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Introduction

Many popular statistical methods are based on mathematical models that assume data follow a
normal distribution, most obvious among these are the analysis of variance for planned
experiments and multiple linear regressions for general analyses of independent and dependent
variables. In many situations, the normality assumption is not plausible. Consequently, use of
methods that assume normality may perform unsatisfactorily. In these cases, other alternatives that
do not require data to have a normal distribution are attractive.

The collection of models called Generalized Linear Models (GLIMS) have become important, and
practical, statistical tools. The basic idea of GLIMs is an adaption of standard regression to quite
different kinds of data. The variables may be dichotomous (agree/disagree), categorical (as with a
5-point Likert scale), counts (number of arrest records), or nominal (choose among six candidates
for mayor). The motivation is to tailor the regression relationship connecting the outcome to
relevant independent variables so that it is appropriate to the properties of the dependent variable.
The payoff is an analysis that often is more justifiable for the particular problem than a standard
regression model would be.

The statistical theory and methods for fitting Generalized LInear Models (GLIMs) to simple random
sample data are described in, amongst others, McCullach & Nelder (1989) and Agresti (2002).
However, researchers from the social and economic sciences are often applying these methods to
data from complex survey designs. Consequently, inappropriate results are obtained if these
methods are applied to complex samples. For quite some time, these methods were extended to
include the use of frequency and probability weights in an effort to deal with complex samples.
Although this approach yields the appropriate estimates for complex samples, the corresponding
standard error estimates are not appropriate. Using a result of Fuller (1975), Binder (1983)
proposed methods to obtain the appropriate standard error estimates of the parameters of linear and
nonlinear models as well as those of general estimating functions in the case of complex survey
designs. These methods are implemented in, amongst others, SAS PROC SURVEYLOGISTIC (SAS
Institute 2004) and AM (American Institutes for Research & Cohen 2004).

LISREL for Windows (JOreskog & Sdrbom 2005) includes the application SURVEYGLIM, which
implements the methods in Agresti (2002) and Binder (1983) to fit GLIMS to complex survey data
and simple random sample data. Unlike other statistical software applications for generalized linear
modeling for complex survey data such as SAS PROC SURVEYLOGISTIC and AM, SURVEYGLIM
allows for a wide variety of sampling distributions and link functions.

This document is an online user’s guide for SURVEYGLIM. Section 2 reviews the options and dialog
boxes of the SURVEYGLIM menu on the PRELIS System File (PSF) window of LISREL for Windows.
SURVEYGLIM syntax files are reviewed in Section 3. Illustrative examples are provided in Section
4. In Section 5, we outline the GLIM statistical theory and methods for complex survey data and
simple random sample data.
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Graphical User Interface

The SURVEYGLIM menu

The SURVEYGLIM menu provides you access to a sequence of four dialog boxes that can be used to
create a SURVEYGLIM syntax file 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, you must
create a PSF and open it in a PSF window before syntax can be generated interactively. To
illustrate this, the PSF window for the file NIH1.psf in the SGLIMEX subfolder with the
SURVEYGLIM menu expanded is shown below.

i LISREL Windows Application - NIH1.psf
File Edit Data Transformation Statistics  §raphs  Multilevel | SupveyGLIM  Miew  Window Help

sl 5 Title and Options. .. > | [
J Dlilil.l ;". |&|| ﬂlﬁl \élul ‘?l |.L Distribptions/Links. .. g
: : Model [Specification. .. =10l x|
VYEAR AGE SEx _ =2urveyDesian... CARE | PA
1 35.00 2.00 0.00 1.00 -
2 2002.00 21.00 200 SY = °NIH1.PSF”: U
3 2002.00 2.00 2.00 L o0
4 2002.00 R2.00 1.00 0.00 1.00
5 2002.00 13.00 2.00 3.00 1.00
b 2002.00 35.00 2.00 3.00 1.00
7 2002.00 82.00 1.00 2.00 1.00
8 2002.00 30.00 1.00 0.00 1.00
q 2002.00 73.00 2.00 2.00 1.00
10 200Z.00 38.00 2.00 0.00 1.00
11 2002.00 43.00 1.00 3.00 1.00
12 2002.00 14.00 2.00 2.00 1.00
13 2002.00 54.00 1.00 3.00 1.00
14 2002.00 43.00 1.00 0.00 1.00 -]
AN it

The typical next step would be to click on the Title and Options option to load the Title and Options
dialog box. However, you can directly click on the Distributions/Links, Model Specification or
Survey Design option to go to the Distributions and Links, the Dependent and Independent
Variables or the Survey Design dialog box respectively.

The Title and Options dialog box

The Title and Options dialog box allows you to specify a title and the options of the GLIM analysis
interactively and is accessed by selecting the Title and Options option on the SurveyGLIM menu.
This selection loads the following Title and Options dialog box.

LISREL for Windows: SURVEYGLIM User’s Guide 2



Title and Options @

Title:
|

”””,,,——— Title = <string>;

GLIMOptions

b awimurn Mumber of [berations: m\
Convergence Criterion: 0.00

Maxlter = 100

Converge = 0.0001

Pizzing Data v alue: -333333 S
MissingCode = -999999
mress [terative D etails [ anance Adjustrment

IterDet = No

Dptimization Method

Method Fisher
Eddit/-:n:lﬂ/mam/\
[ FBesidual file Data file Output = Min;

Mt > | Cancel | ] |

Tobuild syntas, proceed to the Survey Design screen and click
the Finizh buttan

VarAdjust = No

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

If desired, you can enter a descriptive title in the Title string field. If the raw data include missing
values with a global missing value other than -999999, you need to enter the global missing value
in the Missing Data Value number field.

Since the GLIM estimation equations do not have a closed form solution, SURVEYGLIM uses an
iterative algorithm to estimate the parameters of the GLIM. In this regard, the Fisher scoring
algorithm and the Newton-Raphson algorithm are available. The default algorithm is Fisher
scoring; click the Newton-Raphson radio button to choose that algorithm instead. You can then
enter the maximum number of iterations in the Maximum Number of Iterations field if the default of
100 is not appropriate. Enter the appropriate convergence criterion in the Convergence Criterion
number field if the default value of 0.0001 is not to be used, and check the Suppress lIterative
Details check box if details of the iterative algorithm should be written to the output file.

In practice, it is possible that the estimated asymptotic covariance matrix of the estimators is not
positive definite, in which case the standard error estimates are unreliable. For these situations,
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Morel (1989) proposed an adjustment to the estimated asymptotic covariance matrix. To request
this option, you need to check the variance Adjustment check box.

You can choose to export the exact raw data that SURVEYGLIM analyzed to a comma separated
variable (csv) file by checking the Data file check box. This file will have the same name as the
PSF, except that .psf is replaced with _RAwW.CSV. Similarly, the residuals can be exported to a csv
file by checking the Residual file check box. This csV file will have the same name as the PSF,
except that .psf is replaced with _RES.CSV.

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

The Distributions and Links dialog box

The Distributions and Links dialog box allows you to specify the sampling distribution and the link
function of the GLIM interactively. A summary of the combinations of sampling distributions and
link functions that are available in SURVEYGLIM is listed in Table 1.

Table 1: Sampling Distribution and Link Functions

Link

Distribution

CLL

Identity

Log

Logit

OCLL

OLogit

OProbhit

Probit

Power

Bernoulli

Binomial

Gamma

Inverse Gaussian

Multinomial

Negative binomial

Normal

Poisson

The Distributions and Links dialog box is usually accessed by clicking on the Next button of the
Title and Options dialog box. It can also be accessed by selecting the Distributions / Links option

from the SURVEYGLIM menu. These actions load the following dialog box.
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Distributions and Links E]

Disnbuton vee: [T I~ |- | Distribution = NOR:

Link function: |I|:|.3n|;i|;_|,| _L|__ Link = Iden;

Inzhude intercept’y

[+ ‘Yes " No Intercept = Yes;

Qr//l Dispersion = No;

Estimate scale? |N|:une ﬂl Scale = None;

<4 Previouz MHext > Cancel | 0k, |

Tobuild spntas, proceed to the Survey Design screen and click
the Finizh buttan

Note that the Distributions and Links dialog box corresponds with the Distribution, Link, Intercept,
Dispersion and Scale commands as indicated on the image above.

Use the Distribution type and the Link function drop-down list boxes to select the distribution and
link function for your GLIM. If an intercept for the mean model of the GLIM is not required, you
should activate the No radio button.

Some GLIMs include dispersion or scale parameters. These GLIMs are listed in Table 2. If a scale
parameter is desired, you can select the appropriate scale parameter from the Estimate scale? drop-
down list box. In the case of a dispersion parameter, you can fix its value by activating the Fixed
value radio button. Otherwise, it is estimated by means of maximum likelihood estimation.

Once the Distributions and Links dialog box has been completed, the Next button is clicked to go to
the Dependent and Independent Variables dialog box.
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Table 2: Scale and Dispersion Parameters

Parameters ) . Maximum .
L~ Scale | Dispersion | . . Pearson | Deviance

Distributio Likelihood
Binomial X X X
Gamma X X X X X
Inverse Gaussian X X X X X
Negative binomial X X
Normal X X X X X
Poisson X X X

The Dependent and Independent Variables dialog box

The Dependent and Independent Variables dialog box allows you to specify the model for the
means of the outcome variable and, if applicable, a frequency variable.

Dependent and Independent Variables E|

W anables in data:

YEAR P
AGE

SEx
LUSETOBAC
PRIMCARE
FASTYIS
ISR
ELODFPRES
LURIME
CHOLEST
EkG
HRAY
EXERCISE
TOBACCO
WTREDUC
MUMMED
FPATWT
REGION
RETYPOFF
RACER
AGER

CFCTODATRA

Dependent wariable:

| ——1 | DepVar = <label>;

Independent wariables:

—1 | Covars

<label (s)>;

Frequency variable:

| —1 | Freq = <label>;

a0 18

<4 Previous Cancel | |

Tobuild zuntas, proceed b the Survey Dezsign screen and click.
the Firizh button
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Access to this dialog box is obtained by clicking on the Next button of the Distributions and Links
dialog box or by selecting the Model Specification option from the SURVEYGLIM menu. An example
of the Dependent and Independent Variables dialog box is shown above.

Note that the Dependent and Independent Variables dialog box corresponds with the DEPVAR,
COVARS and FREQ commands as shown on the image above.

The model for the means of the outcome variable is a function of a set of covariates. You specify
the outcome variable by first selecting it from the variables in data list box and then by clicking on
the Add button of the Dependent variable section. The covariates of the model can either be
categorical or continuous variables. Dummy variables are also regarded as continuous variables.
Categorical covariates are specified by first selecting the covariates from the Variables in data list
box and then by clicking on the Categorical button. In a similar fashion, the Continuous button is
used to specify the continuous covariates and dummy variables of the model.

SURVEYGLIM can process raw data and frequency table data. Frequency table data are often used in
the case of categorical variables, in which case the same observation often occurs more than once
in the raw data. To process frequency table data, the data file must include a column that contains
the observed frequencies. Specify this frequency variable by first selecting it from the Vvariables in
data list box and then by clicking on the Add button of the Frequency variable section.

Once the variables have been selected, click the Next button to load the Survey Design dialog box.

The Survey Design dialog box

You can specify the design of the survey used for data collection and, if applicable, finite
population information interactively by using the Survey Design dialog box. It is accessed by
clicking on the Next button of the Dependent and Independent Variables dialog box or by selecting
the Survey Design option on the SURVEYGLIM menu. An example of the Survey Design dialog box
follows.

Note that the Survey Design dialog box corresponds with the STRATUM, CLUSTER, WEIGHT, FPC,
SAMPLINGRATES and POPULATIONSIZES commands as shown on the image below.

LISREL for Windows: SURVEYGLIM User’s Guide 7



Survey Design E

Yariables in data:
VYEAR e Add 5 Stratification wariable:
AGE — _ _
SEw oy —— | Stratum = <label>;
JSETOBALC
FRIMCARE
ﬁisuTgklfs Add 5 Cluzter variable:

— — | Cluster = <label>;
BLODPRES | —
URIME << Remove
CHOLEST
EkKG
HRAY : . — | Weight = <label>;
ExERCISE add > W eight variable: /_ 9
TOBALCCO
‘WTREDLC << Remove |
HURMMED o FPC = No;
l_mrectiun Factar PE—— pn

amplingRates = <filename>;
= r
\7— PopulationSizes = <filename>;
| o

<< Previous | Einizh | Caricel | |
Tobuild spntazs, click the Finish button

Complex survey designs typically stratify the target population into strata (subpopulations). These
strata usually contain the primary sampling units (clusters). The ultimate sampling units are then
selected from the selected clusters and design weights for the ultimate sampling units are
constructed. The strata are specified by first selecting the appropriate variable from the variables in
data list box and then by clicking on the Add button of the Stratification variable section. Similarly,
the clusters and the design weights are specified by using the Add buttons of the Cluster variable
and the Weight variable sections respectively.

In the case of finite target populations, Fuller (1975) proposed a correction factor for the standard
error estimates of the parameters. This correction is based on the sampling rates of the strata that
can be computed from the actual sizes of the strata. You can prepare a text file containing either the
sampling rates or the strata sizes. This file is incorporated by using the browse button of the File
that contains sampling rates or population sizes section. If this file should contain population sizes
rather than sampling rates, you need to activate the Population sizes radio button.

The syntax file, which was created interactively by using the four SURVEYGLIM dialog boxes, is
opened in a text editor window by clicking on the Finish button.

LISREL for Windows: SURVEYGLIM User’s Guide 8



SURVEYGLIM syntax files

The structure of the syntax file

The syntax file, which is generated by the interface of SURVEYGLIM, can also be prepared by using
the LISREL for Windows text editor or any other text editor such as Notepad and WordPad. The
structure of the syntax file follows.

GLIMOPTIONS <options>;

SY = ‘<filename>";

DEPVAR = <label>;

COVARS = <label(s)>;
DISTRIBUTION = <name>;

LINK = <function>;

INTERCEPT = <option>;
DISPERSION = <option>;
SCALE = <type>;

FREQ = <label>;

STRATUM = <label>;

CLUSTER = <label>;

WEIGHT = <label>;

FPC = <option>;
SAMPLINGRATES = <filename>;
POPULATIONSIZES = <filename>;

TITLE = <string>;

where <label> denotes a case sensitive variable name used in the raw data file, <filename> denotes a
complete name (including the drive and folder names) of a file, <option> is either Yes or No, <type>
is one of None, Pearson, Deviance or ML (see the SCALE command section), <name> is one of BER,
BIN, GAM, INVG MUL, NBIN, NOR or POI (see the DISTRIBUTION command section) and <function>
is one of CLL, IDEN, LOG, LOGIT, OLOGIT, OCLL, OPROBIT, PROBIT or PWR[<n>] (See the LINK
command section) where <n> denotes an integer. <options> denotes a list of options for the
analysis, each of which has the following syntax:

<keyword> = <selection>

where <keyword> is one of CONVERGE, ITERDETAILS, MAXITER, METHOD, MISSINGCODE,
OUTPUT or VARADJUST and <selection> denotes a number, an option or a name (see the
GLIMOPTIONS command section). In many applications, optional commands and keywords can be
left out if there are program default values available.

The GLIMOPTIONS, SY, DEPVAR and COVARS commands are required commands while the other
thirteen commands are all optional. The GLIMOPTIONS and SY commands should be the first two

LISREL for Windows: SURVEYGLIM User’s Guide 9



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 seventeen SURVEYGLIM commands are discussed separately in
alphabetical order.

CLUSTER command

The CLUSTER command is used to specify the variable for the primary sampling units of the
complex survey. It is an optional command. For example, in the case of a simple random sample,
the CLUSTER command is omitted.

Syntax

CLUSTER = <label>;

where <label> denotes the label of the cluster variable. Keep in mind that variable names are case
sensitive.

Example

Suppose that the primary sampling units of the complex survey are types of facility and that the
variable FACTYPE is used to indicate the facility type for each observation. Then, the
corresponding CLUSTER command is

CLUSTER = FACTYPE;

COVARS command

The purpose of the COVARS command is to specify the covariates of the model for the means of the
outcome variable and it is a required command.

Syntax

COVARS = <label(s)>;

where <label(s)> denotes the case sensitive label(s) of the covariates of the model. In the case of a
categorical variable, the label should be augmented with a $ symbol. Dummy variables are
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regarded as continuous variables. Consequently, dummy variable labels are not augmented with a $
symbol.

Example

Suppose that the covariates of the model consist of a dummy variable, sex, a categorical variable,
edu, and a continuous variable, age. For this example, the corresponding COVARS command is
given by

COVARS = sex edu$ age;

DEPVAR command

The DEPVAR command is used to specify the outcome variable of the model and it is a required
command.

Syntax

DEPVAR = <label>;

where <label> denotes the label of the outcome variable of the model. Note that variable names are
case sensitive.

Example

Suppose that the variable, depr, is the outcome variable to be used. In this case, the corresponding
DEPVAR command would be

DEPVAR = depr;

DISPERSION command

The Negative Binomial sampling distribution, for example, has a dispersion parameter. This
parameter is specified by using the DISPERSION command. Since not all sampling distributions
involve a dispersion parameter, the command is optional with default of no dispersion to be
estimated.

LISREL for Windows: SURVEYGLIM User’s Guide 11



Syntax

DISPERSION = <option>;

where <option> is either Yes or No.

Default

DISPERSION = No;

DISTRIBUTION command

Each GLIM involves the sampling distribution of the outcome variable. The sampling distribution is
specified by means of the DISTRIBUTION command, which is optional.

Syntax

DISTRIBUTION = <name>;

where <name> is one of BER (Bernoulli), BIN (Binomial), GAM (Gamma), INVG (Inverse
Gaussian), MUL (Multinomial), NBIN (Negative Binomial), NOR (Normal) or POI (Poisson).

Default

DISTRIBUTION = NOR;

FREQ command

SURVEYGLIM can process frequency table data if a variable with the frequency is a column of the
data file. This frequency variable is specified by means of the FREQ command. Since SURVEYGLIM
can also analyze raw data, the FREQ command is optional.

Syntax

FREQ = <label>;

where <label> denotes the case sensitive label of the frequency variable.
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Example

Suppose that the variable, Count, is the frequency variable. For this example, the FREQ command is
given by

FREQ = Count;

FPC command

Fuller (1975) proposed a finite population correction factor for the standard error estimates of
parameters if the complex survey was obtained from a finite population. The FPC command is used
to request this correction.

Syntax

FPC = <option>;

where <option> is either Yes or No.
Default

FPC = No;

GLIMOPTIONS command

The purpose of the GLIMOPTIONS command is to select the iterative algorithm to be used and to
specify options for the selected iterative algorithm. In addition, it is used to specify a global
missing data value and the output to be generated. Finally, it allows you to specify the variance
adjustment proposed by Morel (1989) if the estimated asymptotic covariance matrix of the
parameter estimators is not positive definite. The GLIMOPTIONS command must always be the first
command and is a required command.

Syntax

GLIMOPTIONS <options>;

where <options> is a list of options each of which has the following syntax:

<keyword> = <selection>
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where <keyword> is one or more of CONVERGE, ITERDETAILS, MAXITER, METHOD, MISSINGCODE,
OUTPUT or VARADJUST and <selection> refers to a name, a number or an option.

CONVERGE keyword

The tolerance limit of the convergence criterion of the selected iterative algorithm is specified by
using the CONVERGE keyword which is an optional keyword.

Syntax

CONVERGE = <number>;

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

Default

CONVERGE = 0.0001;

ITERDETAILS keyword

The purpose of the ITERDETAILS keyword is to suppress or request the printing of the details of the
selected iterative algorithm and it is an optional keyword.

Syntax

ITERDETAILS = <option>;
where <option> is either Yes or No.

Default

ITERDETAILS = No;

MAXITER keyword

You can control the maximum number of iterations of the selected iterative algorithm by means of
the MAXITER keyword which is an optional keyword.

Syntax

MAXITER = <number>;

where <number> denotes a positive integer.
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Default

MAXITER = 100;

METHOD keyword

SURVEYGLIM implements the Fisher scoring and Newton-Raphson iterative algorithms to
obtain the estimates and standard error estimates of the GLIM parameters.

Syntax

METHOD = <method>;
where <method> is either Fisher or Newton.

Default

METHOD = Fisher;

MISSINGCODE keyword

Raw data often include missing values. SURVEYGLIM uses list-wise deletion for handling data with
missing values if you specify a global missing value by means of the MISSINGCODE option, which
iS optional.

Syntax

MISSINGCODE = <number>;
where <number> denotes a real number.

Default

MISSINGCODE = -999999;

OUTPUT keyword

SURVEYGLIM can write the raw data or residuals of the GLIM analysis to separate CSV files.
The ouTpPuUT keyword is used to request neither, one or both of these files and is an
optional keyword.

Syntax

OUTPUT = <amount>;

LISREL for Windows: SURVEYGLIM User’s Guide 15



where <amount> is one of Min for the standard GLIM results, Res for adding residuals as a csV file
to the standard results, Raw for adding the data used by SURVEYGLIM as a CSV file to the standard
results or All for the complete SURVEYGLIM results. The standard SURVEYGLIM results consist of
the design, data and model description, the goodness of fit statistics, the estimated regression
weights and standard error estimates and the estimated asymptotic covariance and correlation
matrices of the parameter estimators.

Default

OUTPUT = Min;

VARADJUST keyword

Morel (1989) proposed an adjustment for the estimated asymptotic covariance matrix of the
parameter estimators if it should not be positive definite. You can request this adjustment by using
the VARADJUST keyword, which is optional.

Syntax

VARADJUST = <option>;
where <option> is either Yes or No.
Default

VARADJUST = No;

Example

Suppose that the Newton-Raphson algorithm with a maximum of 50 iterations and a convergence
criterion tolerance limit of 0.0001 with printed details is required. Suppose further that the Morel
(1989) variance adjustment and the complete SURVEYGLIM output are required and the global
missing value for the raw data is -9. For this example, the GLIMOPTIONS command is given by

GLIMOPTIONS CONVERGE = 0.0001 MAXITER = 50 MISSINGCODE = -9 ITERDETAILS = Yes
VARADJUST = Yes METHOD = Newton OUTPUT = All;
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INTERCEPT command

Many GLIMs can either include or exclude an intercept parameter for the model for the means of the
outcome variable. The purpose of the INTERCEPT command is to allow you to either include or
exclude an intercept parameter and it is an optional command.

Syntax

INTERCEPT = <option>;
where <option> is either Yes or No.

Default

INTERCEPT = Yes;

LINK command

The link function of a GLIM describes the relationships between the means of the outcome variable
and the means of the corresponding linear model. The LINK command is used to specify the link of
the GLIM. It is an optional command.

Syntax

LINK = <name>;

where <name> is one of CLL (complementary log-log), IDEN (identity), LOG (log), LOGIT (logit),
OCLL (proportional hazards), OLOGIT (cumulative logit), OPROBIT (cumulative probit), PROBIT
(probit) or PWR[<n>] (power) where <n> denotes an integer.

Default

LINK = Iden;

POPULATIONSIZES command

If the finite population correction for the standard error estimates proposed by Fuller (1975) is
required, you must prepare a text file containing either the sampling rates or strata sizes. The
purpose of the POPULATIONSIZES command is to specify the file that contains the strata sizes.
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Syntax

POPULATIONSIZES = <filename>;

where <filename> denotes the complete name (including drive and folder names) of the text file
containing the strata sizes. The drive and folder names may be omitted if the text file and the
syntax file are in the same folder.

Example

Suppose that the text file POPULATIONSIZES.TXT in the SGLIMEX subfolder of the C drive contains
the strata sizes. In this case, the POPULATIONSIZES command is given by

POPULATIONSIZES = C\SGLIMEX\POPULATIONSIZES.TXT,;

SAMPLINGRATES command

If the finite population correction for the standard error estimates proposed by Fuller (1975) is
required, you must prepare a text file containing either the sampling rates or strata sizes. The
purpose of the SAMPLINGRATES command is to specify the file that contains the sampling rates. It
is an optional command.

Syntax

SAMPLINGRATES = <filename>;

where <filename> denotes the complete name (including drive and folder names) of the text file
that contains the sampling rates. The drive and folder names may be omitted if the text file and the
syntax file are in the same folder.

Example

If the sampling rates are contained in the text file SampRates.txt in the SGLIMEX subfolder of the C
drive, the corresponding SAMPLINGRATES command is given by

SAMPLINGRATES = C:\SGLIMEX\SampRates.txt;
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SCALE command

Some sampling distributions such as the Poisson, Binomial, Gamma, Inverse Gaussian and Normal
distributions have an optional scale parameter. This parameter is specified by using the SCALE
command. Since not all sampling distributions involve a scale parameter, the command is optional.

Syntax

SCALE = <type>;
where <type> is one of None, Pearson, Deviance Or ML.

Default

SCALE = None;

STRATUM command

Complex surveys are typically obtained by stratifying the target population into subpopulations
(strata). The STRATUM command allows you to specify the stratification variable. Since other types
of surveys are available, the STRATUM command is an optional command.

Syntax

STRATUM = <label>;

where <label> denotes the case sensitive label of the stratification variable.

Example

Suppose that the target population was stratified into census regions and that the variable CENREG
is the variable used to indicate the census region for each observation. In this case, the STRATUM
command is given by

STRATUM = CENREG,;
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SY command

SURVEYGLIM can process raw data or frequency data that are available in the form of a PSF. The
PSF to be processed is specified by means of the SY command. The Sy command is a required
command and must be the second command listed in the syntax file.

Syntax

SY = ‘<filename>";

where <filename> denotes the complete name (including drive and folder names) of the PSF. The
drive and folder names may be omitted if the PSF and syntax file are in the same folder. Note the
use of single quotes in this command.

Example

Suppose that the data to be processed are listed in the file NIH1.psf which is located in the SGLIMEX
subfolder on the C drive. In this case, the SY command is given by

SY = 'CASGLIMEX\NIH1.PSF;

TITLE command

It is often convenient to label a specific analysis to distinguish it from other analyses. This can be
accomplished by using the TITLE command which is an optional command.

Syntax
TITLE = <string> ;
where <string> denotes a descriptive title for the analysis.

Example

Consider an analysis in which a Bernoulli-Probit model was fitted to substance abuse data. In this
case, one possible TITLE command is given by

TITLE = SGLIMEXZ1: Bernoulli Probit Model for Substance Abuse Data;
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WEIGHT command

Design weights are constructed for the ultimate sampling units of complex surveys. The purpose of
the WEIGHT command is to allow you to specify the design weight variable. Since surveys without
design weights are permitted, the WEIGHT command is an optional command.

Syntax

WEIGHT = <label>;
where <label> denotes the case sensitive label of the design weight variable.

Example

Suppose that the variable A2TWAO is used to capture the design weight for each observation. For
this example, the WEIGHT command is given by

WEIGHT = A2TWAQO;
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Examples

GLIMs for counts

Variables measured in scientific studies come in a wide assortment. When statisticians refer to a
"count” variable, they mean a variable that is ordinal, typically scored 0, 1, 2, ..., without fractional
values such as 2.4 or 6.75. They also mean that the variable is a tally that records how often some
behavior occurred, or of how many incidents of a particular kind were observed in each subject of a
study.

In many situations, count variables are skewed. The percentage of subjects with a score of zero or 1
is very large, those with a score of 4 or 5 or 6 considerably less common, and those with a score of
11 or 12 rare. For example, the number of delinquent acts committed by a teenager is a count
variable. It is zero for the great majority. A young person who commits 1 or 2 or 3 delinquent acts
is relatively rare compared to those who have no offenses. The frequencies of 1 or 2 or 3 decrease
rapidly compared to those with no offenses. Juveniles who commit as many as 9 or 10 delinquent
acts are very rare. As another example, the number of visits that a person makes to his or her
primary care physician in a year is a count. The great majority visit the doctor not at all or once or
twice in a year. Some may seek help 5, 6, or 7 times. A very few chronically ill may visit on as
many as 15 occasions.

Count variables are often analyzed in exactly the same way that a continuous variable is handled,
most often with a method that incorrectly assumes the count is a bell-shaped normal distribution.
But counts are ordinal variables, usually skewed with a small range. They have none of the
characteristics of a continuous variable. While in many instances there are few practical problems
treating them as if they were continuous variables, it is easy to find examples where an
inappropriate analysis of a count variable loses important information that a better approach would
convey. GLIMs for counts are a special kind of model that is designed to represent the unique
features of count variables in a statistically optimal way.

GLIMs for counts usually assume a Poisson distribution for the response variable. In this section, we
illustrate the use of SURVEYGLIM by using some practical examples based on health-related count
data. More specifically, a Poisson-log and a Negative Binomial-log model are fitted to substance abuse
data. A description of the data follows.

The data

The data set forms part of the data library of the Alcohol and Drug Services Study (ADSS). The
ADSS is a national study of substance abuse treatment facilities and clients. Background data and
data on the substance abuse of a sample of 1752 clients were obtained. The sample was stratified
by census region and within each stratum a sample was obtained for each of three facility treatment
types within each of the four census regions. The specific data set is provided in the SGLIMEX
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subfolder of LISREL for Windows as the PSF cntdiag.psf. The first portion of this file is shown in the
following PSF window.

B cntdiag. PSF
cntdiag 58X race_d CENREG FACTYPE AZTWAD
1 0.00 0.00 4.00 4.00 190.70 =
2 0.00 0.00 0.00 4.00 4.00 4430 |
3 0.00 0.00 0.00 4.00 4.00 44.30
1 0.00 1.00 0.00 4.00 4.00 44.30
b 0.00 0.00 0.00 4.00 4.00 44.30
b 0.00 0.00 0.00 4.00 4.00 44.30
Fi 0.00 0.00 0.00 4.00 4.00 44.30
] 0.00 0.00 0.00 4.00 4.00 4430
9 0.00 0.00 0.00 4.00 4.00 44.30
10 0.00 0.00 1.00 4.00 2.00 371.90
11 0.00 0.00 1.00 4.00 2.00 371.90
12 0.00 0.00 1.00 4.00 2.00 371.90
13 0.00 0.00 1.00 4.00 2.00 371.90
14 0.00 0.00 1.00 4.00 2.00 371.90
15 0.00 0.00 0.00 4.00 2.00 371490 &

A brief description of the variables to be used in the subsequent GLIM analyses follows.

CENREG is the census region of the client (1 for Northeast, 2 for Midwest, 3 for South and 4 for
West).

O FACTYPE is the facility treatment type of the client (1 for residential treatment, 2 for
outpatient methadone treatment, 3 for outpatient non-methadone treatment and 4 for more
than one type of treatment).

O A2TWAO is the design weight of the client.
O cntdiag is the number of abuse diagnoses of the client (0, 1, 2 or 3).

0 sex is the value of a dummy variable for the gender (0 for male and 1 for female) of the
client.

0 race_d is the value of a dummy variable for the race (0 for nonwhite and 1 for white) of the
client.

More information on the ADSS and the data are available at http://www.icpsr.umich.edu.

The models

The sampling distributions

The sampling distribution of the Poisson-log GLIM is the Poisson distribution whose probability
density function is given by
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where y, denotes the response variable y for respondent k and g, denotes the mean of y,. The

Poisson sampling distribution has the unique feature that its variance is equal to its mean. A
common empirical finding in fitting a Poisson variable is that the actual variance is somewhat
larger or smaller than the mean value. The data are said to have over-dispersion or under-dispersion
compared to the original model. When this occurs, the variance can be freed up so that it is not
exactly equal to the mean. This is handled by adding a scale parameter for the variance. When this
change is implemented, the model is no longer a Poisson process. But one still can use the
algorithm for generalized linear models and obtain good parameter estimates with the modified
approach. Another approach for dealing with the over-dispersion problem would be to consider a
more appropriate sampling distribution for the data. In this regard, the Negative Binomial
distribution can be very useful. The probability density function of the Negative Binomial
distribution is given by

\- ) oy

f(ykuukv‘// = 1 L
F(yk+l)F(WJ L+ )" v

where i denotes the dispersion parameter. The variance of the Negative Binomial distribution is
given by

Gz(yk):/uk-i_l///ulf'
The mean model

The mean model for the Poisson-log and Negative Binomial-log GLIMs is given by

Hy :exp(a+ﬁl)(lk +ﬂzxzk+"'+ﬂrxrk)

where 4, denotes the mean value of the response variable for client k, x; denotes the value of

the j -th predictor ( j=1,2,---,r) for client k, and ¢, f,, --- f.,, and B denote unknown

parameters. In practice, it can occur that the coefficient of some covariate is assumed to be unity.
This covariate is commonly known as an offset variable. Offsets are typically used when the
response variable is a rate rather than a number or count. For this specific example, the mean
model may be expressed as

E [cntdiag, | = exp(a + B, *sex, + B,*race_d,)
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where E[cntdiag, | denotes the mean number of diagnoses for client k, sex, and race_d, denotes

the values of the variables sex and race_d respectively and « , g, and g, denote unknown

parameters. From this model, it follows that the ratio of the mean numbers of diagnoses for female
(sex, =1) and male (sex, =0) clients may be expressed as

exp(a+ f, + f,*race_d) _exp ()
exp (e + B,*race_d) '

Similarly, it follows that exp(3,) is the ratio of the mean numbers of diagnoses for white and

nonwhite clients. The model fitted value is a mean number of diagnoses for client k and is given
by

E[cntdiag, | = exp(& + 3, *sex, + ,E’Z*race_dk)

where &, ,5’1 and 5’2 denote the maximum likelihood estimates of «, £, and g, respectively.

Analyzing counts from a complex sampling design

A question that a researcher may want to address is whether ethnicity and gender effects are
associated with the number of substance abuse diagnoses. An appropriate statistical model for this
type of count variable is a GLIM with a Poisson distribution and a log link function.

Setting up the analysis

The first step is to open the PSF shown above in the LISREL for Windows PSF window. This is
accomplished as follows.

Use the Open option on the File menu of the root window of LISREL for Windows to load the Open
dialog box.

Select the Prelis Data (*.psf) option from the Files of type drop-down list box.
Browse for the file cntdiag.psf in the SGLIMEX subfolder.

Click on the open button to open the file cntdiag.psf in a PSF window.
Click on the SURVEYGLIM menu to produce the following PSF window.
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cntdiag

2 n.oo
3 n.00
4 0.00
5 n.oo
b n.00
Fi 0.00
] n.oo
a n.0o
10 0.00
11 n.oo
12 n.0o
13 0.00
14 n.oo
15 n.00

58X race_d CENREG FACTYPE AZTWAD
0.00 0.00 4.00 4.00 190.70
0.oo n.oo 4.00 4.00 44.30
0.00 0.00 4.00 4.00 44.30
1.00 0.00 4.00 4.00 44.30
0.oo n.oo 4.00 4.00 44.30
0.00 0.00 4.00 4.00 44.30
0.00 0.00 4.00 4.00 44.30
0.oo n.oo 4.00 4.00 44.30
0.00 0.00 4.00 4.00 44.30
0.00 1.00 4.00 2.00 371.90
0.oo 1.00 4.00 2.no 371.90
0.00 1.00 4.00 2.00 371.90
0.00 1.00 4.00 2.00 371.90
0.oo 1.00 4.00 2.0o 371.90
0.00 0.00 4.00 2.00 371.90

The next step is complete the sequence of four dialog boxes of the SURVEYGLIM GUI described in
Section 3.2. The Title and Options dialog box is the first dialog box and is accessed by selecting the
Title and Options option on the SURVEYGLIM menu above. In order to identify the analysis, enter
the string Poisson-Log Model for ADSS Data into the Title string field to produce the following Title

and Options dialog box.

Title and Options

Tithe:

X

Since the default options will be used for this example, no changes are necessary. Click the Next
button to access the Distributions and Links dialog box. Since we intend to fit a Poisson-log model,
select the Poisson option from the Distribution type drop-down list box. For this example, we will

estimate the scale parameter of the model by using the Pearson y* estimate (see Section 5). Select
the Pearson option from the Estimate scale? drop-down list box to produce the following

Distributions and Links dialog box.
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Distributions and Links [5__<|

Distribution type: | Poiszon j

Link. furnctior: | Log j

[nclude intercepty?

[+ ‘Yex [ Mo
o r [
Estimate zzale? |F'ears-:un ﬂ

Move on to the Dependent and Independent Variables dialog box by clicking on the Next button.
Specify the response variable cntdiag by selecting it from the Variables in data list box and clicking
on the Add button of the Dependent variable section. In a similar fashion, add the covariates sex
and race_d to the Independent variables list box to produce the following Dependent and
Independent Variables dialog box.

Dependent and Independent Yariables El

Y ariables in data:

‘ cntdiai

Dependent wanable:

| chtdiag
<< Bemove

CEMREG
FACTYPE
A2TwWA0

Independent warables:

zEw
race_d

Frequency variable:

A 40 i
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Since the data are not frequency table data and no offset variable is used for this example, go to the
Survey Design dialog box by clicking on the Next button. The strata are the census regions
(CENREG) and are specified by selecting the variable CENREG from the Variables in data list box
and clicking on the Add button of the Stratification variable section. Similarly, add the PSU variable
FACTYPE and the design weight variable A2TWAO to the Cluster variable and Weight variable boxes
respectively to produce the following Survey Design dialog box.

Survey Design E|

W anables in data:

|.&2TW.¢.EI

chtdiag Stratification wariable:
sl | CEMREG
race_d << Hemove
CEMREG
FACTYPE
Cluzter vaniable:
| FACTYPE
<< Remove
I:l Weight wariable:

<< Remove

[ Einite Population Carrection Factar

[+ [

| -

Since no finite population information is available, we are done. The next step is to click on the
Finish button to open the following text editor window for cntdiag.pr2.
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B it diag.PR2 E| [E| El

GlimOptions Converge=0.0001 MaxIter=100 MissingCode=-999993 IterDetails=No *
Method=Fisher;

Title=Poisson-Log Model for ADSS Data;

=¥="C:Program FileshTisrel87ASGLIMEX \entdiag. PSR!

Digtribution=P0I;

Link=L0G;

Intercept=Yes;

Scale=FPearson;

DepVar=cntdiag;

Covars=sex race_d;

Stratum=CEMREG;

Cluster=FACTYPE;

Eeight:AETHAD;

£ | >

14|

We are now ready to submit our GLIM analysis. This is achieved by clicking on the Run Prelis
toolbar icon to produce the text editor window for cntdiag.out.

Discussion of results — Poisson-log model

A portion of the results of the Poisson-log GLIM analysis is shown in the following text editor
window.

B¥cnt diag.OUT E| [E| f'5__<|
M

Statistic Yalue Den. DF Mum. DF P Yalue
Adjusted Wald F 2.8314 2 7 0.1255599
Wald Chi-square 6.4718 2 0.125599

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

Estimated Regression Weights

Standard
Parameter Estimate Error z Walue P Walue
intcept 0.3302 0.05857 5.89248 0. 0000 =
sex 0.0519 0.07o9 0.8728 0.3829
race_d 0.1187 0.0820 1.8818 0.0599

SCALE 0.7478

Mote: The scale parameter estimate is based on the Pearson Chi-square walue
phi = Sguare Root of ({The Pearson Chi-square walue/degrees of freedom) *
| b
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SURVEYGLIM reports the Adjusted Wald F and y° test statistic values for testing the null

hypothesis that all the regression weights are equal to zero which may be expressed as (cf.
American Institutes for Research & Cohen, 2003)

= h:1H ﬁy?flﬁ
(z n —H j*r
h=1
and
X, =pTp

H
respectively where H denotes the number of strata, Znh denotes the number of PSUs, r denotes
h=1

the number of covariates of the model, B denotes the estimate of the parameter vector, §, of

regression weights and Y denotes the estimated asymptotic covariance matrix of the estimators of
the elements of B. If the null hypothesis is correct, F, and X’ approximately follow an F

H
distribution with r and Znh —H —r +1 degrees of freedom and a y* distribution with r degrees

h=1
of freedom respectively.

Both the values of the Wald F and j° test statistics are not statistically significant if a

significance level of 5% is used. Hence, there is insufficient evidence to conclude that both gender
and race influence the number of diagnoses of a client. This finding is supported by the non-
significant z test statistic values for the significance of the individual parameters.

The scale parameter estimate is less than unity which indicates under-dispersion for the response
variable. In other words, the sample variance of the variable cntdiag is less than its mean.

Estimated outcomes for different groups

The fitted model follows from the output file above as
E[cntdiag, | = exp(0.33+0.06*sex, +0.12*race_d, )

Although gender and race did not significantly affect the number of diagnoses, the following
examples illustrate how the fitted model can be used to calculate the mean of number of diagnoses
for various subgroups when there are statistically significant differences among them. This fitted
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model implies that the mean number of diagnoses for a white female client (sex, =1 and
race, =1) is given by

exp(0.33+0.06+0.12) =exp(0.51) =1.67

Similarly, the mean number of diagnoses for a nonwhite female client (sex, =1 and race, =0) is
1.48. It also follows from the output above that exp(ﬁl):exp(0.0G):l.OG is the multiplicative

effect of gender on the fitted number of diagnoses for a client. This implies that, on the average,
female clients have a 6% higher estimated mean number of diagnoses than male clients. Similarly,

it follows that exp(ﬁz) :exp(0.12) =1.13 which implies that, on the average, the fitted number of
diagnoses is 13% higher for white clients than for nonwhite clients.

Ignoring stratification and clustering in the sample

Setting up the analysis

The stratification and clustering can be ignored by not specifying the stratification and cluster
variables on the Survey Design dialog box. However, it is recommended to change the title of the
analysis to distinguish it from the previous analysis. This is done by selecting the Title and Options
option on the SURVEYGLIM menu to go to the Title and Options dialog box and then by entering the
string Fitting a Poisson-Log model with design weights only in the Title string field. Since our
model remains the same, click on the Next buttons of the Title and Options, the Distributions/Links
and the Dependent and Independent Variables dialog boxes respectively to go to the Survey Design
dialog box. Remove the stratification and cluster variables by clicking on the Remove buttons of
the Stratification variable and Cluster variable sections to produce the following Survey Design
dialog box.
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Survey Design ['5__(|

Y ariables in data;

chtdiag
TEN
race_d
CENREG
FACTYPE
A2TwWiAN

Stratification variable:

Cluzter vanable:

Wieight variable:
|.-’-'-.2TW:’-‘~EI

il f N

<< Remove

[ Finite Population Carrection Factar

o [

As this completes our modifications, click on the Finish button to open the following text editor
window for cntdiag.pr2.

= cntdiag.PR2 EHEW__(I

GlimOptions Conwerge=0.0001 MaxIter=100 MissingCode=-999993 IterDetails=No
Method=Fisher;

Title=FPoisson-Log Model for ADSS Data;

=f='C:\Program Filesh\lisrel 87 \SGLIMEX \cntdiag. PSR,

Digtribution=P0I;

Link=L0G;

Intercept=Yes,

Scale=Pearson;

DepWar=cntdiag;

Covars=sex race_d;

Weight=AZTWAD; w
£ [ >

As before, submit the analysis by clicking on the Run Prelis toolbar icon to produce the text editor
window for cntdiag.out.

Discussion of results

A portion of the text editor window for cntdiag.out is shown below.
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B cntdiag.OUT

Estimated Regression Weights

Standard
Parameter Estimate Error z Walue P vWalue
intcept 0. 3302 0.0009 367 . 2548 0.00oao0
SEx 0.0519 0.0018 39,3322 0.00oao0
race_d 0. 1167 0.0014 7h. 4532 0.00oao0

SCALE 0.7478

Mote: The scale parameter estimate is based on the Pearson Chi-square wvalue
| phi = Sguare Root of (The Pearson Chi-sguare wvalue/degrees of freedom)
W
£ *

The results above indicate that although the parameter estimates are identical to those obtained
when the design of the complex survey was taken into account, the standard error estimates are
significantly smaller (cf. Brogan, 1998). As a consequence, both gender and race appear to have a
statistically significant effect on the number of substance abuse diagnoses at a p < 0.00001 level of
confidence. This is a reversal of the results obtained when the complex sampling design was taken
into account. As this example indicates, inferences based on an analysis that does not correct for
the reduced precision of a complex sampling design can be very misleading.

Correcting for over-dispersion in an analysis of counts

The results for the Poisson-log model indicated the presence of under-dispersion. Although the
negative Binomial distribution is intended for dealing with over-dispersion, we will use it here for
illustrative purposes.

Setting up the analysis

In order to fit the Negative Binomial-log model interactively to the data in cntdiag.psf, we only need
to re-specify the sampling distribution. As in the previous analysis, start by modifying the title to
Fitting a Negative Binomial-Log model by accessing the Title and Options dialog box and clicking
the Next button to go to the Distributions and Links dialog box. Select the Negative Binomial option
from the Distribution drop-down list box to produce the following Distributions and Links dialog
box.
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Distributions and Links

Digtribution bype:

Link. function: Log

Inchude intercept?

[+ ‘Yes [ Mo

E ztimate dizperzion?

[+ ‘ez " Fired walue: |

<< Previous M et

Cancel | ak. |

the Finizh buttan

Tobuild spntax, proceed to the Survey Design screen and click

Since the rest of the model remains the same, click on the Next buttons of the Distributions and
Links and the Dependent and Independent Variables dialog boxes respectively to go to the Survey
Design dialog box. Specify the complex survey design again by selecting the variables CENREG
and FACTYPE from the Vvariables in data list box and clicking on the Add buttons of the
Stratification variable and Cluster variable sections respectively to produce the following Survey

Design dialog box.
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Survey Design le

“ariables in data:

Stratification wariable:
|EENHEG

chtdiag

=k

race_d << Bemove
CEMREG

FACTYPE

A2TwAD Cluster variable:

| FACTYPE

<< Remove

WWieight wariable:

il B fil

|A2TU£&D
<< Remove
[ Finite Population Carrection Factar
[+ [
<< Previous | Einizh Cancel | |

Tobuild sypntax, click the Finizh buttar .

Click on the Finish button to open the following text editor window for cntdiag.pr2.

B cntdiag PR2 E| [Efgl

GlimOptions Converge=0.0001 MaxIter=100 MissingCode=-899999 IterDetails=Na @
Method=Fisher;

Title=Foisson-Log Model for ADSS Data;

S¥='C:AProgram Fileshlisrel87WS6GLIMER\cntdiag. PSF'

Distribution=KBIM;

Link=L0G,;

Intercept=Yes;

Dispersion=Yes;

DepWar=cntdiag;

CovVars=sex race_d;

Stratum=CEMREG;

Cluster=FACTYPE;

Weight=AZTWAD; =
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Submit the analysis by clicking on the Run Prelis toolbar icon to open the text editor window for
the corresponding output file cntdiag.out.

Discussion of results — negative Binomial model

A portion of the text editor window for cntdiag.out is shown below.

= cntdiag OUT Q@E|
Fat

Statistic YValue Den. DF Mum. DF P value
Adjusted Wald F 2. 7850 2 7 0.130319
kWald Chi-square £.3201 2 0.130319

Note: The Wald F Test and Chi-square Statistics are statistics to test the
hull hypothesis that all the regression weights are eqgual to zero.

Estimated Regression Weights

Standard
Parameter Estimate Error z YWalue P value
intcept 0.3302 0.0319 10..3451 0. o0ooo
Sex 0.0819 0.0488 1.2738 0. 2027
race_d 0. 1167 0.0872 1.7358 0.082a8
CISPERSH 0. oooo D.