTPUT = BAYES;

If OUTPUT = BAYES is specified, the standard default results are written to the output file and the
empirical Bayes estimates are written to external text file(s). The empirical Bayes estimates on
levels 2 and 3 of the model are calculated are written to the files

<filename>.ba2
<filename>.ba3

where <filename> denotes the name of the MULTILEV syntax file.

OUTPUT = RESIDUAL,;
If OUTPUT = RESIDUAL is specified, the standard default results are written to the output file. An

additional file, <filename>.res, where<filename> denotes the name of the MULTILEV syntax file, is
created, and contains the residuals as at convergence.

OUTPUT = ALL;
The standard default results are written to the MULTILEV output file, the empirical Bayes estimates

are written to external text file(s) and the residuals are written to an external text file if OUTPUT =
ALL is specified.

Default

OUTPUT = STANDARD;

SUMMARY keyword
The SUMMARY keyword is used to suppress or request the printout of the data summary table.

Syntax

SUMMARY = <answer>

where <answer> is one of Yes or No.

Default

SUMMARY = Yes
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RANDOM1 command

The RANDOM1 command is used to identify those variables whose coefficients are allowed to vary
randomly over level-1. Either RANDOM1 or RANDOM2 or both commands should be included for a
2-level model.

Syntax

RANDOM1 = <label(s) > ;

where <label(s)> denotes label(s) of the variable(s) whose coefficients are allowed to vary randomly
over level-1.

Example

RANDOM1 = intcept ;

RANDOM2 command

The purpose of the RANDOM2 command is to identify those variables whose coefficients are
allowed to vary randomly over level-2. Either RANDOM1 or RANDOM2 or both commands should
be included for a 2-level model.

Syntax

RANDOM?2 = <label(s) > ;

where <label(s)> denotes label(s) of the variable(s) whose coefficients are allowed to vary randomly
over level-2.

Example

RANDOM2 = intcept Age Agesq;
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RANDOM3 command

The RANDOM3 command is used to identify those variables whose coefficients are allowed to vary
randomly over level-3. At least 2 of the RANDOM1, RANDOM2 and RANDOM3 commands should be
included for a 3-level model.

Syntax

RANDOMS3 = <label(s) > ;

where <label(s)> denotes label(s) of the variable(s) whose coefficients are allowed to vary randomly
over level-3.

Examples

RANDOM3 = intcept;
RANDOMS3 = X1 X2 X3 X4 ;

RESPONSE command

The RESPONSE command is used to specify the response variable(s) to be used in the analysis and
is a required command.

Syntax

RESPONSE = <label(s)>;

where <label(s)> denotes a list of the label(s) of the response variable(s).

Examples

RESPONSE = Y1,
RESPONSE = Math1 Math2 Math3 Engl Eng2 Eng3;

SY command

The sy command is used to specify the PSF to be processed and is a required command.

Syntax

SY = ‘<filename>’;

where <filename> denotes the complete name (including drive and folder names) of the PSF.
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Example

SY ='C:\MLEVELEX\kanfer.psf;

Note

The drive and folder names may be omitted if the PSF and MULTILEV syntax file are in the same
folder.

TITLE command

The TITLE command allows you to provide a description for the analysis to be performed and is an
optional command.

Syntax

TITLE = <string>;
where <string> denotes a character string consisting of at most 60 characters.

Example

TITLE = Level-3 model with design weights;

WEIGHT1 command

The WEIGHT1 command is used to specify design weights for level-1 of the model. It is an
optional command.

Syntax

WEIGHT1 = <label>;

where <label> denotes the case sensitive name of the level-1 weight variable.

Example

WEIGHT1 = SPWT,
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WEIGHT2 command

The purpose of WEIGHT2 command is to specify design weights for level-2 of the model and it is
an optional command.

Syntax

WEIGHT?2 = <label>;
where <label> denotes the case sensitive name of the level-2 weight variable.

Example

WEIGHT2 = L2WT;

WEIGHT3 command

The WEIGHT3 command is used to specify design weights for level-3 of the model. It is an
optional command.

Syntax

WEIGHT3 = <label>;

where <label> denotes the case sensitive name of the level-3 weight variable.

Example

WEIGHT3 = WTL3;
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MULTILEV syntax files for non-linear models

The structure of the syntax file

The MULTILEV syntax file generated by the MULTILEV GUI for a non-linear model can also be
created by using the text editor of LISREL for Windows or any other text editor such as Notepad or
WordPad. The structure of the MULTILEV syntax file for a non-linear model follows.

OPTIONS <options>;

TITLE = <string>;

SY = ‘<filename>’;

ID2 = <label>;

RESPONSE-= <label>;

FIXED = <label>;

MODEL = <selection1> + <selection2>;

MISSING_DAT = <number>;

COVARIATES b1l = <label>
b2 = <label>
b3 = <label>
cl = <label>
c2 = <label>
c3 = <label>;

where <label> denotes a case sensitive variable name used in the raw data file, <string> represents a
character string, <filename> denotes a complete name (including the drive and folder names) of a
file, <number> denotes a specific number, both <selection1> and <selection2> are one of Logistic,
Gompertz, Monomolecular, Power Or Exponetial and <options> denotes a list of options for the analysis
(see the OPTIONS command section).

The OPTIONS, SY, ID2, RESPONSE, FIXED and MODEL commands are required while the other
commands are all optional. The OPTIONS and Sy commands should be the first two commands
respectively, but the other commands can be entered in any order. Except for variable labels, the
contents of the syntax file are not case-sensitive. Blank lines can be inserted in any section of the
syntax file.

In the following sections, the MULTILEV commands for a non-linear model are discussed separately
in alphabetical order.
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COVARIATES command

The COVARIATES command is used to specify covariates for the level-2 random coefficients. It is
an optional command.

Syntax

COVARIATES bl = <labell>
b2 = <label2>
b3 = <label3>
cl = <label4>
c2 = <label5>
c3 = <label6>;

where <labell>, <label2>, ... and <label6> denote the names of the covariates.
Examples

COVARIATES bl =age
b2 = gender;
COVARIATES bl =age
cl = gender
c2 = income;
Note

The c1, c2 and c3 keywords are only available if a second component is specified in the MODEL
command.

FIXED command

The purpose of FIXED command is to specify the fixed effect for the model to be analyzed and is a
required command.

Syntax

FIXED = <label>;

where <label> denotes the name of the variable of the fixed part of the model.

Examples

FIXED = AGE;

Note

The label intcept is used to specify an intercept.
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ID2 command

The ID2 command is used to indicate the variable identifying the units on the second level of the
hierarchy. It is a required command.

Syntax

ID2 = <label>;
where <label> denotes the label of the variable that identifies the units on level-2 of the model.
Example

ID2 = class;

MISSING_DAT command

The MISSING_DAT command is used when missing values are present in the raw data file. The
MISSING_DAT command allows you to specify a numeric value, which will represent a missing
value on any of the variables used in the analysis. It is an optional command.

Syntax

MISSING_DAT = <number>:

where <number> denotes the global missing value in the raw data file.

Default
MISSING_DAT =-999999.0;

Note

All records with data values equal to the code specified in the MISSING_DAT command will
subsequently be removed from the analysis.

Examples

MISSING_DAT = 99;
MISSING_DAT = -998.0;
MISSING_DAT = 0;
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MODEL command

The purpose of the MODEL command is to specify the non-linear functions for the component(s) of
the model. It is an optional command.

Syntax

MODEL = <selection1> + <selection2>;

where <selection1> refers to the non-linear function specified for the first component and
<selection2> denotes the non-linear function specified for the second component. Both <selection1>
and <selection2> are one of Logistic, Gompertz, Monomolecular, Power Or Exponetial.

Default

MODEL = Logistic;

Examples

MODEL = Power;
MODEL = Logistic + Gompertz;

OPTIONS command

Each MULTILEV syntax file for a non-linear multilevel analysis should start with an OPTIONS
command. The keywords of the OPTIONS command are used to control the estimation procedure
and the amount of output to be written at convergence of the iterative procedure. The OPTIONS
command is a required command.

Syntax

OPTIONS <options>;
where <options> is a list of options each of which has the following syntax
<keyword> = <selection>

where <keyword> is one of METHOD, CONVERGE, MAXITER and QUADPTS and <selection> refers
to a name, a number or an option.
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METHOD keyword

The METHOD keyword is used to specify the estimation method as either Maximum Apriori (MAP)
or Full Maximum Likelihood (ML).

Syntax

METHOD = <selection>

where <selection> is one of MAP or ML.

Default
METHOD = MAP

CONVERGE Keyword

A test for convergence is made at the end of each iteration of the iterative algorithm. If the absolute
difference between the estimated parameters and their previous values are all smaller than the
convergence criterion, convergence is said to have been reached. This criterion is specified by
using the CONVERGE keyword.

Syntax

CONVERGE = <number>
where <number> denotes a real number greater than zero.
Default

CONVERGE = 0.001

MAXITER keyword

The MAXITER keyword is used to indicate the maximum number of iterations for the iterative
algorithm.

Syntax

MAXITER = <number>

where <number> denotes a positive integer.

Default

MAXITER = 30
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Note

The default number of iterations should be sufficient for convergence to be reached in most cases.
If, however, a more stringent convergence criterion is used or previous experience with a particular
data set indicates slow convergence, this keyword may be used to increase the maximum number
of iterations.

QUADPTS keyword
The purpose of the QUADPTS keyword is to specify the number of quadrature points to be used in
the numerical integration procedure.

Syntax

QUADPTS = <number>

where <number> is the number of quadrature points.

Default

QUADPTS =10

RESPONSE command

The RESPONSE command is used to specify the response variable to be used in the analysis and is
a required command.

Syntax

RESPONSE = <label>;

where <label> denotes the label of the response variable.

Examples

RESPONSE = Y1,
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SY command

The sy command is used to specify the PSF to be processed and is a required command.

Syntax

SY = ‘<filename>’;
where <filename> denotes the complete name (including drive and folder names) of the PSF.

Example

SY = 'C:\\MLEVELEX\kanfer.psf;

Note

The drive and folder names may be omitted if the PSF and MULTILEV syntax file are in the same
folder.

TITLE command

The TITLE command allows you to provide a description for the analysis to be performed and is an
optional command.

Syntax

TITLE = <string>;
where <string> denotes a character string consisting of at most 60 characters.

Example

TITLE = Non-linear multilevel model for traffic data;
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Examples

MULTILEV fits multilevel models to multilevel data emanating from complex surveys or from
simple random sample surveys. This is accomplished by using the popup menus on the Multilevel
menu of the PSF window of LISREL for Windows and the corresponding dialog boxes. This feature is
illustrated by fitting models to both real and simulated data in the sections to follow.

Two-level analysis of mice data

In this section, we illustrate how MULTILEV may be used to explicitly recognize the hierarchical
structure of repeated measurement data. This is accomplished by fitting the following six models to
repeated weight measurements on 82 striped mice.

A variance decomposition model with random intercepts

A linear growth model with random intercepts

A linear growth model with random intercepts and slopes

A non-linear growth model with random intercepts and slopes

A non-linear growth model with random intercepts and slopes and a covariate
A model with complex variation at level-1 of the hierarchy

O O O 0O 0O O

The data

The data contain repeated measurements on 82 striped mice and were obtained from the
Department of Zoology at the University of Pretoria, South Africa (Du Toit 1979). A number of
male and female mice were released in an outdoor enclosure with nest boxes and sufficient food
and water. They were allowed to multiply freely. Occurrence of birth was recorded daily and
newborn mice were weighed weekly, from the end of the second week after birth until physical
maturity was reached. The data set consists of the weights of 42 male and 40 female mice. For
male mice, 9 repeated weight measurements are available and for the female mice 8 repeated
measurements. The data are provided as the PSF mousel.psf in the TUTORIAL subfolder. The first
portion of this PSF is shown in the following PSF window.
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i LISREL Windows Application - [MOUSE1.PSF] - |EI|5|

mﬁile Edit Daka Tranmsformation Statistics Graphs  Multilevel  SurveyGLIM  Wiew Window Help _|ﬁ||5|

| Dlcsles|m| & [w[m| 2[2| g2

W4 r n|A & X x| hERE

mouselD measlD l weight I time l timesq I gender l |

1 1.0 15.0 1.0 1.0 1.0 -

2 1.0 2.0 17.0 2.0 4.0 1.0 [

3 1.0 30 230 30 3.0 1.0

4 1.0 4.0 24.0 4.0 16.0 1.0

5 1.0 5.0 26.0 5.0 25.0 1.0

[ 1.0 6.0 3o 6.0 36.0 1.0

7 1.0 7.0 370 7.0 43.0 1.0

8 1.0 5.0 42.0 5.0 £4.0 1.0

9 1.0 3.0 46.0 3.0 81.0 1.0

10 2.0 1.0 1.0 1.0 1.0 1.0 -
Ready [ om0

The variables in the data set are:

0 mouselD denotes the mouse for which the measurement was obtained.

0 measlID is the occasion on which the measurement for the particular mouse was made.
0 weight denotes the weight (in grams) of the mouse.

0 time is the time point at which the measurement was made.

O timesq is the squared value of the time point.

O gender is the gender of the mouse.

Variance decomposition model with random intercepts

The simplest multilevel model is equivalent to a one-way ANOVA with random intercepts. Although
this model is not interesting in itself, it is useful as a preliminary step in a multilevel analysis as it
provides important information about the outcome variability at each of the levels of the hierarchy.
It may also function as a baseline model with which more sophisticated models may be compared.

Let the subscripts i and j refer to the i-th mouse and the j-th weight measurement respectively.
Using this notation, the one-way ANOVA model can be expressed as

where weight; denotes the j-th weight measurement for mouse i, S, denotes the intercept of the

fixed part of the model, uy; represents the random variation in intercepts at level-2 of the model
and g; denotes the random variation at level-1 of the model. It is assumed that uy; has mean 0 and

variance @, . The variance @ ,, may be interpreted as the “between-group” variability. Likewise,
it is assumed that e;; follows a Normal distribution with mean 0 and variance @ ;. Thus, @, may
be interpreted as the *within-group’ variability.
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Fitting the variance decomposition model with random intercepts

To fit the model above to the data in mousel.psf, we proceed as follows.

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

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

Select the Title and Options option from the Linear Model popup menu on the Multilevel
menu as shown below

O O 0O 0O O

£ LISREL for Windows - [MDUSE1.PSF] B ] S
D File Edit Data Transformation Statistics Graphs | Multilewvel SurveyGLIM  View  ‘Window  Help (=]
J lewl-mlﬂ x ||i|| ﬂlﬁl él ul [{ Linear Model Title and Options...

Generalized Linear Model *  Identification Yariables. ..

W4y MR & XX | E B

Mon-Linear Regression  # Response and Fixed Variables. ..

iden2 iden1 I weight | time | times Randor Variatles...
1 1.00 15.00 1.00 1.00 1.00 -
2 1.a0 2.0a 17.00 2.00 4.00 1.00 [
3 1.00 3.00 23.00 3.00 9.00 1.00 =
[ T

to activate the Title and Options dialog box.

0 Enter the title Variance decomposition model for mice data in the Title string box to produce the
following dialog box.

Title and Options |

Title [t asimum 70 characters):

I\u"ariance decompozition maodel for mice data

M awirnurm Mumber of lterations: |10 _:I

LConvergence Criterian: ID. oot

Missing Data Value: |-999999 Miree: I':I
Mizsing Dep Value: |-399999 Deviahce: I

W Use OLS for starting values [™ Calculate effect sizes

Additional Output
[~ Asymptotic Covariances [ Besiduals
[~ Empirical Bayes Estimates [ Mo Data Summary

[~ Between and “Within Covariance Matices

Mext > I Cancel kK

Tobuld Syntax, proceed to the R andom Yanables screen and
click the Finish Button

o0 Click on the Next button to go to the Identification Variables dialog box.
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0 Select the variable mouselD from the Variables in data list box and click on the second Add
button to produce the following dialog box.

Identification variables x|
“Wariables in data Add 55 Level 3 1D Y ariable
mouzel D = | I
meas D << Hemove
weight

e oo | Level 21D Warishle
gender I mouzelD
<< Remove

o 5 Lewel Binlematit:

< Femove I

dodd 55 Level 2w eight:

m{l

dodd 55 | Level 1 W eight:
<4 Femove | I

L4 Ele\riousl Mext > | Cancel I QK I

Tobuild Syntax, proceed to the B andom W ariables screen and
click the Finish Button

0 Click on the Next button to go to the Select Response and Fixed Variables dialog box.

0 Select the variable weight from the Variables in data list box and click on the upper Add
button to obtain the following dialog box.

Select Response and Fixed ¥ariables x|

“Wariables in data Fezponze Variables

mouzelD weight
meas| D Add >3

wieight
timeg < Bemove

timezg
gender

Fixed " ariables
v Intercept

Add >3

<< Femove

l

add 5> Create Dummies for:
<< Hemove I
<< Previous Mext > | Cancel I Ok I

The dummy variables are written to the PSF-file with default names
durnrny], durnmy2, ... Cloge the PSFfile and re-open to view these
warniables.

o0 Click on the Next button to go to the following Random Variables dialog box.
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Random Yariables

Warigbles in data

Randaom Level 1

P ——rr
movselll T M Intercept
meazlD
weight Add 2
tirne
timesq <4 Hemove
gender
Randaom Level 2
W Intercept
Add 2> |

i

<< Femove

Frandam Level 3
W | rtercent

Add 2

<< Hemove

<< Previous | Finigh I Cancel QK

Modeling error covanances [COVAPAT statement] and/or kesting
contrasts [COMTRAST statement] can be done by adding lines to
the syntax file which appears after the Finizh button iz clicked.

o0 Click on the Finish button to generate the following text editor window for mousel.pr2.

i LISREL Windows Application - [MOUSEL.PR2] O] x|
["JEle Edt oOptions Window Help == x|

| D|ez(m| % [oa[m| || S(A[2
BIUSG|====

OFTICHS OLS=YES CONVERGE=0.001000 MAXITER=10 OUTPUT=3TANDALRD : =
TITLE=Variance decomposition for mouse data; —
I¥V='C:\Program Files% lisreld?3" TUTORIALYMOUSEL.PSF';

IDE=mouseID;

RESPCNSE=weight;

FIXED=intcept:

RANDOMl=intcept:

RANDOMZ=intoept:

J 1 ; _»ﬁ'

Ready l_ W 5

0 Click the Run PRELIS button to open the text editor window for the output file mousel.out.

Discussion of results

Portions of the output file mousel.out are shown below.

In the first selection of the output file, a description of the hierarchical structure of the data is
provided as shown below.
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mousel.0UT O] =|
-
o +
| DATA SUMMARY
B e +
NUMEER OF LEVEL & TUNITS : =1
NUMEEE OF LEVEL 1 TNITS : [=1=]
Nz : 1 4 3 4 5 ] 7 5]
N1 = = =] =] =] =] 9 9
Nz H =l 10 11 1z 13 14 15 16
N1 = = =] =] =] =] =]
Nz H 17 15 13 Z0 21 ZZ 23 24
N1 =) =) =] =] =] =] =] =]
T [} FE PR e e 70 icinl =21 e el _l;l
4| ] H oA

The data summary above indicates that a total of 698 observations were obtained from 82 mice. In
addition, a summary of the number of measurements per mouse is provided. For example, for
mouse number 1 (N2: 1), there are 9 observations (N1: 9) available.

The portion of the output file that contains the estimation results for the fixed part of the model is

shown next.

mousel.0UT o] x|
Variance decomposition for mouse data =
ITERATICN NUMEER 3
o +
| FIEED PART OF MOLEL |
e +
COEFFICIENTS BEETL-HAT ATD.ERER. EZ-VALUE PR » |E
intcept Z28.63410 0.57021 50.21634 0.ooooo
e + -
| -2 LOG-LIKELIHOOD
B et e P +
DEVIANCE= -2*LOG(LIKELIHOOD) = 5425.490015929897
MNUMEER OF FEEE PARAMETERS = 3
-
S| a7

The results above indicate that ﬁo =28.63410 which is statistically significant ( p <0.000001).

The estimation results for the random part of the model are shown below.
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B mousel.0UT -1o] =l
e + =
| RANDOM PART OF MODEL |
B e e e L Lt +
LEVEL 2 TAU-HALT 3TD.ERR Z-WALTE PR > | 2]
intcept /intocept 11.32910 4.25185 2.66451 0.00771
LEVEL 1 TAT-HALT 3TD.ERR Z-VALUE PR = | Z| —I
intoept Jintcept 130.32083 7.42514 17.55130 0.oo0oo0
o
«| | vl A

It is evident from the results above that @, =11.32910 and @, =130.32083. Both these
estimates are highly significant.

An estimate of the level-2 effect (differences between the 82 mice), for example, is obtained as

11.32910
11.32910 +130.32083

=8.00%

indicating that about 8% of the total variation in the mice weights is explained by the differences
between mice.

Linear growth model with random intercepts

The variance decomposition model with random intercepts is now extended by including the
variable time as a fixed effect to obtain the following linear growth model with random intercepts

weight;; = 5, + B, x time; + U, +;

where weight; denotes the j-th weight measurement for mouse i, S, denotes the intercept of the
fixed part of the model, S, denotes the regression weight for time in the fixed part of the model,
time;; denotes the time point for the j-th weight measurement for mouse i, uy represents the
random variation in intercepts at level-2 of the model and e; denotes the random variation at level-
1 of the model. It is assumed that u,; has mean 0 and variance ®,,. The variance @, may be
interpreted as the ‘between-group” variability. Likewise, it is assumed that e; follows a Normal
distribution with mean 0 and variance ®,. Thus, ®, may be interpreted as the ‘within-group’
variability.
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Fitting the linear growth model with random intercepts

To fit the model above to the data in mousel.psf, we proceed as follows.

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

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

Select the Title and Options option from the Linear Model popup menu on the Multilevel
menu as shown below

O O 0O 0O O

£ LISREL for Windows - [MDUSE1.PSF] B ] S
D File Edit Data Transformation Statistics Graphs | Multilewvel SurveyGLIM  View  ‘Window  Help (=]
J lewl-mlﬂ x ||i|| ﬂlﬁl él ul [{ Linear Model Title and Options...

Generalized Linear Model *  Identification Yariables. ..

W4y MR & XX | E B

Mon-Linear Regression  # Response and Fixed Variables. ..

iden2 iden1 I weight | time | times Randor Variatles...
1 1.00 15.00 1.00 1.00 1.00 -
2 1.a0 2.0a 17.00 2.00 4.00 1.00 [
3 1.00 3.00 23.00 3.00 9.00 1.00 =
[ T

to activate the Title and Options dialog box.

0 Enter the title Linear growth model for mice data in the Title string box to produce the
following dialog box.

Title and Options |

Title [t asimum 70 characters):

ILinear growth model for mice datal

M awirnurm Mumber of lterations: |10 _:I

LConvergence Criterian: ID. oot

Missing Data Value: |-999999 Miree: I':I
Mizsing Dep Value: |-399999 Deviahce: I

W Use OLS for starting values [™ Calculate effect sizes

Additional Output
[~ Asymptotic Covariances [ Besiduals
[~ Empirical Bayes Estimates [ Mo Data Summary

[~ Between and “Within Covariance Matices

Mext > I Cancel kK

Tobuld Syntax, proceed to the R andom Yanables screen and
click the Finish Button

o0 Click on the Next button to go to the Identification Variables dialog box.
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0 Select the variable mouselD from the Variables in data list box and click on the second Add
button to produce the following dialog box.

Identification variables x|
“Wariables in data Add 55 Level 3 1D Y ariable
mouzel D = | I
meas D << Hemove
weight

e oo | Level 21D Warishle
gender I mouzelD
<< Remove

o 5 Lewel Binlematit:

< Femove I

dodd 55 Level 2w eight:

m{l

dodd 55 | Level 1 W eight:
<4 Femove | I

L4 Ele\riousl Mext > | Cancel I QK I

Tobuild Syntax, proceed to the B andom W ariables screen and
click the Finish Button

0 Click on the Next button to go to the Select Response and Fixed Variables dialog box.

0 Select the variable weight from the Variables in data list box and click on the upper Add
button to add the variable to the Response Variables list box.

0 Select the variable time from the Variables in data list box and click on the middle Add
button to obtain the following dialog box.

Select Response and Fixed ¥ariables x|
“Wariables in data Fezponze Variables
e ————

mauzelll weight
meas D Add 5>
wieight
timeg < Bemove
timezg
gender
Fixed " ariables
v Intercept tirme:
Add >3
<< Femove
| 3> Create Dummies for:
<< Hemove I
<< Previous I Mext > I Cancel I Ok I
The dummy variables are written to the PSF-file with default names
durnrny], durnmy2, ... Cloge the PSFfile and re-open to view these
warniables.
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0 Click on the Next button to go to the following Random Variables dialog box.

Random Yariables |

Warigbles in data Randaom Level 1
movselll T M Intercept
meazlD
weight Add 2
tire: —_—
timesq <4 Hemove
gender -

Randaom Level 2
W Intercept

Add 2> |
<< Femove |

W | rtercent

Frandam Level 3

Add 2

<< Hemove

<< Previous | Finigh I Cancel QK

Modeling error covanances [COVAPAT statement] and/or kesting
contrasts [COMTRAST statement] can be done by adding lines to
the syntax file which appears after the Finizh button iz clicked.

o0 Click on the Finish button to generate the following text editor window for mousel.pr2.

i LISREL Windows Application - [MOUSEL.PR2] O] x|

[JFie Edt Options Window Help =1 =
| DIsle|a| » %@ &3 S(B|e|
BIUSsSp====|====

OFTICNS OLS=YES CONWERGE=0.001000 MAXITER=10 OUTPUT=3TANDARD
TITLE=Variance decomposition for mouse datar

3¥='C:\Program Files)lisrels872%TUTORIALY MOUSELl.P3F';
IDZ=mouseID;

RESPCNSE=weight;

FIZED=intcept time:

RANDOMl=intcept;

RANDOMZ=intoept:
-
J 1 I

Ready [ raura 4

LI

o0 Click the Run PRELIS button to open the text editor window for the output file mousel.out.

Discussion of results

Portions of the output file mousel.out are shown below.

In the first selection of the output file a description of the hierarchical structure of the data is
provided as shown below.
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MOUSEL.OUT ==l
B + rFe
| DATA SUMMARY |
e +

NUMEER OF LEVEL 2z UNITS : az

NUMEER oF LEVEL 1 UNITS : 693

Nz 1 z 3 4 5 6 7 8

Hi 9 9 9 9 g g g 3

Nz : 9 10 11 1z 13 14 15 16

M1 9 9 9 9 g g g ]

Nz : 17 18 19 20 21 2z 23 24

™I - L=} L=} L=} L=} (=} (=} (=} =] il

4| | »

The data summary above indicates that a total of 698 observations were obtained from 82 mice. In
addition, a summary of the number of measurements per mouse is provided. For example, for
mouse number 1 (N2: 1), there are 9 observations (N1: 9) available.

The portion of the output file that contains the estimation results for the fixed part of the model is
shown next.

mousel.OUT o] x|
Linear growth model for mice datsa =
ITERATICHN NUMEER 3
e +
| FIEED PART OF MODEL |
B i +
COEFFICIENTS BETL-HAT aTD.ERE Z-WALUE PE > | Z|
intcept 9.09586 0. 60387 15. 06253 o.aoooo
time 4.09z215 0.06255 65.39103 0.0a0aa
B i + _|
| -2 LOG-LIKELIHOOD |
e +
DEVIANCE= -Z+LOG(LIKELIHOOD) = 4137.573760208256
NUMBER OF FREE PARAMETERS = 4 -
a| | H A

The results above indicate that the weight of mice increases significantly over time. More
specifically, it indicates an average gain of weight is approximately 4g for each additional time
period.

The estimation results for the random part of the model are shown below.
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[ mouse1.0UT _ ol =l
e + =
| RAWNDOM FPART OF MODEL |
F-——— +
LEVEL 2 TATU-HAT S3TD.ERR Z-VALTE PR > | Z|
intcept fintcept Z20. 69397 3.53655 5.585146 0.0ooo0
LEVEL 1 TAT-HAT 3TD.EERER Z-VALTE PR > | Z] _I
intcept fintcept 16.462588 0.93806 17.54996 0.0oo00
-
4| | H A

It is evident from the results above that &, = 20.69397 and ®, =16.46288 . Both these estimates
are highly significant.

An estimate of the level-2 effect (differences between the 82 mice), for example, is obtained as

20.69397
20.69397 +16.46288

=55.69%

indicating that about 55.69% of the total variation in the mice weights is explained by the
differences between mice.

Linear growth model with random intercepts and slopes

It is expected that the linear growth rate may vary from mouse to mouse around its mean value
instead of being fixed. The corresponding model that allows for this variation may be expressed as

weight;; = £ + B, x timej; +Ug; +Uy; x time;; +¢;

where weight;; denotes the j-th weight measurement for mouse i, S, denotes the intercept of the
fixed part of the model, S, denotes the regression weight for time in the fixed part of the model,
time;; denotes the time point for the j-th weight measurement for mouse i, up represents the
random variation in intercepts at level-2 of the model, u; denotes the random variation in slopes
for time at level-2 of the model and e; denotes the random variation at level-1 of the model. It is

assumed that u; = (U Uy )' has mean 0 and covariance matrix @, and that e; follows a Normal

distribution with mean 0 and variance @, .
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Fitting the linear growth model with random intercepts and slopes

To fit the model above to the data in mousel.psf, we proceed as follows.

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

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

Select the Title and Options option from the Linear Model popup menu on the Multilevel
menu as shown below

O O 0O O O

-lo/x]
DFiIe Edit Data Transformation Statistics  Graphs | Multilevel SurveyGLIM  View ‘Window Help _|ﬁ||5|
J Dlirs.l-wl.l xlal@l ﬂlﬁl élula Linear Model Title and Options...

Generalized Linear Model »  Identification Yariables..,

4y R &R X E B

Mon-Linear Regression  »  Response and Fixed Variables...

iden2 idenl | weight | time | times,  Random Variabes..
1 1.00 15.00 1.00 1.00 1.00 |
2 1.00 2.0a0 17.00 2.00 4.00 1.00 [
3 1.00 3.00 23.00 3.00 5.00 1.00 =l
[ o [

to activate the Title and Options dialog box.

0 Enter the title Linear growth model with a covariate for mice data in the Title string box to
produce the following dialog box.

Title and Options |

Title [t aximum 70 characters):

ILinear grawth model with a covariate for mice data

t axirnum Mumber of lterations: |10 _:l

Lonvergence Criterion: IU. oo

Migsing D ata Value: |-399999 Niree: IU
Mizsing Dep Walue: |-999999 Deviance: I

¥ Use OLS for starting values [ Calculate effect sizes

Additional Output
[ asymptotic Covariances [~ Residuals
[~ Empirical Bayes Estimates [~ Mo Data Summary

[~ Between and Within Covariance Matices

MHext > I Cancel I ak

Tobuild Syntax, proceed to the B andom W ariables screen and
click the Finish Button

0 Click on the Next button to go to the Identification Variables dialog box.
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0 Select the variable mouselD from the Variables in data list box and click on the second Add
button to produce the following dialog box.

Identification variables x|
“Wariables in data Add 55 Level 3 1D Y ariable
mouzel D = | I
meas D << Hemove
weight

e oo | Level 21D Warishle
gender I mouzelD
<< Remove

o 5 Lewel Binlematit:

< Femove I

dodd 55 Level 2w eight:

m{l

dodd 55 | Level 1 W eight:
<4 Femove | I

L4 Ele\riousl Mext > | Cancel I QK I

Tobuild Syntax, proceed to the B andom W ariables screen and
click the Finish Button

0 Click on the Next button to go to the Select Response and Fixed Variables dialog box.

0 Select the variable weight from the Variables in data list box and click on the upper Add
button to add the variable to the Response Variables list box.

0 Select the variable time from the Variables in data list box and click on the middle Add
button to obtain the following dialog box.

Select Response and Fixed ¥ariables x|
“Wariables in data Fezponze Variables
e ————

mauzelll weight
meas D Add 5>
wieight
timeg < Bemove
timezg
gender
Fixed " ariables
v Intercept tirme:
Add >3
<< Femove
| 3> Create Dummies for:
<< Hemove I
<< Previous I Mext > I Cancel I Ok I
The dummy variables are written to the PSF-file with default names
durnrny], durnmy2, ... Cloge the PSFfile and re-open to view these
warniables.
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0 Click on the Next button to go to the Random Variables dialog box.

0 Select the variable time from the Vvariables in data list box and click on the middle Add
button to obtain the following dialog box.

Random Yariables |
Warigbles in data Randaom Level 1
mouselD W Intercept
meazlD
weiiht Add »»
timesq <4 Hemove
gender
Randaom Level 2
¥ Intercept time:
Add 2> |
<< Femove |
Frandam Level 3
W | rtercent
Add 2
<< Hemove
<< Previous Finigh Cancel QK

Modeling error covanances [COVAPAT statement] and/or kesting
contrasts [COMTRAST statement] can be done by adding lines to
the syntax file which appears after the Finizh button iz clicked.

o0 Click on the Finish button to generate the following text editor window for mousel.pr2.

RI=TEY

OPTICHNS COLS=YES CONVERGE=0.001000 MAXITER=10 OUTPUT=3TANDALRD : =i
TITLE=Linear growth model with a covariate for mwice data; —
S¥='C:YProgram Filesh lisrel872% TUTCRIALY MOUSE.PSF!';

IDzZ=mous=ID;

RESPCNIE=weight:

FIXED=intcept time;

BANDOMl=intcept:

RANDOMZ=intcept Cime:

o LIL(!

o0 Click the Run PRELIS button to open the text editor window for the output file mousel.out.

Discussion of results

Portions of the output file mousel.out are shown below.

In the first selection of the output file a description of the hierarchical structure of the data is
provided as shown below.
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MOUSEL.OUT ==l
B + rFe
| DATA SUMMARY |
e +

NUMEER OF LEVEL 2z UNITS : az

NUMEER oF LEVEL 1 UNITS : 693

Nz 1 z 3 4 5 6 7 8

Hi 9 9 9 9 g g g 3

Nz : 9 10 11 1z 13 14 15 16

M1 9 9 9 9 g g g ]

Nz : 17 18 19 20 21 2z 23 24

™I - L=} L=} L=} L=} (=} (=} (=} =] il

4| | »

The data summary above indicates that a total of 698 observations were obtained from 82 mice. In
addition, a summary of the number of measurements per mouse is provided. For example, for
mouse number 1 (N2: 1), there are 9 observations (N1: 9) available.

The portion of the output file that contains the estimation results for the fixed part of the model is
shown next.

MOUSEL.OUT ] 5
-
Linear growth model with a cowvariate for mice data
ITERATICH NUMEEER 4
L e L L LT P L e et +
| FIXEDI PART OF MODEL |
o +
COEFFICIENTS EETA-HAT 3TD.ERR Z-VALTE PR > | Z]
intocept 9.20384 0.46702 19.70746 0.0ooo0
time 4.05978 0.12358 32 .585144 0.0ooo0
o + —I
| -2 LOG-LIKELIHOOD |
o e +
DEVIANCE= -2*LOG(LIKELIHOOD) = 3873.660547V8238703
NUMEER ©OF FREE PARALMETERS = ] -
A | r A

The results above indicate that the weight of mice increases significantly over time. In particular, it
indicates an average gain of weight is approximately 4g for each additional time period.

The estimation results for the random part of the model of are shown below.
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¥ MOuUSEL.OUT ] 21
o + -
| RENDOM PART OF MODEL |
o +
LEVEL 2 TAU-HAT STD.ERR I-VALUE PR > |Z|
inteept fintocept 1z.853z20 z.50949 4.57492z  0.00000
time /intecept -1.64430 0.59235 -z.77584 0.00551
time /time 1.07389 0.19582 S5.45415  0.00000
LEVEL 1 TAU-HAT STD.ERR I-VALUE PR > |Z|
intcept fintocept §.90088 0.54469 16.3412z6  0.00000
-
4| | »

The estimated total variance on level-2 follows as

&% (U, + timex u,)
= 5% (Uy) + 2x timex & (uy, Uy ) + time® x 5% (u,)

=12.85320—3.2886 x time+1.07389 x time?

We can thus express the total estimated variation on level-2 as a quadratic function of the variable
time. When time is one, an estimate of the level-2 effect (differences between the 82 mice), for
example, is obtained as

10.63849
10.63849+8.9008

=54.45%

indicating that about 54.45% of the total variation in the mice weights is explained by the
differences between mice at the first time point.

Non-linear growth model with random intercepts and slopes

In data of this nature, it is unlikely that the increase in weight measurement will be linear for all
mice over the time period concerned. A non-linear component may be introduced in the model
discussed in the previous section by adding a quadratic term to the model. The corresponding
model is given by

Weightij =Ly + f timeij + 3, x timesqij + Ug; + Uy; X timeij + Uy; X timesqij +6
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where weight;; denotes the j-th weight measurement for mouse i, £, denotes the intercept of the
fixed part of the model, S, denotes the regression weight fortime in the fixed part of the model,
time;; denotes the time point for the j-th weight measurement for mouse i, S, denotes the
regression weight fortimesq in the fixed part of the model, timesg;; denotes the squared value of
time for the j-th weight measurement for mouse i, ug; represents the random variation in intercepts
at level-2 of the model, u;; denotes the random variation in linear slopes at level-2 of the model,
Uy denotes the random variation in the nonlinear slopes at level-2 of the model and g; denotes the

random variation at level-1 of the model. It is assumed that u, =(u, U, U, )' has mean 0 and

covariance matrix @, and that e; follows a Normal distribution with mean 0 and variance ®,,.

Fitting the non-linear growth model with random intercepts and slopes

To fit model above to the data in mousel.psf, we proceed as follows.

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

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

Select the Title and Options option from the Linear Model popup menu on the Multilevel
menu as shown below

O O O O O

2 LISREL for Windows - [MDUSE1.PSF] B ] S
E! File Edit Data Transformation Statistics Graphs | Multilewel SurveyGLIM  View Window Help =1
J lewl-wl.l & ||§|| ﬂlﬁ;l 5 ula Linear Model Title and Options. ..

Generalized Linear Model »  Identification Yariables. ..

W4 MR E XX R EB

Mon-Linear Regression  *  Response and Fixed Variables, ..

iden? idenl | weight | time | times,  Random Varisblss..
1 1.00 15.00 1.00 1.00 1.00 -
2 1.00 2.00 17.00 2.00 4.00 1.00 =
3 1.00 3.00 23.00 3.00 3.00 1.00 =l
[ o [

to activate the Title and Options dialog box.
0 Enter the title Non-linear growth model for mice data in the Title string box.
0 Check the Empirical Bayes Estimates check box to produce the following dialog box.
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Title and Options |

Title [t aximum 70 characters):

INon-Iinear grawth madel for mice data

t axirnum Mumber of lterations: |10 _:l

Lonvergence Criterion: IU. oo

Migsing D ata Value: |-399999 Niree: 0
Mizsing Dep Walue: |-999999 Deviance:

¥ Use OLS for starting values [ Calculate effect sizes

|

Additional Output

[ asymptotic Covariances [~ Residuals
v E

=

[~ Mo Data Summary

[~ Between and Within Covariance Matices

MHext > I Cancel I ak

Tobuild Syntax, proceed to the B andom W ariables screen and
click the Finish Button

0 Click on the Next button to go to the Identification Variables dialog box.

0 Select the variable mouselD from the Variables in data list box and click on the second Add
button to produce the following dialog box.

Identification variables x|
“Wariables in data Add 55 Level 3 1D Y ariable
mouzel D = | I
meas D << Hemove
weight

e oo | Level 21D Warishle
gender I mouzelD
<< Remove

o 5 Lewel Binlematit:

< Femove I

dodd 55 | Level 2w eight:
<< Femove | I

dodd 55 | Level 1 W eight:
<4 Femove | I

L4 Ele\riousl Mext > | Cancel I QK I

Tobuild Syntax, proceed to the B andom W ariables screen and
click the Finish Button

0 Click on the Next button to go to the Select Response and Fixed Variables dialog box.

0 Select the variable weight from the Variables in data list box and click on the upper Add
button to add the variable to the Response Variables list box.

0 Select the variables time and timesq from the Variables in data list box and click on the
middle Add button to obtain the following dialog box.
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Select Response and Fixed ¥ariables x|

“Wariables in data Fezponze Variables
mouzelD weight
meas| D Add >3
wieight
timeg < Bemove

gender
Fixed " ariables
v Intercept tirme:
timezg
Add >3
<< Femove

add 2> Create Durmmies far:

<< Hemove I
L4 Ele\riousl Mext > I Cancel I Ok I

The dummy variables are written to the PSF-file with default names
durnrny], durnmy2, ... Cloge the PSFfile and re-open to view these

warniables.

0 Click on the Next button to go to the Random Variables dialog box.
0 Select the variables time and timesq from the Variables in data list box and click on the
middle Add button to obtain the following dialog box.

Random Yariables x|

“Wariables in data Fandom Level 1
mousel D v Intercept
meas D
weight Add >

tirme:
times << Bemove
gender

Fandom Level 2
W Intercept time:

timezg
Add 35 |
< Femove |

IV | [rtercent

Eandon Level &

Add) 2

<< Femove

<< Previous I Finizh I Cancel QK

fModeling ermor covariances [COWNPAT statement] and/or kesting
contraztz [COMTRAST statement] can be done by adding lines to
the syntax file which appears after the Finizh button iz clicked.

o0 Click on the Finish button to generate the following text editor window for mousel.pr2.
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Wrovsererz =gl x|
OFTICNS OLS=YES CONVERGE=0.001000 MAXITER=10 OUTFUT=EBALYTES :
TITLE=Non-linear growth mwodel for mwice data ;
SV='C:\Program Files'lisrelsd72)\ TUTORILLYMOUSEL.F3F';
IDZ=mouseIDl;

RESPONZE=weight;
FIZED=intcept time timesd:;
RANDOMl=intcept:
RANDOMZ=intoept time timesdg)

<|H| 3

o0 Click the Run PRELIS button to open the text editor window for the output file mousel.out.

Discussion of results

Portions of the output file mousel.out are shown below.

In the first selection of the output file a description of the hierarchical structure of the data is
provided as shown below.

MOUSEL.OUT ==l
B + ry
| DATL SUMMARY |
Fmm +

NUMEBER OF LEVEL 2 UNITS : s2

NUMEER OF LEVEL 1 UMNITS : 698

Nz : 1 z 3 4 5 & 7 g

N1 =1 =1 =1 =1 =} =} =} =

Nz : 9 10 11 1z 13 14 15 16

N1 9 9 9 9 9 9 9 9

Nz : 17 15 19 z0 z1 z2 23 z4

T . (=] (=] (=] (=] (=} (=} (=} =] T

« | »

The data summary above indicates that a total of 698 observations were obtained from 82 mice. In
addition, a summary of the number of measurements per mouse is provided. For example, for
mouse number 1 (N2: 1), there are 9 observations (N1: 9) available.

The portion of the output file that contains the estimation results for the fixed part of the model is
shown next.

LISREL for Windows: MULTILEYV User’s Guide 61



MOUSEL.OUT o] =|
a
Non-linear growth model for mice data
ITERATICH NUMEER 5
B +
| FIXED PART OF MODEL |
o +
COEFFICIENTS EETL-HALT 3TD.ERR Z-VALUE PR > | 2]
intcept 4.16213 0.45745 9.09788 0.oo0ao0
T ime 6.90560 0.30950 Z22.29058 O.0oooo
timesg -0.298629 0.0z5e80 —-10.0100% 0.0a0aa0
e e e e Lt + _I
| -2 LOG-LIKELTIHOCOD |
e +
DEVIANCE= -Z*LOG(LIKELIHOOD) = 3400.932487597544
NUMEER OF FREE FPARAMETERZ = 10
v
4 | H oA

The results above indicate that the weight of mice increases significantly over time. In addition,
this increase is quadratic.

The estimation results for the random part of the model of are shown below.

MOUSEL.OUT i ]
o +
| RANDOM PALRT OF MODEL |
F-——— +
LEVEL 2 TAU-HALT STD.ERR I-VALUE PR > |Z|
inteept finteept 11.72906 2.70296 4.33933  0.00001
time /inteept -5.86552 1.58228 -3.70699  0.00021
time /time 6.59372 1.23130 5.35509  0,00000
timesqg /inteept 0.38927 0.14067 Z.76733  0.00565
timesg /time -0.55909 0.11275 -4.95880  0.00000
timesg /timesg 0.05514 0.01124 5.17424  0,00000
LEVEL 1 TAU-HALT STD.ERR I-VALUE PR > |Z|
intoept /intocept 3.07863 0.20465 15.04328  0.00000
~|
ol M4

The total estimated variance on level-2 follows as
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&7 (U + time x u, +time? x u, )

= 5% (Uy) + time? x 5% (uy) + time” x 5% (u,) + 2x timex & (U, U, )
+2x time? x & (Ug, U, ) + 2x time® x &(u;, u,)

= D )y, +iME? x Dy, 5 +tiMe* x D )5 3 +2x timex Dy, 4
+2xtime’” x @ )3, +2x time® x 5

=11.72906 +6.59372 x time? +0.05814 x time* —11.73104 x time
+0.77854x time? —1.11818 x time®

We can thus express the total estimated variation on level-2 as a nonlinear function of the variable
time.

Non-linear growth model with random intercepts slopes and a covariate

In this example, we want to determine whether there is a significant difference between the growth
pattern of the male and female mice, as modeled in the non-linear growth model discussed
previously. This can be determined by adding the gender of the mice as covariate to the model
fitted in the previous section. The corresponding model is given by

weight;; = B, + B, x time;; + 3, x timesq; + 5 x gender;
+p3, x gender; xtime;; + S5 x gender; xtime;;

+Ug; + Uy X timeij + Uy X timesqij +€;

where weight;, denotes the j-th weight measurement for mouse i, S, denotes the intercept of the
fixed part of the model, g, denotes the regression weight fortime in the fixed part of the model,
time;; denotes the time point for the j-th weight measurement for mouse i, S, denotes the
regression weight for timesq in the fixed part of the model, timesq;; denotes the squared value of
time for the j-th weight measurement for mouse i, S, denotes the regression weight for gender in
the fixed part of the model, gender; represents gender for mouse i, 3, denotes the regression
weight for the interaction between gender and time in the fixed part of the model, gender; xtime;;
denotes the product of gender and time for the j-th weight measurement for mouse i, u,; represents
the random variation in intercepts at level-2 of the model, u; denotes the random variation in
linear slopes at level-2 of the model, u,; denotes the random variation in the nonlinear slopes at
level-2 of the model and e; denotes the random variation at level-1 of the model. It is assumed that
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u; =(uy Uy u2i)’ has mean 0 and covariance matrix ®, and that e; follows a Normal

distribution with mean 0 and variance @ .

The fact that the variable gender is a level-2 variable, thus having the same value for all level-1
observations nested within each level-2 unit, is perhaps best illustrated by rewriting the model as:

weight;; = by; +by; xtime;; +b,; x timesq;; +¢;
where

by = B, + B, x gender; +uy;
by = B, + fs % genderij + Uy,

Fitting the non-linear growth model with random intercepts slopes and a covariate

To fit the model shown above to the data in mousel.psf, the MULTILEV syntax file generated in the
previous section needs to be modified. This is accomplished as follows.

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

o Browse for the file mousel.pr2, which is generated in the previous example, in the
TUTORIAL subfolder and select it.

o Click on the open button to open the text editor window for mousel.pr2.
0 Change the TITLE command to TITLE=Non-linear growth model with a covariate for mice data;

0 Modify the FIXED command to FIXED=intcept time timesq gender gender*time gender*timesq;
to generate the following MULTILEV syntax file.

=101x|

OFTICHS COLS=YES CONVERGE=0.001000 MAXITER=10 OQOUTPUT=BAYES :
TITLE=Mon-linear growth model with & covariate for mice data;
S¥='C:\Program Filesh lisrelS872 TUTCRIALYMOUSEL.PSF' ;
IhZ=mouseIl:

REZPCONIE=weight:

FIXED=intcept time timesg gender gender¥time gender*timesdg:
RANDOMl1=intcept:

RANDOMZ=intcept time timesdg:

o
4| | »

o0 Click the Run PRELIS button to open the text editor window for the output file mousel.out.
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Discussion of results

Portions of the output file mousel.out are shown below.

In the first selection of the output file a description of the hierarchical structure of the data is
provided as shown below.

MOUSEL.OUT ==l
B + rFe
| DATA SUMMARY |
e +

NUMEER OF LEVEL 2z UNITS : az

NUMEER oF LEVEL 1 UNITS : 693

Nz 1 z 3 4 5 6 7 8

Hi 9 9 9 9 g g g 3

Nz : 9 10 11 1z 13 14 15 16

M1 9 9 9 9 g g g ]

Nz : 17 18 19 20 21 2z 23 24

™I - L=} L=} L=} L=} (=} (=} (=} =] il

4| | »

The data summary above indicates that a total of 698 observations were obtained from 82 mice. In
addition, a summary of the number of measurements per mouse is provided. For example, for
mouse number 1 (N2: 1), there are 9 observations (N1: 9) available.

The portion of the file that contains the estimation results for the fixed part of the model is shown
next.

I=IE
a
HNon-linear growth model with a covariate for mice data
ITERATICHN NUMEER 4
e +
| FIXED FPART OF MODEL |
- +
COEFFICIENTS BETL-HAT STD.ERR Z-VALUE PR > | Z|
inteept 4.19133 0.44972 9.31996 O.ooooo
time 6.57771 0.29532 Z3.Z8885 O.ooooo
timescg —-0.z9399 O.0z900 —10. 13902 O.ooooo
gender -0.51492 0.44972 -1.81207 0.06598
gender Ftime 0.87235 0.29532 Z2.95353589 0.00514
gender *timesg —0.055947 O.0z900 —-2.05057 0.040Z25 _I
e +
| -2 LOG-LIKELIHOOD |
- +
DEVIANCE= -2+LOG(LIKELIHOOD) = 3389.5383147838336
NUMBER OF FREE PARAMETERS = 13 .
| | v A

The results above indicate that the interaction effects between gender and time and gender and time
squared are both statistically significant if we use a 5% level of significance. In other words,
gender exerts a significant influence on the linear and non-linear slopes for time .

LISREL for Windows: MULTILEYV User’s Guide 65



The estimation results for the random part of the model of are shown below.

¥ MousEl.ouT ] P51
Y
- +
| RANDOM PART OF MODEL |
- +
LEVEL 2z TAU-HAT STD.ERR I-VALUE PR > |Z|
intoept /intoept 11.07339 Z.60146 4.25660  0.0000z
time Jintocept -5.16047 1.46703 -3.51763  0.00044
time S time 5.83687 1.11334 5.24265 0.00000
timesg /Sintcept 0.34138 0.13342 2Z.55735  0.01055
timesg /time -0.50761 0.10447 -4.55897  0.00000
timesy /Jtimesg 0.05464 0.01083 5.11098  0.00000
LEVEL 1 TAU-HAT STD.ERR Z-VALUE PR > |Z|
intcept /intoept 3.07544 0.20464 15.04335  0.00000
1 M A

The estimated total variance on level-2 follows as

&2 (U + time x u, +time? xu,)

= 5% (Uy) + time? x 5% (uy) + time” x 5% (u,) + 2x timex & (U, U, )
+2x time? x & (Ug, U, ) + 2x time® x &(uy, u,)

= Dy, +iME? X Dy, 5 +tiME* X D 515 3+ 2x tiMex Dy
+2xtime? x @ )3, +2x time? x 5

=11.07339+5.83687 x time” + 0.05464 x time* —10.32094 x time
+0.68272x time” —1.01522 x time®

We can thus write the estimated total variation on level-2 as a function of the variable time.
A model with complex variation at level-1 of the model of the hierarchy

In the final example of a level-2 model, the nonlinear growth model is extended to include complex
variation on both levels of the hierarchy. The term “complex variation” refers to the existence of
two or more random variables at the same level of the hierarchy. We include the variable time in
this model to illustrate such a model. The corresponding model may be expressed as

weight; = £, + B, x time;; + 3, x timesq};; + Ug; + Uy; x timey; + Uy; x timesq; + €y + €,;; x time;
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where weight;; denotes the j-th weight measurement for mouse i, A, denotes the intercept of the
fixed part of the model, S, denotes the regression weight fortime in the fixed part of the model,
time;; denotes the time point for the j-th weight measurement for mouse i, S, denotes the
regression weight for timesq in the fixed part of the model, timesq;; denotes the squared value of
time for the j-th weight measurement for mouse i, u; represents the random variation in intercepts
at level-2 of the model, u;; denotes the random variation in linear slopes at level-2 of the model,
Uy denotes the random variation in the nonlinear slopes at level-2 of the model, e,;denotes the
random intercept variation at level-1 of the model and e,; denotes the random slope variation at

level-1 of the model. It is assumed that u, =(uy U, U, )' has mean 0 and covariance matrix @,

and that e, =(ey; e,;) follows a Normal distribution with mean 0 and covariance matrix @®,,.

This change in the level-1 covariance structure implies that the estimated total variation at this
level of the model can now be expressed as:

6% (ey; +timexey;)

= Ci’(l)l,l +2xtimex qB(lm +time? x &3(1)2,2

Fitting the model with complex variation at level-1 of the hierarchy

To fit the model above to the data in mousel.psf, we proceed as follows.

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

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

Select the Title and Options option from the Linear Model popup menu on the Multilevel
menu as shown below

O O O O O

£ LISREL for Windows - [MOUSE1.PSF] - ol x|
m File Edit Data Transformation Statistics Graphs | Mulkilewel SurveyGLIM  Yiew Window Help - |ﬁl|1|
J Dlﬁul-’al.l & ||a|| ﬁlﬁl él uI [ Linear Model Title and Options. ..

Generalized Linear Model »  Identification Yariables..,

4y R &R X E B

Mon-Linear Regression  »  Response and Fixed Variables...

iden2 idenl | weight | time | times,  Random Variabes..
1 1.00 15.00 1.00 1.00 1.00 |
2 1.00 2.00 17.00 2.00 4.00 1.00 [
3 1.00 3.00 23.00 3.00 5.00 1.00 =l
[ [om 4

to activate the Title and Options dialog box.
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0 Enter the title A model with complex variation at level-1 in the Title string box.

0 Change the Maximum Number of Iterations t0 30 to obtain the following Title and Options
dialog box.

Title and Options |

Title [t aximum 70 characters):

I.& model with carples wariation at level-1

t axirnum Mumber of lterations: |30 _:l

Lonvergence Criterion: IU. oo

Migsing D ata Value: |-399999 Niree: 0
Mizsing Dep Walue: |-999999 Deviance:

¥ Use OLS for starting values [ Calculate effect sizes

|

Additional Output

[ asymptotic Covariances [~ Residuals
[~ Empirical Bayes Estimates [~ Mo Data Summary

[~ Between and Within Covariance Matices

MHext > I Cancel I ak

Tobuild Syntax, proceed to the B andom W ariables screen and
click the Finish Button

0 Click on the Next button to go to the Identification Variables dialog box.

0 Select the variable mouselD from the Variables in data list box and click on the second Add
button to produce the following dialog box.

Identification variables x|

“Wariables in data Add 55 Level 3 1D Y ariable

movzel f——— Ii
meas| D <+ Bemove

weight

e oo | Level 21D Warishle
gender I mouzelD
<< Remove

o 5 Lewel Binlematit:

< Femove I

dodd 55 | Level 2w eight:
<< Femove | I

dodd 55 | Level 1 W eight:
<4 Femove | I

L4 Ele\riousl Mext > | Cancel I QK I

Tobuild Syntax, proceed to the B andom W ariables screen and
click the Finish Button

0 Click on the Next button to go to the Select Response and Fixed Variables dialog box.
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Select the variable weight from the Variables in data list box and click on the upper Add
button to add the variable to the Response Variables list box.

Select the variables time and timesq from the Variables in data list box and click on the
middle Add button to obtain the following dialog box.

Select Response and Fixed ¥ariables x|
“Wariables in data Fezponze Variables
mouzelD weight
meas| D Add >3
wieight
< Bemove
gender
Fixed " ariables
v Intercept tirme:
timezg
Add >3
<< Femove
| 3> Create Dummies for:
<< Hemove I
<< Previous Mext > | Cancel I Ok I
The dummy variables are written to the PSF-file with default names
durnrny], durnmy2, ... Cloge the PSFfile and re-open to view these
warniables.

0 Click on the Next button to go to the Random Variables dialog box.

Select the variable time from the Variables in data list box and click on the upper Add button
to add the variable to the Random Level 1 variable list box.

Select the variables time and timesq from the Variables in data list box and click on the
middle Add button to obtain the following dialog box.

Random Yariables x|

“Wariables in data Fandom Level 1

mouselD [+ Intercept time
meas D

weight Add >

gender

Fandom Level 2
W Intercept time:

timezg
< Femove |

IV | [rtercent

Eandon Level &

Add) 2

<< Femove

<< Previous Finizh Cancel QK

fModeling ermor covariances [COWNPAT statement] and/or kesting
contraztz [COMTRAST statement] can be done by adding lines to
the syntax file which appears after the Finizh button iz clicked.
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o0 Click on the Finish button to generate the following text editor window for mousel.pr2.

TR =
OFTICNS OLS=YES CONVERGE=0.001000 MAXITER=30 OUTPUT=3TANDARD ! =
TITLE=A model with complex wariation at lewel-1:

S¥="C:\Program Filesh lisrel872% TUTORIALY MOUSEL.PSF' ;
IDZ=mou=sell:

RESPCNSE=weight;

FIXED=intcept time timesdg;

BRANDOMl=intocept time:

RANDOMZ=intocept time timesdg:
-3

4 | 3

0 Click the Run PRELIS button to open the text editor window for the output file mousel.out.

Discussion of results

Portions of the output file mousel.out are shown below.

In the first selection of the output file a description of the hierarchical structure of the data is
provided as shown below.

MOUSEL.OUT ==l
+—-————————————— + -
| DATA SUMMARY |
e +

NUMEER OF LEVEL 2z UNITS : az

NUMEER OF LEVEL 1 UNITS : 698

Nz : 1 z 3 4 5 I 7 &

M1 9 9 9 9 g g g ]

Nz : = 10 11 1z 13 14 15 16

M1 9 9 9 9 g g g ]

Nz 17 18 19 z0 21 22 23 24

T [} (=} (=} (=} (=} (=} (=} (=} [u] x

i | »

The data summary above indicates that a total of 698 observations were obtained from 82 mice. In
addition, a summary of the number of measurements per mouse is provided. For example, for
mouse number 1 (N2: 1), there are 9 observations (N1: 9) available.

The portion of the file that contains the estimation results for the fixed part of the model is shown
next.
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-inix

a
A model with complex wvariation at level-1
ITERATICH WNUMEER 16
e +
| FIXED PART OF MODEL |
e +
COEFFICIENTS BETA-HAT STD.ERR Z-VALUE PR > | Z
inteept 4.67447 0.41483 11.z2e827 0.o0oooo0
time &.55601 0.32377 Z0.34167 0.o0oooo0
timesog -0.z6114 0.0361a8 -T.Z22095 0.o0oooo0
e +
| -2 LOG-LIKELIHCOD |
- +
DEVIANCE= -Z*LOG(LIKELIHOOD) = 3714.931625445757
NUMEEE. OF FREE PARAMETERS = 1z -
4| | H A

The estimation results for the random part of the model of are shown below.

=

B + -
| RAWNDOM PART OF MODEL |
o +
LEVEL 2 TAT-HALT 3TD.ERR Z-VALUE PR = |Z
intcept Jintcept §.78969 Z.78993 3.15050 0.00163
time Jintecept -4.31318 1.67904 —-Z.56883 0.010z0
time S time S.902342 1.39225 4.25458 0.0o0o00z
timesy fintcept 0.31585 0.17401 1.81396  0.06968
timesg /time -0.55258 0.14530 -3.72595  0.00019
timesg Stimesg 0.08508 o.017z2z2 3.78032 0.0001e
LEVEL 1 TAU-HLT 3TD.ERR Z-VALUE PR = |Z
intcept Jintcept -0.30328 1.67544 -0.18070 0.85661
time Jintcept 1.01779 0.59775 1.70265 0.085a63
time S time -0.22900 0.16669 -1.37382  0.16950
-
4| | H A

The estimated total variance on level-2 follows as
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&7 (U, + time x u, +time? x u, )

= 5% (Uy) + time? x 5% (u,) + time” x 5% (u,) + 2x timex & (U, U;)
+2x time? x Uy, U, ) + 2x time® x &(u;, u,)

= D )y, +iME? x Dy 5 +tiMe* x D 13 3 +2x timex Dy
+2xtime’ x @ )3, +2x time® x )5

=8.78969 +5.92342 x time? +0.06508 x time* —8.62636 x time
+0.6313x time” —1.10516 x time®

We can thus express the estimated total variation on level-2 as a nonlinear function of the variable
time. Similarly, the estimated level-1 variation can be expressed as a quadratic function of time as

well.
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Two-level analysis of air traffic control data
The data

The data used in this example are described by Kanfer and Ackerman (1989). The data consist of
information for 141 U.S. Air Force enlisted personnel. The personnel carried out a computerized
air traffic controller task developed by Kanfer and Ackerman (1989).

The subjects were instructed to accept planes into their hold pattern and land them safely and
efficiently on one of four runways, varying in length and compass directions, according to rules
governing plane movements and landing requirements. For each subject, the success of a series of
between three and six 10-minute trials was recorded. The measurement employed was the number
of correct landings per trial. The Armed Services Vocational Battery (ASVB) was also administered
to each subject. A global measure of cognitive ability, obtained from the sum of scores on 10
subscales, is included in the data.

The data are provided as the PSF kanfer.psf in the TUTORIAL subfolder. The first portion of this
PSF is shown in the following PSF window.

el LISREL Windows Application - [KANFER.PSF] - o] =l

m File Edit Data Transformation Statistics Graphs  Muoltlevel  SurveyGlIM Wiew  Window Help =1 =l
| Dlele|m| & |m(m| sk S0
M4y n | &K Xk E R

control time I measure | ability | timesq | |

1 1.00 24.00 14216 1.00 -

2 1.00 2.00 27.00 14216 4.00 o

3 1.00 3.00 30.00 14216 5.00

4 1.00 4.00 3z.00 14216 16.00

5 1.00 5.00 35.00 14216 25.00

b 1.00 6.00 41.00 14216 36.00

7 2.00 1.00 2.00 -7.63 1.00

8 2.00 2.00 3.00 -7.63 4.00

9 2.00 3.00 9.00 -7.63 9.00

10 2.00 4.00 13.00 -7.63 16.00 &
Ready [ T

The variables in the data set are:

0 control is the identifying number of the air traffic controller.
0 time is the number of the trial (ranging from 1 to 6).
0 measure indicates the number of successful landings recorded for the trial.
O ability is the cognitive ability score (combined ASVB score).
O timesq is the squared value of the number of the trial.
Note:

Permission for Ssi to use the copyrighted raw data was provided by R. Kanfer and P.L. Ackerman,
and are from experiments reported in: Kanfer, R., and Ackerman, P.L. (1989). Motivation and
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cognitive abilities: An integrative/aptitude-treatment interaction approach to skill acquisition.
Journal of Applied Psychology. Monograph, 74, 657-690. The data remain the copyrighted property of
Ruth Kanfer and Phillip L. Ackerman. Further publication or further dissemination of these data is
not permitted without the expressed consent of the copyright owners.

Variance decomposition model with random intercepts

The simplest multilevel model is equivalent to a one-way ANOVA with random intercepts. Although
this model is not interesting in itself, it is useful as a preliminary step in a multilevel analysis as it
provides important information about the outcome variability at each of the levels of the hierarchy.
It may also function as a baseline with which more sophisticated models may be compared.

Let the subscripts i and j refer to the i-th subject and the j-th trial respectively. Using this notation,
the one-way ANOVA model can be expressed as

measure;; = [ + Ug; + €;

where measure;; denotes the number of successes recorded for the j-th trial for subject i, /3, denotes
the intercept of the fixed part of the model, u,; represents the random variation in intercepts at
level-2 of the model and e; denotes the random variation at level-1 of the model. It is assumed that
Up; has mean O and variance ®,,. The variance @, may be interpreted as the ‘between-group’
variability. Likewise, it is assumed that e; follows a Normal distribution with mean 0 and variance
@, . Thus, @, may be interpreted as the ‘within-group” variability.

Fitting the variance decompaosition model with random intercepts

To fit the model above to the data in kanfer.psf, we proceed as follows.

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

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

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

Select the Title and Options option from the Linear Model popup menu on the Multilevel
menu as shown below

O O O 0O O
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£ LISREL for Windows - [KANFER.PSF]

DFiIe Edit Data Transformation Statistics Graphs | Multilevel SurveyGLIM  View Window Help

J Dlﬁxl.’ulﬂ xl&ll ﬂl#l élula Linear Model Title and Options. ..

M4y W& XXk E

Generalized Linear Model »  Identification Yariables. ..
Mon-Linear Regression  *  Response and Fixed Variables. ..
Random Variables. ..

control I time I measure | ability | times_
1 1.00 1.00 24.00 142.16 1.00
2 1.00 2.00 27.00 142.16 4.00
3 1.00 3.00 30.00 142.16 9.00

to activate the Title and Options dialog box.

0 Enter the title Kanfer and Ackerman data: variance decomposition model in the Title string box
to produce the following dialog box.

Title and Options

Title [t asimum 70 characters):

IKanfer and Ackerman data: variance decomposition model

t axirnum Mumber of lterations: |10 _:I

Lonvergence Criterion: IU. oo

Mizsing D ata ' alue: |-999999 Mires: IIJ
Mizsing Dep Walue: |-999999 Deviance: I

W Use OLS for sharting valles [ Caleulate effect sizes

Additional Output
I~ Asymptotic Covariances [~ Besiduals
[~ Empirical Bayes Estimates [~ Mo Data Summary

[ Between and Within Covariance Matrices

MHext > I Cancel I ak

Tobuild Syntax, proceed to the B andom W ariables screen and
click the Finish Button

[
[
[
[

0 Click on the Next button to go to the Identification Variables dialog box.

o Select the variable control from the Variables in data list box and click on the second Add
button to produce the following dialog box.

LISREL for Windows: MULTILEYV User’s Guide

75



Identification rariables |

Warigbles in data Add s | Level 3 1D Wariable
control I
time << Hemove |

measure
o o7 o | Level 21D Variable
Icontrol
<4 Remove
dodd 5 Leyvel St
<< Hemove I
Sodd s Level 2 weight:
<< Hemove I
Addl>> Level 1 w/eight:
<< Hemove I
<< Previous Mext > | Cancel | QK |

To build Spntax, proceed to the B andom Variables sereen and
click the Finish Button

0 Click on the Next button to go to the Select Response and Fixed Variables dialog box.

0 Select the variable measure from the Variables in data list box and click on the upper Add
button to obtain the following dialog box.

Select Response and Fixed ¥ariables |

Warigbles in data Responze Variables
control measune
tirne: Add >
ability << Bemove
timezg
Fixed ariables
W Irtercept
Add »>
<4 Bemove
Bdd 3> Create Dummies for:
<< Femove I
<< Previous Mext > | Cancel | Ok |

The dummy vanables are wiitten ta the PSF-file with defaulk names
durmmy1, dummyZ, ... Close the PSF-file and re-open to view these
warniables.

0 Click on the Next button to go to the following Random Variables dialog box.
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Random Yariables

Warigbles in data

Randaom Level 1

P T———rr
ool 5 M Intercept
tirme:
meazune Add 2
ahility —_—
timesq <4 Hemove
Randaom Level 2
W Intercept
Add 2> |

i

<< Femove

Frandam Level 3
W | rtercent

Add 2

<< Hemove

<< Previous | Finigh I Cancel QK

Modeling error covanances [COVAPAT statement] and/or kesting
contrasts [COMTRAST statement] can be done by adding lines to
the syntax file which appears after the Finizh button iz clicked.

0 Click on the Finish button to generate the following text editor window for kanfer.pr2.

o xi

OPTIONS OLS=YES CONVERGE=0.001000 MAXITER=10 OQOUTFUT=3TANDARD :
TITLE=Eanfer and Ackerman data: variance decomposition model;
3T='C:\Program Fileshlisreld7z" TUTORIALYKANFER.P3IF':;
IDbZ=control;

RESPONSE=measure;

FIXED=intcept;

RANDOMl=intcept:

RANDOMZ =intoept:
-

. hd
1 M oA

0 Click the Run PRELIS button to open the text editor window for the output file kanfer.out.

LI

Discussion of results

Portions of the output file kanfer.out are shown below.

In the first selection of the output file, a description of the hierarchical structure of the data is
provided as shown below.
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KANFER.OUT - o] =i
-
| o +
| DATL SUMMARY |
- + [
NUMEER OF LEVEL 2 UNITS : 141
NUMEER OF LEVEL 1 UNITS : 840
Nz : 1 z 3 4 s & 7 &
N1 & & & & & & & &
Nz : ] 10 11 1z 13 14 15 16
N1 & & & & & & & &
Nz : 17 15 19 20 21 22 23 24 =
« | v A

The data summary above indicates that a total of 840 measurements scores were obtained from 141
personnel. In addition, a summary of the number of measurements per subject is provided. For
example, for subject number 1 (N2: 1), there are 6 measurements (N1: 6) available.

The portion of the output file that contains the estimation results for the fixed part of the model is

shown next.

KANFER.OUT O] x|
Eanfer and Ackerman data: variance decomposSition model -
ITERATICH NUMEEER 4

e +
| FIXED FPART OF MODEL |
e +
COEFFICIENTS BETAL-HAT 3TD.ERE. Z-VALUE PE > | Z]
intcept Z26.15105 0.a66707 39.20293 0.ooooo
e +
| -2 LOG-LIKELIHOOD | 1
B e T +
DEVIANCE= -2*LOG(LIEELIHOOD) = 6350.9145367903761
NUMEER OF FEEE PARAMETERS = 3 -
4| | v A

The results above indicate that ,ﬁo =26.15108 which is statistically significant ( p <0.000001).

The estimation results for the random part of the model are shown below.
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¥ K ANFER.DUT O] x|
e + =
| RANDOM PART OF MODEL |
o +
LEVEL 2 TAU-HAT STD.ERR I-VALUE PR > |Z|
intcept fintecept 4722948 751714 5.28280  0.00000
LEVEL 1 TAU-HAT STD.ERR I-VALUE PR > |Z| _
inteept Jinteept 92.17651 4.93041 15.69552  0.00000
-
A | vl A

It is evident from the results above that (i)(z) =47.22948 and Cf)(l) =92.17651. Both these estimates
are highly significant.

An estimate of the level-2 effect (differences between the 141 personnel), for example, is obtained
as

47.22948
47.22948 +92.17651

=33.88%

indicating that about 33.88% of the total variation is explained by the differences between
personnel.

Non-linear growth model with random intercepts and slopes

In data of this nature, it can be expected that the number of successful landings per trial may be
influenced by previous experience. In order to take this into account, we now introduce the order of
the measurements into the model. The variable time indicates the number of the trial, and timesq the
quadratic term equal to time x time. The corresponding model may be expressed as

measure;; = B, + By x time;; + B, x timesq; + Ug; + Uy; x timey; + Uy; x timesg; +¢;

where measure;; denotes the number of successful landings for the j-th trial for subject i,
f, denotes the intercept of the fixed part of the model, S, denotes the regression weight for time in
the fixed part of the model, time;; denotes the time point for the j-th trail for subject i, S, denotes
the regression weight for timesq in the fixed part of the model, timesq;; denotes the squared value
of time for the j-th trail for subject i, uy; represents the random variation in intercepts at level-2 of
the model, u; denotes the random variation in linear slopes at level-2 of the model, u,; denotes the
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random variation in the nonlinear slopes at level-2 of the model and e; denotes the random

variation at level-1 of the model. It is assumed that u; = (u; Uj; u2i)' has mean 0 and covariance

matrix @

(2 and that g; follows a Normal distribution with mean 0 and variance @

Fitting the non-linear growth model with random intercepts and slopes

To fit the model above to the data in kanfer.psf, we proceed as follows.

O O 0 O O

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

Select the PRELIS Data (*.psf) option on the Files of type drop-down list box.

Browse for the file kanfer.psf in the TUTORIAL subfolder and select it.

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

Select the Title and Options option from the Linear Model popup menu on the Multilevel
menu as shown below

£ LISREL for Windows - [KANFER.PSF]

DFiIe Edit Data Transformation Statistics Graphs | Mulbilewel SurveyGLIM  View Window Help

Title and Options. ..

=lolx|
=& x|

J leql-qlﬂ xlall ﬂl#l élula Linear Model

Generalized Linear Model

4y W& K x| E

Man-Linear Regression

»  Identification Yariables. ..
»  Response and Fixed Yariables...

control I time

1

2

3

1.00 1.00 24.00 142.16
1.00 2.00 27.00 142.16
1.00 3.00 30.00 142.16

4nn Ann Aan.nn ERLER Aronn

to activate the Title and Options dialog box.

Imeasurel ability | times_ Random Variables. .

B

1.00 ﬂ
4.00 [
5.00 =l
[ o [

@

0 Enter the title Kanfer and Ackerman data: non-linear model in the Title string box to produce

the following dialog box.
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Title and Options |

Title [t aximum 70 characters):

IKanfer and Ackerman data: non-linear model

t axirnum Mumber of lterations: |10 _:l

Lonvergence Criterion: IU. oo

Migsing D ata Value: |-399999 Niree: 0
Mizsing Dep Walue: |-999999 Deviance:

¥ Use OLS for starting values [ Calculate effect sizes

|

Additional Output

[ asymptotic Covariances [~ Residuals
[~ Empirical Bayes Estimates [~ Mo Data Summary

[~ Between and Within Covariance Matices

MHext > I Cancel I ak

Tobuild Syntax, proceed to the B andom W ariables screen and
click the Finish Button

0 Click on the Next button to go to the Identification Variables dialog box.

o0 Select the variable control from the Variables in data list box and click on the second Add
button to produce the following dialog box.

Identification variables x|
“Wariables in data Add 55 Level 3 1D Y ariable

contiol I
time << Hemove

meazune

ahility .
fimesq Add > Level 2 1D “ariable
I control
<< Remove

o 5 Lewel Binlematit:

< Femove I

dodd 55 | Level 2w eight:
<< Femove | I

dodd 55 | Level 1 W eight:
<4 Femove | I

L4 Ele\riousl Mext > | Cancel I QK I

Tobuild Syntax, proceed to the B andom W ariables screen and
click the Finish Button

0 Click on the Next button to go to the Select Response and Fixed Variables dialog box.

0 Select the variable measure from the Variables in data list box and click on the upper Add
button to add the variable measure to the Response Variables list box.

0 Select the variables time and timesq from the Variables in data list box and click on the
middle Add button to obtain the following dialog box.
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Select Response and Fixed ¥ariables x|

“ariables in data Fesmarseaikhis
cantral measue |
tirne Add 55
measune
abilitE << Bemove

Fixed " arisbles
[+ Intercept Nime
tirmesnq
Add| 55
<< Femove
add 2> Create Durmmies far:
44 Hemove I

L4 Ele\riousl Mext > I Cancel I Ok I

The dummy variables are written to the PSF-file with default names
durnrny], durnmy2, ... Cloge the PSFfile and re-open to view these

warniables.

0 Click on the Next button to go to the Random Variables dialog box.
0 Select the variables time and timesq from the Variables in data list box and click on the
middle Add button to obtain the following dialog box.

Random Yariables x|

“Wariables in data Fandom Level 1
contral v Intercept
tirne
measure Add >

ahilit ——
Ea— o

Fandom Level 2
W Intercept time:

timezg
Add 35 |
< Femove |

IV | [rtercent

Eandon Level &

Add) 2

<< Femove

<< Previous I Finizh I Cancel QK

fModeling ermor covariances [COWNPAT statement] and/or kesting
contraztz [COMTRAST statement] can be done by adding lines to
the syntax file which appears after the Finizh button iz clicked.

o0 Click on the Finish button to generate the following text editor window for kanfer.pr2.
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=

OFTICHS OLS=YES CONVERGE=0.001000 HMAXITER=10 OUTFUT=3TANDAED 1=
TITLE=Eanfer and Ackerman data: non-linear model; —
I¥='C:\Program Fileshlisreld7?3% TUTORIALY KANFEER.FSF':

IDEZ=control;

REZPONSE=measure;

FIXED=intcept time timesdg;

RANDONM1=intcept:

RANDOMZ=intcept time timesdg?

= _|LI
a| | H A

0 Click the Run PRELIS button to open the text editor window for the output file kanfer.out.

Discussion of results

Portions of the output file kanfer.out are shown below.

In the first selection of the output file, a description of the hierarchical structure of the data is
provided as shown below.

KANFER.OUT _ o] =l
-
| o +
| DATL SUMMARY |
- + 1
NUMEER OF LEVEL 2 UNITS : 141
NUMEER OF LEVEL 1 UNITS : 540
Nz : 1 z 3 4 s & 7 &
N1 : & & & & & & & &
Nz : o 10 11 1z 13 14 15 16
N1 : & & & & & & & &
Nz : 17 15 19 20 21 22 23 z4 _l;|
« | v A

The data summary above indicates that a total of 840 measurements were obtained from 141
personnel. In addition, a summary of the number of measurements per subject is provided. For
example, for subject number 1 (N2: 1), there are 6 measurements (N1: 6) available.

The portion of the file that contains the estimation results for the fixed part of the model is shown
next.
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KANFER.OUT O] x|
Kanfer and Ackerman data: non-linear model =
ITERATICH NUMEER 4

e +
| FIXED PART OF MODEL |
R e L e L P L E L et +
COEFFICIENTS EETAL-HAT 3TD.ERR Z-VALTE PR > | Z|
intcept 1.67806 0.5373435 1.92123 0.05470
time 11.48966 0.50397 22.79838 0.00o000
timesdg -1.03583 0.06141 -16.588761 0.00oo0
e + _|
| -2 LOG-LIKELIHOOD |
R e L e L P L E L et +
DEVIANCE= -2Z*LOG(LIKELIHOOD) = 5095.465854309439
NUMEER OF FREE FPARAMETERZ = 10
-
4| | H A

The results above indicate that the measurement score increases significantly over time. In
addition, this increase is quadratic.

The estimation results for the random part of the model are shown below.

KANFER.OUT O] x|
e + =
| RANDOM PART OF MODEL |
e T e e e +

LEVEL 2 TAU-HAT STD.EFR I-VALUE PR > |EZ|
intcept fintcept 77.02126 12 .98193 5.932z95  0.00000
time /intcept -z4.73085 6.50474 -3.80157  0.00014
time /time 22.66462 4.35831 5.20033  0.00000
timesg /intcept z.28771 0.76607 z.98017  0.00307
timesq /time -2.38073 0.52370 -4.54595  0.00001
timesq /timesg 0.z7z282 0.06566 4.15473  0.00003
LEVEL 1 TAU-HAT 3TD.ERR I-VALUE PR = |Z|
intcept fintecept 9.439239 0.65567 14.47823  0.00000

-

a | W A

The total estimated variance on level-2 follows as

&2 (ug + time x u, +time? x u,)

=62 (uy) + time? x 5% (uy) + time* x 5% (u,) + 2x timex & (Uy, U, )
+2x time? x & (Ug, U, ) + 2x time® x & (u;, U,

= D gy +ME? XD gy, 5 +1iME* X D )3 3+ 2x tiMex D5y
+2xtime? x @ )5, +2x time® x 4

=77.02126 +22.66462 x time” +0.27282 x time* — 49.4617 x time
+4.53542 x time” — 4.76146 x time®
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We can thus express the total estimated variation on level-2 as a nonlinear function of the variable
time. When time is one, an estimate of the level-2 effect (differences between the 141 subjects), for
example, is obtained as

50.27096
50.27096+9.49299

=84.16%

indicating that about 84.16% of the total variation in the number of successful landings is explained
by the differences between personnel at the first time point.

Non-linear growth model with random intercepts and slopes and with a covariate

Recall that the data set also includes a measure of cognitive ability (composite ASVB score) for
each of the 141 air traffic controllers, denoted by ability in kanfer.psf. We now include this variable
as a fixed effect (covariate) in the model. The corresponding model is given by

measure;; = S, + B, x time;; + 3, x timesq; + fB; x ability;; +Ug; +Uy; x time;; + Uy; x timesq; +¢;

where measure;; denotes the number of successful landings for the j-th trial for subject i,
S, denotes the intercept of the fixed part of the model, S, denotes the regression weight for time in
the fixed part of the model, time;; denotes the time point for the j-th trail for subject i, S, denotes
the regression weight fortimesq in the fixed part of the model, timesq; denotes the squared value
of time for the j-th trail for subject i, £, denotes the regression weight forability in the fixed part
of the model, ability; denotes the ability score for the j-th trail for subject i, uy; represents the
random variation in intercepts at level-2 of the model, u,; denotes the random variation in linear
slopes at level-2 of the model, u,; denotes the random variation in the nonlinear slopes at level-2 of
the model and e; denotes the random variation at level-1 of the model. It is assumed that

u; =(uy Uy u2i)’ has mean 0 and covariance matrix ®, and that e; follows a Normal
distribution with mean 0 and variance @ .
Fitting the non-linear growth model with random intercepts and slopes and with a covariate

To fit the non-linear model above to the data in kanfer.psf, we proceed as follows.

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

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

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

Select the Title and Options option from the Linear Model popup menu on the Multilevel

menu as shown below

£ LISREL for Windows - [KANFER.PSF]

DFiIe Edit Data Transformation Statistics Graphs | Multilevel SurveyGLIM  View Window Help

J leql-qlﬂ xlall ﬂl#l élula LII’|E=-E|I'I'-'1:u:|E|
Generalized Linear Model  »

Mon-Linear Regression  *  Response and Fixed Variables. ..

M4y W& XXk E

control I time Imeasurel ability | times,_

1 1.00 1.00 24.00
2 1.00 2.00 27.00
3 1.00 3.00 30.00

1nn Ann annn

Title and Options. ..

Identification Yariables...

Random Variables. ..

14216 1.00
14216 4.00
14216 9.00

ERLER 1rnn

to activate the Title and Options dialog box.

[
[
[
[

0 Enter the title Kanfer and Ackerman data: non-linear model with ability as covariate in the Title

string box to produce the following dialog box.

Title and Options

Title [t asimum 70 characters):

IKanfer and Ackerman data: non-linear model with ability az covari

M aximum Murmber of Jterations:

Lonvergence Criterion:

Mizsing D ata Value: I-SSSSSS Mfree:
Mizsing Dep Value: |-999999

W Use OLS for sharting valles

Additional Output

10 _:I
ID.DD‘I

ID
Deviance: I

[ Caleulate effect sizes

I~ Asymptotic Covariances

[~ Empirical Bayes Estimates

[~ Besiduals
[~ Mo Data Summary

[ Between and Within Covariance Matrices

MHext > I

Cancel I ak.

Tobuild Syntax, proceed to the B andom W ariables screen and

click the Finish Button

0 Click on the Next button to go to the Identification Variables dialog box.
o0 Select the variable control from the Variables in data list box and click on the second Add
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button to produce the following dialog box.
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Identification rariables |
Warigbles in data Add s Level 3 1D Wariable
time << Hemove | I
measure
o T | Level 21D Variatle
Icontrol
<4 Remove
dodd 5 Leyvel St
<< Hemove I
Sodd s Level 2 weight:
<< Hemove I
Addl>> Level 1 w/eight:
<< Hemove I
<< Previous Mext > | Cancel | QK |
To build Spntax, proceed to the B andom Variables sereen and
click the Finish Button

0 Click on the Next button to go to the Select Response and Fixed Variables dialog box.

0 Select the variable measure from the Variables in data list box and click on the upper Add
button to add the variable measure to the Response Variables list box.

o Select the variables time, timesq and ability from the Variables in data list box and click on
the middle Add button to obtain the following dialog box.

Select Response and Fixed ¥ariables |
Warigbles in data Responze Variables
control measune
tirne: Add 2>
Mmeasure
<« Berove
timezg
Fixed ariables
¥ Irtercept tirme
timesq
Add| 3> ability
<4 Bemove

Add »x

<< Femove

Create Dummies for:

st

<< Previous Mext > | Cancel | Ok |

The dummy vanables are wiitten ta the PSF-file with defaulk names
durmmy1, dummyZ, ... Close the PSF-file and re-open to view these
warniables.

0 Click on the Next button to go to the Random Variables dialog box.

o0 Select the variables time and timesq from the Variables in data list box and click on the

middle Add button to obtain the following dialog box.
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Random Yariables x|

“Wariables in data Fandom Level 1
contral v Intercept
tirne
measure Add >

ahilit ——
Ea— o

Fandom Level 2
W Intercept time:

timezg
Add 35 |
< Femove |

IV | [rtercent

Eandon Level &

Add) 2

<< Femove

<< Previous I Finizh I Cancel QK

fModeling ermor covariances [COWNPAT statement] and/or kesting
contraztz [COMTRAST statement] can be done by adding lines to
the syntax file which appears after the Finizh button iz clicked.

0 Click on the Finish button to generate the following text editor window for kanfer.pr2.

=0l

OPFTICHNS OQOLS=YES CONVERGE=0.001000 MAXTITER=10 OUTPUT=STANDALRD : 1=
TITLE=EKanfer and ALckerman data: non-linear model with ability as covariate ; =
S3¥='C:\Program Files) lisrelS872% TUTORIALY KANFER.PSF!';

IDZ=control:

RESPONSE=measure;

FIX¥ED=intcept time timesqg sbhilitwy;

RANDOMl=intocept:

BANDOMZ=intoept time timesg: -
o | _>l_l

0 Click the Run PRELIS button to open the text editor window for the output file kanfer.out.

Discussion of results

Portions of the output file kanfer.out are shown below.

In the first selection of the output file, a description of the hierarchical structure of the data is
provided as shown below.

LISREL for Windows: MULTILEYV User’s Guide 88



KANFER.OUT
| o +
| DATA SUMMARY |
e +
WUMEER OF LEVEL 2 TNITS : 141
HNUMEEER ©OF LEVEL 1 UNITS : g40
Nz : 1 z 3 q 5 &
H1 : & & & & & &
Nz : 9 10 11 1z 13 14
H1 : & & & & & &
| le : 17 15 19 z0 21 2z
4

23

(0] xI

5

5

16

5

za hd
r 4

The data summary above indicates that a total of 840 measurements were obtained from 141
personnel. In addition, a summary of the number of measurements per subject is provided. For
example, for subject number 1 (N2: 1), there are 6 measurements (N1: 6) available.

The portion of the output file that contains the estimation results for the fixed part of the model is

shown next.

KANFER.OUT ]
Eanfer and Ackerman data: non-linear model with skhility =
ITERATICN MNUMEER 4

L e L L L L P L e et +
| FIXEDI PART OF MODEL |
o +
COEFFICIENTS BEETAL-HAT ATD.ERR Z-VALUE PR > | E|
intcept 1.67596 0.758914 2.12379 0.03369
time 11.49z203 0.5035354 22 .50455 0.o00o0o00
timesg -1.03639 0.06140 -16.87917 0.00000
abhilitcy 0.03703 0.00519 7.1z2990 0.o00o0o00
o +
| —2 LOG-LIEKELIHOOD | —I
L e L L L L P L e et +
DEVIANCE= -2*LOG[(LIKELIHOOD) = 5052.791958756350
NUMEEE. ©F FREE PARAMETERS = i1
o
4| | H oA

The results above indicate that the measurement score increases significantly over time. In
addition, this increase is quadratic. Ability has significant positive effect on measure.

The estimation results for the random part of the model are shown below.
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KANFER OUT O] x|
e + -
| RANDOM PART OF MODEL |
B et +

LEVEL 2 TAU-HAT STD.ERR Z-VALUE PR > |Z|
intcept fintcept 57.269589 10.66634 5.36821 0.00000
time /intcept -2z .53400 5.99951 -3.76412  0.00017
time /time 22.66330 4.35771 5.20074  0.00000
timesg /intecept Z.094346 0.70778 Z.95321 0.00308
timesg /time -2.38017 0.52358 -4.5453z  0.00001
timesqg /timesg 0.z27273 0.08565 4.15457  0.00003
LEVEL 1 TAU-HAT STD.ERR Z-WALUE PR > |Z|
inteept Jintcept 9.49057 0.65551 14.47819  0.00000

-

« | W A

The total estimated variance on level-2 follows as

&2 (ug + time x u, +time? x u,)
= 5% (Up) +time® x 5% (u,) + time* x 5% (U,) + 2x timex & (Ug, U, )
+2x time? x & (Ug, U, ) + 2x time® x &(u;, U,)
= Dy, +ME? X Dy, 5 +tiME* x D 13 3 +2x timex Dy 4

+2x time?® (i)(Z)S,l +2x time® x &)(2)3‘2
=57.26989 + 22.66330x time® + 0.27273x time* — 45.16800 x time
+4.18892 x time® — 4.76034 x time®

We can thus express the total estimated variation on level-2 as a nonlinear function of the variable
time.
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Three-level analysis of health expenditure data

The data

The data set used here forms part of the data library of the Medical Expenditure Panel Survey
(MEPS). Collected in 1999, these data from a longitudinal national survey were used to obtain
regional and national estimates of health care use and expenditure based on the health expenditures
of a sample of U.S. civilian non-institutionalized participants. The survey sample design utilized
stratification, clustering, multiple stages of selection, and disproportionate sampling. The sample
was drawn from 143 strata, divided into 460 Psus. Information on 23,565 participants included
positive person-level weights and forms the data set used here, excluding the 1,053 participants in
the original data with zero person-level weights. Data for the first 10 participants on most of the
variables used in this section are shown in the PSF window below.

_ioix]
YARSTRI9|vARPSU99|°ERWTI99F|TOTEXP33| RACE SEX I INSCOY IRPOVC991IRPOVC992|RPO‘
1 1.00 356161 0.00 0.00 0.00 1.00 0.00 0.00 |
2 1.00 1.00 449533 420 0.00 1.00 1.00 0.00 0.00 [
3 1.00 1.00 7689.24 498 0.00 0.00 1.00 0.00 0.00
4 1.00 2.00 110E8.78 518 0.00 1.00 0.00 1.00 0.00
5 1.00 2.00 5928898 a.11 0.00 0.00 0.00 1.00 0.00
b 1.00 2.00 12651 .61 10.09 1.00 0.00 0.00 0.00 0.00
i 1.00 2.00 B156.33 B.64 1.00 1.00 0.00 0.00 0.00
8 1.00 2.00 31369 46 8.29 0.on 0.00 0.00 1.00 0.00
9 1.00 2.00 2908210 7.85 0.on 1.00 0.00 1.00 0.00
10 1.00 2.00 1447496 8.47 0.on 1.00 1.00 0.00 1.00 -
= —— T T YT T ann <an & an +hn T LIJ

The variables of interest are:

O VARSTR99 is the stratum variable (143 strata in total).
VARPSU99 is the PSU (cluster) variable (460 PSuUs in total).

O PERWT99F represents the final sample weight, with weights ranging between 307.16 and
80061.61, correcting for both non-response and adjustments to population control totals
from the Current Population Survey.

0 TOTEXP99 is the natural logarithm of the total health expenditure of a respondent in 1999,
ranging between 0 and 12.24 and representing actual expenditure of between $0 and
$206,721.

O RACE is an ethnicity indicator, with a value of 1 indicating white respondents, and O
denoting all other ethnic groups as well as respondents for which ethnicity is not known.
This variable was recoded from the original MEPS variable RACEX.

O SEX is a gender indicator, with a value of 0 indicating a male participant and 1 a female
participant; recoded from the original MEPS variable RSEX.

O INScov is an indicator of the level of insurance coverage, where 0 indicates private
coverage any time during 1999, and 1 indicates public coverage or no insurance at all
during 1999.

o
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O RPOVC991 to RPOVC995 are five indicator variables, each associated with a category of the
original MEPS variable RPOvVC99 which was constructed by dividing family income by the
applicable poverty line (selection of which depended on family size and composition),
expressed as a percentage.

Income is a variable that is often transformed using its natural logarithm. Doing so in effect causes
the impact of each additional dollar to decrease as income increases. Logarithmic transformation is
also useful in lessening the influence of outliers, as the natural logarithm of a variable is much less
sensitive to extreme observations than is the variable itself.

The original MEPS variable RPOVC99 assumed a value of 1 for a family with "high" income level
where family income was equal to or greater than 400% of the applicable poverty line, and a value
of 2 for those with a "low income" level (associated with 125% to 200% of the poverty line).
Families with "middle income", "near poor" and "negative or poor" levels of income relative to
poverty line income were coded 3, 4 and 5 respectively. For the "middle income™ category, the
ratio (as percentage) of family income to poverty line was 200% to less than 400%. In the case of
"near poor" families, the percentages ranged between 100% and 125%, and for "negative or poor",
the family income was less than 100% of the relevant poverty line. Thus, a value of 1 on the
indicator variable RPOvVC991 indicates a family with income at the "high” level, while a value of 1
on the variable RPOVC995 indicates a family with "negative or poor™ income level. The variables
RPOVC992, RPOVC993, and RPOVC994 are associated with the categories "low income", "middle
income" and "near poor" respectively.

Note that as each of the five indicator variables for categories of RPOVC99 is coded 1 if a
participant responded in that category and O otherwise, only four of the five indicator variables can
be used in a model where an intercept is included.

Regression model with random intercepts

A multilevel model does not make provision for the specification of design related variables such
as stratum or PSU. Instead, these design variables are used to define the hierarchical structure of the
data. In this example, the stratum identification variable VARSTR99 is used as the level-3 identifier
and the PsuU identification variable VARPSU99 serves to identify level-2 units (i.e., PSUS) nested
within a given stratum. We thus use the design variables to define a three-level hierarchical
structure, with participants as level-1 observations nested within PSUSs, in turn nested within strata.
While not explicitly acknowledging the survey design or offering a conventional design effect
estimate to measure the difference in estimates obtained when implementing this design compared
to estimates obtained under a simple random sample, a multilevel model offers the advantage of
estimating the variation in total health care expenditure within and between PSUs.

A general three-level regression model for a response variable y depending on a set of r
predictors x, X,,...,X, can be expressed as

Yiik = X3P T X3y Vi F X2 Wi + X2 i
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where 1=1,2,...,N denotes the level-3 units, j=1,2,...,n; the level-2 units, and k=1,2,...,n,
the level-1 units. In this context, y;, represents the response of individual k, nested within level-2
unit j and level-3 unit i. The model shown here consists of a fixed and a random part. The fixed
part of the model is represented by the vector product x, ;B , where x . is a typical row of the
design matrix of the fixed part of the model with, as elements, a subset of the r predictors. The
vector B contains the fixed, but unknown parameters to be estimated. The vector products x,,;,V; ,
Xy and x, ;e denote the random part of the model at levels 3, 2, and 1 respectively. For
example, x'(3)ijk represents a typical row of the design matrix of the random part at level 3, and v,
the vector of random level-3 coefficients to be estimated. The products x,; u;and x,;e;, Serve
the same purpose at levels 2 and 1 respectively. It is assumed that v,,v,,...,v, are independently
and identically distributed (i.i.d) with mean vector 0 and covariance matrix ®, . Similarly,

u,,u,,..u are assumed i.i.d., with mean vector 0 and covariance matrix @ and

iy

2

€j1,€;jz, .- €, are assumed i.i.d., with mean vector 0 and covariance matrix @, .

Within this hierarchical framework, the model fitted to the data uses the participant's gender,
ethnicity, type of health insurance cover, and measure of income relative to poverty level to predict
the total expenditure on health care in 1999, the latter transformed to the natural logarithm of the
actual expenses incurred.

TOTEXP99;, = B, + B, *SEX;, + B, * RACE;, + B, * INSCOV; +
B, * RPOVCO9L,, + f, *RPOVC992,, + S, *RPOVCI93,, +
B, * RPOVC994ijk + Vi + Ujo + €

where S, denotes the average expected total expenditure on health care in 1999, and g, 5,, ...,

indicate the regression weights associated with the fixed part of the model which contains the
predictor variables SEX, RACE, INSCOV and the indicator variables for categories of income
relative to the poverty level. The random part of the model is represented by v,,, u;, and e,

which denote the variation in average total health related expenditure over strata, between PSUS
(or, in other words, over PSUs nested within strata) and between participants at the lowest level of
the hierarchy respectively.

Fitting the regression model with random intercepts

To fit the 3-level model above to the data in meps2.psf, we proceed as follows.

0 Select the Open option on the File menu to load the Open dialog box.
0 Select the PRELIS Data (*.psf) option on the Files of type drop-down list box.
o Browse for the file meps2.psf in the TUTORIAL subfolder and select it.
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0 Click on the Open button to open the PSF window for meps2.psf.

0 Select the Title and Options option from the Linear Model popup menu on the Multilevel
menu as shown below

S LISREL for Windows - [meps2.psf]

DFiIe Edit Data Transformation Statistics  Graphs | Mulkilewel SurvewGLIM  Wiew ‘Window Help
Ol e x By @ % u [ Linear Model Title and Options. ..

J | | |.| | | | ﬂlj@l | | Generalized Linear Model »  Identification Yariables. ..
W4y n || E Y X E R

MWon-Linear Regression  *  Response and Fixed Yariables. .,

VARSTRO3|vARPSU99|>ERWT99F[TOTEXP3S| RACE_ Random Varisbles. ..
1 100 355161 0.00 0.00 0.00 1.00
? 1.00 100 449533 420 0.00 1.00 1.00
3 1.00 100 7689.24 493 0.00 0.00 1.00
1.00 200 1106978 518 0,00 1.00 0.00
Al
[ [

to activate the Title and Options dialog box.

0 Enter the title Weighted 3-level model for MEPS data in the Title string box to produce the
following dialog box.

Title and Options |

Title [k aximum 70 characters):
IWeighted FHewel model for MEPS data

t i Mumber of lterations: |10 _:l

LConvergence Criterion: ID.DD1

Miszing D ata alue: |-999999 Mfres: ID
Mizzing Diep Walue: I-SSSSSS Deviance: I

¥ Use OLS for starting values [ Calculate effect sizes

Additional Output

™ Asymptotic Covariances ™ Besiduals
I Empirical Bayes Estimates [~ Mo Data Summary

u Between and Within Covarance Matrices

Mext > I Cancel | oK

Tobuild Syntas, proceed to the Bandom Yariables screen and
click the Finizh Button

0 Click on the Next button to go to the Identification Variables dialog box.

0 Select the variable VARSTR99 from the Variables in data list box and click on the first Add
button to add the variable in the Level 3 ID Variable grid box.

o0 Select the variable VARPSU99 from the Variables in data list box and click on the second
Add button to add the variable in the Level 2 ID Variable grid box.

0 Select the variable PERWT99 from the Variables in data list box and click on the final Add
button to produce the following dialog box.
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Identification variables x|
Warables in data fdd 55 Lewvel 3 1D Wanable
WARSTRSS IVAHSTHSS
WARPSLSY << Bemave
foIERFEs bt o> | Level2IDVaioble
SEX IVAF! PSUS3
INSCOY << Remove |
RPOWC391
RPOYC392 .
RPOVC393 Add s> Level 3 Weight:
RPOYC394 T I
RPOYCII5 << Remave
Add sy | Lewel 2 \wieight:
<< Hemove | I
Lewvel 1 WWeight:
I FPERWT33F
<< Remaove |
<< Previous | Mext > | Cancel | Ok |
Tobuild Syntax, procesd to the Random Wariables screen and
click the Finish Button

0 Click on the Next button to go to the Select Response and Fixed Variables dialog box.

0 Select the variable TOTEXP99 from the Variables in data list box and click on the upper Add
button to add the variable TOTEXP99 to the Response Variables list box.

0 Select the variables RACE, SEX,

INSCOV, RPOVC991, RPOVC992, RPOVC993 and

RPOVC994 from the Variables in data list box and click on the middle Add button to obtain

the following dialog box.

Select Response and Fixed Yariables x|
Wariablez in data Response Variables
TOTE=P33
Aidd| =2
<< Bemove
Fixed Variables
v Intercept RACE
SEX
Aiddl 53 INSCOY
= RPOYVCS91
<< Femove RPOWC92
~—— |RPOvC392
RPOYCS94
Add v Create Dummies far:
<2< Bemove I
<¢ Previous Mest > | Cancel | ak. |
The dummy wariables are written to the PSF-file with default names
dummy, dummy?, ... Cloze the PSF-file and re-open to view these
variables.

0 Click on the Next button to go to the Random Variables dialog box.
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Random Yariables x|

“ariablez in data Random Level 1

VARSTRI ¥ Irtercept
WARPSLI33

PERWTH3F Add 5>
TOTEXP39 —
R&CE <4 Hemove
SEX ——
INSCOV

RPOVCAI Random Level 2
RPOVCI32 W Intercent —
RPOWCH33

RPOWCI34 Add >
RPOWCSHS5 _4|
<< Bemove |

¥ Intercept

Fandom Level 3

Aidd|

44 Bemove

<< Previous | Finish I Cancel QK

Modeling error covariances [COVRPAT statement] and/or testing
caontrazts [COMTRAST statement] can be done by adding lines to
the syntax file which appears after the Finish buttan iz clicked.

o0 Click on the Finish button to generate the following text editor window for meps2.pr2.

-ioix]

|OPTIONS COL3=YE3 CONVERGE=0.001000 MAXITER=10 OUTPUT=3TANDAERD ;
TITLE=Weighted 3-level model for MEP3 data:
3Y='Ci\Program Files) lisrelas) TUTORIAL\mwmep32.paf':
ID3=VARSTR99:
IDZ=VARPZU99;
WEIGHT1=PERWTSSF;
RESPCHNIE=TOTEXFS3;
FIEXED=intcept RACE 3EX IN3COV RPCVCS91 RPOVCSS9Z RPOWVCO993 RPOVCOS94:
RANDOMI=intcept:
RANDOMZ=intcept:
RANDOMI=intcept:
o

of
« | vl A

0 Click the Run PRELIS button to open the text editor window for the output file meps2.out.

-

Discussion of results

Portions of the output file meps2.out are shown below. In the first section of the output file a
description of the hierarchical structure is provided as shown below.
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= meps2.0UT
- +
NUMBEER OF LEVEL 3 UNITS : 143
NUMBEER OF LEVEL Z UNITS : 480
WNUMBEER. OF LEVEL 1 UNIT3 : 23564
IDs5 : 1 z 3 4 5
Nz H z z z z z
M1 H 29 G5 55 =14 158
IDs5 : ] 10 11 1z 13
Nz H z z z 11 z
N1 H 114 23 [3=1 408 [3=1
I3 : 17 15 19 20 21
Nz H z 5 z z z
N1 H 364 Z15 =] 44 40
ID3 : 25 28 27 28 29
Nz 3 2 2 2 2
N1 225 158 =14 25 58
A |

14

62

22

59

30

26

15

168

23

171

31

10
417

1a
59
24

151

2s_lj
tA

The data summary above indicate that a total of 143 strata, 460 PSuUs and information from 23,564
individual participants were included at levels 3, 2 and 1 of the multilevel model. This corresponds
to the survey design described earlier. In addition, a summary of the number of PSus and
participants nested within each stratum is provided. For stratum number 1 (ID3: 1), data are
available from only 29 participants nested within 2 primary sampling units (N2: 2). By contrast, for
stratum number 12 (ID3: 12), data are available from 408 participants (N1: 408) nested within 11

primary sampling units (N2: 11).

The next section of the output file contains the results of the fixed part of the model as shown

below.
= meps2.0UT
Weighted 3-level model for MEPS data
ITERATICHN NUMEEER B

B ettt +
| FIXED PART OF HMODEL |
B ettt +

COEFFICIENTS BEETA-HALT 3TD.ERER

intcept 4.39123 0.1136%9

RALCE 0.94295 0.05607

S3EX 0.91057 0.03641

INSCOV -0.6510%9 0.07545

RPOVCS91 0.35750 0.11405

RPOVC99Z -0.135832 0.104z21

RPOVCO93 0.070368 0.11a665

RPOVCS94 -0.3zZ9z9 0.14044
e +
| -2 LOG-LIKELIHOOD |
e +

DEVIANCE= -2+*LOG(LIKELIHOOD) = 115256.6155143171

NUMEBEER OF FREE PARALMETERS = 11

|

=10l x|
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The estimates are shown in the column with heading BETA-HAT, and correspond to the coefficients
Bos By ..., B, in the model specification. From the z-values and associated exceedance

probabilities, we see that the coefficients associated with gender, ethnicity and insurance coverage
type were all highly significant. Recall that a value of 1 for the ethnicity indicator variable RACE
indicated that a participant was white, with a value of 0 assigned to participants from all other
ethnic groups. The positive estimated coefficient for this variable indicates an increase of 0.94298
units in the logarithm of total health expenditure, holding all other predictors constant. Similarly,
female participants (coded "1" on the gender indicator SEX), are expected to have a total health
expenditure 0.91057 higher than male participants if all other variables are held constant. In
contrast, participants with public coverage or no coverage have a lower expected total expenditure,
as indicated by the negative estimated coefficient -0.65109.

Turning to the indicator variables associated with income relative to the poverty line income, it can
be seen that only two of the indicator variables, RPOVC991 and RPOVC994, have estimated
coefficients that are significantly different from zero at a 5% level of significance. In the case of
families with a "high" income, the estimate of 0.35750 for RPOVC991 indicates an expected
increase in expenditure, while for "near poor" families, the estimate of -0.32939 indicates an
expected decrease in expenditure, holding all other variables constant.

Estimated outcomes for different groups

To evaluate the expected effect of the measure of a family’s income to the corresponding poverty
line income, suppose that the variables RACE, SEX, and INSCOV are held at zero, as would be the
case for a nonwhite male participant with private insurance coverage. If such a participant
originates from a family with "high" income, the logarithm of total health expenditure is expected
to be

B, + B, (RPOVC991) + 4, (RPOVCI92) + A, (RPOVC993) + 3, (RPOVCI94)
= ﬂo + ﬂ4

=4.39123+0.35750

=4.74873

which translates to a projected total expenditure of e*"**"” =$115.437 . In contrast, for a participant

with similar demographic background and coverage from a "near poor" family, we obtain a
projected total expenditure of

eﬁ(} +ﬂ7

_ e4.39123—0.32929

=$58.086

The predicted total expenditure (as natural logarithm) for similar participants from "low", "middle"

or “negative or poor" families are similarly obtained by calculating e®*% | e”*% and e
respectively.

98



Predicted total health expenditure for various subgroups

_ _ Male (SEX = 0) Female (SEX = 1)

Respondents with high

o Insurance coverage: Insurance coverage:
family income ) _
(RPOVC991 = 1) Private Public/none Private Public/none

(INscov=0) (INSCOV=1) (INSCOV=0) (INSCOV =1)

Nonwhite (RACE = 0) $115 $60 $287 $150
White (RACE = 1) $296 $155 $737 $384

Respondents with near poor income (RPOVC994 = 1)

Nonwhite (RACE = 0) $58 $30 $145 $75
White (RACE = 1) $149 $78 $370 $193

In the table above, the predicted total health expenditure is given for respondents with high or near
poor family income, for each of the subpopulations formed by gender, ethnicity and insurance
coverage. For purposes of the comparison, results are expressed in U.S. dollars, rather than in the
natural logarithmic units of the outcome variable TOTEXP99. Respondents from families with high
income consistently outspend their near poor counterparts by approximately 100%, regardless of
gender, ethnicity or level of insurance coverage. In families with high income, female respondents
spent more in 1999 than their male counterparts, regardless of ethnicity. This is generally also true
for near poor respondents. It is also apparent that the total health expenditure in 1999 was higher
for respondents with private insurance than for respondents with public or no coverage, and that
white respondents spent more than respondents from other ethnic groups, regardless of gender or
the level of family income. From exploratory analyses, we know that the outcome variable
TOTEXP99 is highly skewed, with median 1999 expenditure of $ 377.41. When this is taken in
account, we can conclude that, generally speaking, white females spent more on health in 1999
than 50% of all respondents in the sample. The results for the random part of the model as shown
below.

® meps2.0UT -0 x|
N
LEVEL 3 TALT-HAT 3TD.ERR Z-WALTUE PR > |Z]
intcept Sinteoept 0.07305 0.02549 Z.56353 0.01036
LEVEL & TALT-HAT 3TD.EER EZ-VWALTE PR > | Z]
intcept fintcept 0.17706 0.03663 4.53310 0.00000
LEVEL 1 TAU-HAT ITD.ERR Z-VALUE PE = | 2]
intcept Sintcept T.00828 0.19563 35.81370 0.o0000
-
« | b4
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There is significant variation in the average estimated total health expenditure at all levels, with the
most variation over the participants (level-1), and the least variation over strata (level-3).

An estimate of the level-2 cluster effect, for example, is obtained as

0.17706

x100% =2.41%
0.07305+0.17706 + 7.00628

indicating that only 2.41% of the total variance explained is at level-2 of the model.
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Three-level analysis of simulated data

Unlike real data sets, simulated data sets have the advantage that the true population parameters are
known. Consequently, it is possible to evaluate how closely particular estimates approaches these
values.

The data

It is assumed that the level-3 units are institutions. Within each of 100 institutions, 10 patients are
selected on the basis of their initial achievement in a test of short term memory (Scorel) and
measurements were repeated over six time intervals for five patients from each institution and over
4 time intervals for the remaining 5. In the table below, (weight3) shows the level-3 weight
calculations based on standardized initial scores.

Interval Lower Upper % Expected % Selected Weight3
1 -Inf -1.00 15.87 10.00 1.587
2 -1.00 -0.70 8.33 10.00 0.833
3 -0.70 -0.20 17.88 10.00 1.788
4 -0.20 0.00 7.93 10.00 0.793
5 0.00 0.30 11.79 10.00 1.179
6 0.30 1.00 22.34 10.00 2.234
7 1.00 1.30 6.19 10.00 0.619
8 1.30 1.80 6.09 10.00 0.609
9 1.80 2.30 2.52 10.00 0.252
10 2.30 Inf 1.07 10.00 0.107

Ten patients were selected from each institution as follows:
o Four from ethnic group 1 with weight2 = 7.0/4.0
0 Three from ethnic group 2 with weight2 = 2.0/3.0

0 Three from ethnic group 3 with weight2 = 1.0/3.0

The first 10 records of the corresponding dataset in surveyhim.psf in the TUTORIAL subfolder are
shown below.
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_inix]
Institut Patient Score Time Langl Lang2 | WT3 | WT2 I |
1 1.00 -1.84 0.00 0.00 0.00 154 1.75 -
2 1.00 1.00 -0.89 1.00 0.00 0.00 154 1.78 o
3 1.00 1.00 -1.21 2.00 0.00 0.00 154 1.75
4 1.00 1.00 -3.24 3.00 0.00 0.00 154 1.75
5 1.00 1.00 -1.16 4.00 0.00 0.00 154 1.75
b 1.00 1.00 -1.30 5.00 0.00 0.00 154 1.75
7 1.00 2.00 -0.07 0.00 0.00 0.00 154 1.75
8 1.00 2.00 2.99 1.00 0.00 0.00 154 1.75
9 1.00 2.00 0.92 2.00 0.00 0.00 154 1.75
10 1.00 2.00 363 3.00 0.00 0.00 154 1.78 B

Note that the data were simulated in such a way that odd-numbered patients have six score
measurements at time points 0, 1, 2, 3, 4, 5. The even-numbered patients have only four score
measurements.

Linear growth model with random intercepts and slopes and a covariate

The hypothetical model is given by

Scorey, = B, + B, * Timey, +y, *Langl, +y, * Lang2;,

+Vio + Tlmeijk #V,y + U + Tlmeijk * Ugsy + €4

where i denotes institution i, (i = 1, 2, ..., 100), ij patient j (j =1, 2, ..., 10) in institution i and ijk
the k-th measurement (k = 1, 2, ..., 6) on patient j in institution i. The outcome variable Score
denotes a patient’s measurement on some test of interest, Time the time of measurement, and Langl
and Lang2 are indicator variables indicating a patient’s first or home language as being English or
another language, £, denotes the average expected score, while g, indicates the estimated
coefficients associated with the time of measurement as represented by the fixed effect Time. The
fixed part of the model also includes the predictor variables Langl and Lang2. The random part of
the model is represented by v,y, u;, and g , which denote the variation in score over institutions,

between patients (or, in other words, over patients nested within institutions) and between
measurements at the lowest level of the hierarchy respectively.

The data were simulated under the assumption that
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(W)l (2)-(5)

1
@, = COV(uijO’uijl) - (O 30 2)

1
@, = Cov(V,y,V;y) :(0 3 0 2]

and
o’ =var(e; )=10.

Fitting the linear growth model with random intercepts and slopes and a covariate

To fit the 3-level model above to the data in surveyhim.psf, we proceed as follows.

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

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

Select the Title and Options option from the Linear Model popup menu on the Multilevel
menu as shown below

O O O O O

f5i LISREL for Windows - [surveyhlm.psf] - |EI|5|

DFiIe Edit Data Transformation  Statistics  Graphs | Mulblesel  SureeyGLIM Wiew  Window  Help _Iﬂlﬂ
Ol e Fl =Y =5 E Linear Model Title and Opkions, ..

J | | |.| | | | ﬂlﬁjl | | Generalized Linear Model »  Identification Variables. ..
LR R g

Mon-Linear Regression » Response and Fixed Yariables, .

School | Student | Score | Time | Lang_ Pandom Variables.. WT2
1 1.00 -1.84 0.00 0.00 0.00 159 =
2 1.00 1.00 -0.89 1.00 0.00 0.00 159 i
3 1.00 1.00 -1.21 2.00 0.00 0.00 159 i
1.00 1.00 -3.24 3.00 0.00 0.00 159 1
Kl LlJ
T N

to activate the Title and Options dialog box.

0 Enter the title 3-level model with design weights in the Title string box to produce the
following dialog box.
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Title [Mazimum 70 characters):

level-3 rodel with design weights

Mairurn Murber of [terations: |20 _I

LConvergence Critenion: ID.DD1

Mizsing Diata Y alue: |-999999 Miree: ID
Mizsing Dep Walue: |-999999 Deviance: I

¥ Usze OLS for starting values [" Calculate effect sizes

Additional Output

[~ Asymptotic Covariances [ Residuals
[~ Empirical Bayes E stimates [~ Ma Data Summary

[™ Between and ‘Within Covariance Matices

Mest s> I Cancel | QK

Tobuild Syntax, proceed to the R andom % anables screen and
click the Finizh Buttan

0 Click on the Next button to go to the Identification Variables dialog box.

0 Select the variable Institute from the Variables in data list box and click on the first Add
button to add the variable in the Level 3 ID Variable grid box.

0 Select the variable Patient from the Variables in data list box and click on the second Add
button to add the variable in the Level 2 ID Vvariable grid box.

0 Select the variable wT3 from the Variables in data list box and click on the third Add button
to add the variable in the Level 3 Weight grid box.

0 Select the variable wT2 from the Variables in data list box and click on the fourth Add
button to produce the following dialog box.

Identification variables x|
“ariablez in data Add 5 | Level 3 [D Wanable

| ngtitut I I rstituat
P atiert << Remave |
Score
e st oo | Level21D Yariable
Lang2 = IF'atient
W3 << Remove
Add s Level 3'wWeight:
WT3
<< Remove
Sddl Lewvel 2 'weight:
WT2
<< Remove
Add 55 Lewel 1 'weight:
<< Hemove I
<< Previous Mest | Cancel | QK |

Tobuld Syntax, proceed to the Random Yarniables screen and
click the Finish Buttan
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0 Click on the Next button to go to the Select Response and Fixed Variables dialog box.

0 Select the variable Score from the Vvariables in data list box and click on the upper Add
button to add the variable Score to the Response Variables list box.

0 Select the variables Time, Langl and Lang2 from the Variables in data list box and click on
the middle Add button to obtain the following dialog box.

Select Response and Fized ¥ariables x|
“ariablez in data Responze Wanables
| ngtitut Sicore
Patient Add| =3
Score
Time <% Hemove
Langl
L.aan
W3
W2 Fized Variables
v Irtercent Time
Lang1
Add 5 Lang2
<4 Bemove
Add 5> Create Dummies for:
<< Remove I
<< Previous Mest | Cancel | QK. |

The dummy variables are written to the PSF-file with default names
dummy, dummy?, ... Cloze the PSF-file and re-open to view these
warnables.

0 Click on the Next button to go to the Random Variables dialog box.

o Select the variable Time from the Variables in data list box and click on the middle Add
button to add the variable Time to the Random Level 2 list box.

o Select the variables Time from the Variables in data list box and click on the lower Add
button to obtain the following dialog box.
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Random Yariables |

Wariablez in data R andorn Level 1

Institut ¥ Intercept
Patient

Score Add >
—
Langl << Bemove
Lang2 e
w;g Random Level 2

v Intercept Time

Aidd >

<& Bemove

i

Fiandom Lewvel 3
v Intercept Time

Add 2

i

<2< Bemove

<<Erevi0us| Einizh | Cancel | 0K

todeling error covariances [COWVRPAT statement] and/or testing
contrazts [COMTRAST statemnent] can be done by adding lines to
the syntax file which appears after the Finish buttan iz clicked.

0 Click on the Finish button to generate the following text editor window for surveyhim.pr2.

-ioix

QPTICNS CLS=YEZ CONVERGE=0.001000 MAXITER=10 OUTPUT=3TAMNDARD : =
TITLE=3-lewvel model with design weight ; —
S¥='C:\Program Files' lisrelss’ TUTORIALSsurvevhlm.pst':

ID3=Institut;

IDZ=Fatient;

WEIGHT3=WT3;

WEIGHTZ=WTZ;

REZPONSE=2core;

FIXED=intcept Time Langl Lang2:

RANDOMl=intcept:

RANDOMZ=intecept Time:

RANDOMI=intcept Time:

-8 -
4 | M A

0 Click the Run PRELIS button to open the text editor window for the output file
surveyhlm.out.

Discussion of results

Portions of the output file meps2.out are shown below. In the first section of the output file a
description of the hierarchical structure is provided as shown below.
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surveyhlm.OuUT

B e C e +

| DATA SUMMARY |

e +
WNUMEER OF LEWEL 3 UNITSZ : 100
MNUMEEER. OF LEWEL & UNITS : 1000
MNUMEEER. ©OF LEWEL 1 UNITS : 5000
ID3 = 1 Z 3 4 ) 5] 7
Nz H i0 10 10 10 io0 10 10
N1 50 50 50 50 50 50 50
ID3 = =] 10 11 iz 13 14 15
Nz H i0 10 10 10 i0 10 10

o - -- — - —- -- —

o ] ]
5
10
50
16
10 =

The data summary above indicate that 5000 observations of 1000 patients from 100 institute are
simulated. In addition, a summary of the number of patients nested within each institute is
provided. It shows that there are 10 patients (N2: 10) for each of the 100 IDs. And data are

available from 50 observations (N1: 50) nested within 10 patients.

The next section of the output file contains the results of the fixed part of the model as shown

below.
B surveyhim.OUT
lewel-3 model with design weights
ITERATICH NUMEER 4
o +
| FIXED PART OF MODEL |
B e L e +
COEFFICIENTS BEETA-HALT 3TD.ERER Z-WALLUE
intoept 0.92865 0.11624 7.98895
Time 0.51411 0.04700 10.93934
Langl 0.39340 0.10185 3.86158
Lang2 -1.03430 0.1z2625 -5.19033
o +
| -2 LOG-LIEELIHOOD |
B e L e +
DEVIANCE= -2*LOG(LIKELIHOOD) = Z202%1.45600144901
NUMBER OF FREE PARAMETERS = 11
CHI-SQUARE 3CALE FACTOR = 0.a5005
4 |

_1ol x|

=
FR > | Z]
0.00000
0.00000
0.00011

0.00000 |

o

Pl 4

Recall that the "true" values of the intcept, Time, Langl and Lang2 parameters were 1.0, 0.5, 0.5, and
-1.0 respectively. To obtain 95% confidence intervals for these estimates, we calculate

estimate +1.96(standard error estimate)
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and find that the confidence intervals for the estimated intcept, Time, Langl and Lang2 parameters
are (0.7009; 1.1565), (0.4220; 0.6062), (0.1937; 0.5931) and (-1.2818; -0.7868) respectively. In all
four cases, the confidence intervals include the "true” values of corresponding parameter.

Note that a »° scale factor of 0.68008 is reported. This value is used to obtain a corrected y°-
statistic for testing one model against another model.

The output for the random part of the model is given next.

B surveyhim.OUT oy ] 54
-

LEVEL 3 TAU-HAT 3TD.ERR Z-VALUE FE = | 2]
intcept finteept 0.93174 0.16915 5.50524 0.0o0ooo0
Time fintoept 0.25565 0.06072 4.21048 0.00003
Time /A Time 0.17510 0.03408 5.13730 0.o0oo0
LEVEL Z TAU-HAT 3TD.ERER I-VALUE FE > | Z|
intoept fintocept 0.96301 0.12059 7.98585 0.0o0ooo0
Time fintoept 0.36079 0.04117 8.76381 0.o0oo0
Time / Time 0.z003%9 o.0zz207 9.07935 0.o0oao0 _I
LEVEL 1 TAU-HAT 3TD.ERR I-VALUE PR > | Z|
intcept /intoept 1.0z23z26 0.06542 15. 64041 0.o0oao0

| _>l_i

Note that the parameter estimates reported in the output are generally close to the population values
which were used to simulate the data. The "true” values for both the level-3 and level-2 variance-
covariance components are 1.0, 0.3 and 0.2 respectively.

For the level-3 variance components, 95% confidence intervals can be obtained as shown
previously. The confidence intervals corresponding to intcept/intcept, Time/intcept, and Time/Time are
(0.6002; 1.2633), (0.1367; 0.3747) and (0.1083; 0.2419) respectively. Again, the "true™” values fall
within these intervals. This conclusion also holds for confidence intervals for the level-1 and level-
2 variance-covariance components, which are calculated in the same way.
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Two-level non-linear regression analysis of mice data

The data

The data contain repeated measurements on 82 striped mice and were obtained from the
Department of Zoology at the University of Pretoria, South Africa (Du Toit 1979). A number of
male and female mice were released in an outdoor enclosure with nest boxes and sufficient food
and water. They were allowed to multiply freely. Occurrence of birth was recorded daily and
newborn mice were weighed weekly, from the end of the second week after birth until physical
maturity was reached. The data set consists of the weights of 42 male and 40 female mice. For
male mice, 9 repeated weight measurements are available and for the female mice 8 repeated
measurements. The data are provided as the PSF mousel.psf in the TUTORIAL subfolder. The first
portion of this PSF is shown in the following PSF window.

ei LISREL Windows Application - [MOUSE1.PSF]

mﬁile Edit Data Transformation Stakistics Graphs  Mulkilevel SurveyGLIM  Wiew window  Help

=10l x|

=18 x|

| Dlcsles|m| « (@] sli| (@]

I I T g

mouselD measlD | weight |

| timesq | gender |

1.0
2.0
30

(=l (== LN = pf [ -8 LAEY RN E)

AP —
ro oo oo ooo o
[a7)
=

—
L=

Ready

The variables in the data set are:

O O O O 0O O

Non-linear regression model

The logistic regression model to be fitted to the data in mousel.psf may be expressed as

weight,; =by; /(1+exp(b, —b,time;)) +g;
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mouselD denotes the mouse for which the measurement was obtained.
measID is the occasion on which the measurement for the particular mouse was made.
weight denotes the weight (in grams) of the mouse.
time IS the time point at which the measurement was made.
timesq is the squared value of the time point.

gender is the gender of the mouse with 1 for male, -1 for female.

2
[

A
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where weight; denotes the j-th weight measurement for mouse i, time; is the time point for
measurement j on mouse i, by, b, and b, denote unknown coefficients and g; is the random

variation on level-1 of the model. In addition, it is assumed that the 3 regression coefficients
depends on the gender of the mouse, i.e.

bli = 181 + 7lgenderi +Uy;
b, = B, + y,gender, +u,,

by = B; + y,9ender; +u,

where gender, denotes the gender of mouse i and u,;, u,, and u, denote the random variations in
the three regression coefficients respectively.

Fitting the non-linear regression model

To fit the 2-level non-linear regression model above to the data in mousel.psf, we proceed as
follows.

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

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

Select the Title and Options option from the Non-Linear Regression popup menu on the
Multilevel menu as shown below

O O O O O

i LISREL for Windows - [MOUSE1.PSF] -0l x]

D File Edit Data Transformation Statiskics  Graphs | Mulblevel  SurvesGlIM  Wiew _Window Help _|5’|5|
A E ¢ Lineat Model bI

J Dll}l.l.l xl |@| ﬂlj@l élul Generalized Lingar Model  »

4 ¥R &E XX hEE

Title and Optians. ..

Mon-Lineat Regression 3

mouselD | measlD | weight I time I times) 10 Respanse and Fixed...
1 1.00 15.00 100 i Ze:“: ’é'me'j“t ]
2 1.00 2.00 17.00 2.00 || S I
3 1.00 3.00 23.00 3.00 5.00 1.00
A 1 0N Ann SAnn A 0N A 0N 1 nn ﬂ
[ [um A

to activate the Title and Options dialog box.

0 Enter the title weights of 82 Male and Female mice with Gender as covariate in the Title string
box.

0 Change the Number of Quadrature Points to 15.
0 Activate the Use Full Maximum Likelihood radio button to produce the following dialog box.
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Title and Options |

Title [rMasimum 70 characters):

I\n\-"eights of 82 Male and Female mice with Gender az covariate

taxirurn Mumber af [terations: |30 =i

Convergence Criterion: IEI.DIJ1
Mizzing Diata  alue: I-SSEISSS
Murnber of Quadrature Paints: |1 ] _I:'

1 Use Magimum Aprior

1o Use Full Mawimum Likelihood

Mest s> I Cancel QK

Tobuid Syntax, proceed to the Select Covariate screen and click
the Finish Buttan

0 Click on the Next button to go to the ID, Response and Fixed Variables dialog box.

0 Select the variable mouselD from the Variables in data list box and click on the upper Add
button to add the variable in the Level 2 ID Variable grid box.

o0 Select the variable weight from the Variables in data list box and click on the middle Add
button to add the variable in the Response Variable grid box.

o0 Select the variable time from the Variables in data list box and click on the lower Add button
to produce the following dialog box.

ID, Response and Fixed Yariables il
“ariables in data
mouselD :
measlD Gl 5 Level 2 1D Y ariable
wiEight mauzelD
o — e | |
timezq
gender
Add v Responze Y anable
— weight
<< Remave
Add >> Fixed Yariable
Itime
<< Remove
<< Previous Next»» | Cancel | ak. |
Tobuild Spntax, proceed to the Select Covanate screen and click
the Finish Button

o0 Click on the Next button to obtain the following Select Model dialog box.
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Select Model x|

— Function

First Component [~ Second Component

I Logishe
Gompertz | Gompertz |
Monomolecular | onomolecular |
Fower | Fawer |
Exponential | Ezponertial |

— Current Model

Logistic

<< Ereviousl Mext»» I Cancel QK

Tobuid Syntax, proceed to the Select Covariate screen and click
the Finish Buttan

o0 Click on the Next button to go to the Select Covariate for First Component (Logistic) dialog
box.

0 Select the variable gender from the Variables in data list box and click on the upper Add
button to add the variable gender to the Coefficient 1 (b1) list box.

o0 Select the variable gender from the Vvariables in data list box and click on the middle Add
button to add the variable gender to the Coefficient 2 (b2) list box.

o0 Select the variable gender from the Vvariables in data list box and click on the lower Add
button to obtain the following dialog box.

ﬂ
“anablez in data
ozel 0 Al I Coefficient 1 [b1]
meas!D = I gender
weight
s << Bemaove |
timesE
dddl 5 | Coeflicient 2 [b2)
Igender
<< Remove |
Aol 5 | Cocfficient 2 [63]
gender
<< Femave |
<< Previous | Finizh | Cancel | QK. |
Tobuid Syntax, proceed to the Select Covarniate screen and click
the Finizh Button
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o0 Click on the Finish button to generate the following text editor window for mousel.pr2.

Woouseirez 1o/

CPTICNS METHCOD = ML CONVERGE = 0.001000 MAXITER = 30 QUADPTS = 15; 1=
TITLE = Weights of 82 Male and Female mice with Gender as covariate ;
3Y='C:\Frogram Files\lisrelS8 TUTORIAL\MOUSEL.FP3F';

ID2 = mouselD;

RESPONSE = weight;

FIXED = time;

MODEL = Logistie:

COVARIATES bl = gender
b2 = gender
b3 = gender:

L of

0 Click the Run PRELIS button to open the text editor window for the output file mousel.out.

Discussion of results

Portions of the output file meps2.out are shown below. In the first section of the output file a
description of the hierarchical structure is provided as shown below.

B MouserouT -0 x|
e + 2
| DATL SUMMARY |
- +

NUMEER OF LEVEL 2 UNITS : gz

NUMBER OF LEVEL 1 UNITS : 698

Nz 1 z 3 4 5 g 7 8

N1 o = = = C 2 a =

Nz = 10 11 1z 13 14 15 18

N1 a a 9 9 9 9 a a <
| »

The data summary above indicates that a total of 698 observations were obtained from 82 mice. In
addition, a summary of the number of measurements per mouse is provided. For example, for
mouse number 1 (N2: 1), there are 9 observations (N1: 9) available.

The output for the maximum likelihood estimates of the model is given next as shown in the
following image.
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¥ MOUSELOUT =10] x|
Maximum Likelihood Solution =
Coefficients Beta Std.Err Z-walue P> |z
bl 45,15479 0.87773 51.44473 0.00000
h2 1.57372 0.03242 45.53536 0. 00000
b3 0.51629 0.01321 39.09235 0.00000
Covariate Names FaRNNE Std.Err I-value F > |z
gender 2.68072 0.87772 3.05419 0.00226
gender 0.10327 0.03242 3.18588 0.00144
gender 0.04008 0.01320 3.03407 0.00241
Variance estimate Level 1 Std.Err ZI-value P> |z
Sigmar*a 2.73755 0,.10463 26.16436 0.00000
Covariances Level 2 Std.Err ZI-value P> |z
ul,ul 100.08828 12.77455 7.83471 0.00000
uz,ul 2.10589 0.38210 5.51082 0.00000 _J
uz, u2 0.1351=2 0.01540 7.34431 0. 00000
u3, ul -0.60022 0.1524¢ -3.93681 0.00008
u3, ud 0.004z24 0.00526 0.80723 0.41953
u3, ul 0.015581 0,00z287 6.55261 0.00000
A
4| | M A

The results above indicate the three regression coefficients are statistically significant if a 1% level
of significance is used. In addition, it is also evident that these three coefficients vary significantly
across gender.

The total estimated variance on level-2 follows as

&% (U, +U, +timexus,)

= 5% (uy) + 62 (u,) + time? x 62 (Ug) + 2x 6(uy, Uy,
+2xtimex o (uy,U;) +2x timex & (u,,us)
=100.08828+0.13512 +0.01881x time” + 2x 2.10569
—2x0.60022 x time + 2x 0.00424 x time

=104.43478—-1.19196 x time + 0.01881x time?

We can thus express the total estimated variation on level-2 as a nonlinear function of the variable
time.
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