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1.

Fixed Theta Estimation

1.1

Introduction

The purpose of fixed theta estimation is to specify the computation of the item parameters with
respect to an external variable, the values of which are supplied in the data records, rather than
to a latent variable inferred from the item responses. When item parameters are estimated in this
way and used to score test data of any other groups of examinees, the resulting scores are the
best predictors of the ability measured by the external variable.
In each record of the calibration data, each test in the analysis must be represented by a value of
the external variable. In the multidimensional case, the number of external variables must be
equal to the number of dimensions.
Note that the estimation of fixed effects is only available when MH-RM is selected as the method
of estimation. In this case the Fixed Theta tab on the advanced options dialog is activated and
the variable(s) can be selected from the IRTPRO spreadsheet (*.ssig) file that contains the item
responses and external variable values.
As an example, suppose a group of students took an end-of-term reading test and math test
routinely administered to all students in a metropolitan school district. Suppose these students
were also part of the sample for a state assessment of reading and math achievement. If scores
and standard errors on the assessment tests for these students were available to the district, the
district test could be calibrated to best predict the state reading and math scores of students of
all students in the district. For this purpose, the state test results would serve as the external
variables for calibrating items of the local tests to predict the state assessment’s scores.

1.2

Confirmatory Factor Analysis of Political Action Survey Data

To illustrate, data from a Political Action Survey will be used. This was a cross-national survey
designed and carried out to obtain information on conventional and unconventional forms of
political participation in industrial societies (Barnes & Kaase, 1979).
The first Political Action Survey was conducted between 1973 and 1975 in eight countries:
Britain, West Germany, The Netherlands, Austria, the USA, Italy, Switzerland, and Finland.
New cross-sections including a panel were obtained during 1980–81 in three of the original
countries: West Germany, The Netherlands, and the USA. All data was collected through
personal interviews on representative samples of the population 16 years and older.
The Political Action Survey contains several hundred variables. For the present purpose of
illustration the six variables representing the operational definition of political efficacy will be
used. These item have been previously analyzed by Aish & Jöreskog (1990), Jöreskog (1990),
and Jöreskog & Moustaki (2001, 2006), among others. In this example we use data from the
first cross-section of the USA, Germany, The Netherlands, Austria, Italy and Switzerland
samples.
The conceptual definition of political efficacy is the feeling that individual political action does
have, or can have, an impact upon the political process (Campbell, et al., 1954). The
operational definition of political efficacy is based on the responses to the following six items:
o NOSAY: People like me have no say in what the government does
o VOTING: The only way that people like me can have any say about how the government
runs things is by voting
o COMPLEX: Sometimes politics and government seem so complicated that a person like
me cannot really understand what is going on
o NOCARE: I do not think that public officials care much about what people like me think
o TOUCH: Generally speaking, those we elect lose touch with the people pretty quickly
o INTEREST: Parties are only interested in people’s votes but not in their opinions
Permitted responses to these statements were:
1=agree strongly
2=agree strongly
3=disagree
4=disagree strongly
-1=no answer or do not know. (Missing value code)

In this example we assume that there are two components Political Efficacy, and that NOSAY,
VOTING and COMPLEX are indicators of the first factor whereas NOCARE, TOUCH and
INTEREST are indicators of the second factor.
The first 10 rows of the IRTPRO spreadsheet efficacy_six_countries.ssig is shown below. The
external variables Theta1 and Theta2 in the last two columns are standardized latent variable
scores obtained by fitting a confirmatory factor analysis (CFA) model with LISREL (Scientific
Software International) using adaptive quadrature.

Country is used as the grouping variable. By right-clicking on the Country heading, three menu

items are obtained as shown below.

Select Properties to view or edit the values, number of observations and country names (labels).

To obtain a graphical display of the distribution of the Theta-values for the six countries,
select the Graphics, Continuous… option as shown below:

Under Select Group, select the variable Country and then select the variables Theta1 and
Theta2. Click the OK button when done

A graphical display of the distributions is shown below:

To start the exploratory factor analysis (CFA), select the Analysis, Multidimensional… option
from the main menu bar and use the Title and Comments text boxes to describe the analysis.

Type in a title and comments as shown below.

Next, click on the Group tab and select Country as the grouping variable. Select country number
1 (The USA) as the reference group.

Proceed to the Items tab to select the items NOSAY to INTEREST. In the Number of latent
dimensions: field enter "2". Before proceeding to the Models tab, make sure to click on the
Apply to all groups button so that the same number of dimensions and the same set of items are

selected for each group. In doing so, a message box is displayed to inform the user that this
selection will override any existing selections that might have been made. See dialogs below.

Select the Models tab that will automatically display the default IRT model for each item,
(Graded in the present case). Click on the Apply to all groups button to ensure the same
selection for all countries.

Click the Constraints button to display the Item Parameter Constraints window. Note that the
default display of the Item Parameter Constraints window shows the listing of parameters as
items sorted within groups.

To impose constraints with the purpose of implementing a confirmatory factor analysis (CFA)
model with equal intercepts across groups, it will be easier to change the order of the
parameters listed as groups sorted within items. To accomplish this, double-click on the Group,
Item header to obtain the Item, Group dialog shown below.

To impose constraints with the purpose of implementing a confirmatory factor analysis (CFA)
model, it will be easier to change the order of the parameters listed as groups sorted within
items. To accomplish this, double-click on the Group, Item header to obtain the Item, Group
dialog shown below.
Next, to obtain a CFA model with NOSAY, VOTING and COMPLEX loading on the first factor
only and NOCARE, TOUCH and INTEREST loading on the second factor only, it is necessary to
set the a2 slopes equal to 0.0 for NOSAY, VOTING and COMPLEX and likewise the a1 slopes
for NOCARE, TOUCH and INTEREST. This is accomplished by selecting the a2 parameters
shown in blue by using the Shift key in combination with the mouse. Once selected, right-click
to obtain the following dialog:

Select the Fix Value… option and the default value of 0.0 to obtain the dialog shown below.

This procedure is repeated for all the a1 parameters of NOCARE, TOUCH and INTEREST.
The resultant constraints dialog is shown next.

Click OK to return to the Multidimensional screen.
In order to change the estimation method from the default (Bock-Aitkin) to MCMC, check the
Options button (bottom-left on Multidimensional screen). Select the Estimation tab and
select MCMC as estimation method. Note that in doing so, the Fixed Thetas tab is enabled as
shown in the Advanced Options dialog box below.

To start the fixed theta analysis, click on the Fixed Thetas tab and select the external
variables Theta1 and Theta2.

When done, click OK to return to the Multidimensional screen and the selct the Run button.
The screenshot below shows the program progress which is normally very fast and then
pause for several seconds while the log-likekihood value is computed.

Once this computation is completed the output results are displayed in the form of an *.htm
file.

