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New in IRTPRO™ 6

IRTPRO™ 6 academic license holders now have access to a trial version of flexMIRT® for evaluation
purposes and to cross-train students on flexMIRT® syntax. You may open a *.flexMIRT syntax file
directly from within IRTPRO™ and run the analysis. The trial engine of flexMIRT included in IRTPRO™
6 is for teaching and evaluation purposes.

You will notice that the trial version is capacity-restricted in the following manner:

e The maximum number of items is 20 in trial version.

e Multilevel analysis is not available in trial version.

e The maximum number of groups is 2 in trial version.

e There is a sample size limit of 1,500 per group.

e Only the Bock-Aitkin EM algorithm is available in trial version.
o Classical item statistics mode is not available in trial version.

e Simulation mode is not available in trial version.

e The engine is single-threaded.

e Only Basic level GOF stats are available.

e No M, family goodness-of-fit indices are available.

Additional changes:

e Tabbed child windows have been added, along with an output panel to display additional

information.
e improved scaling functionality to support UHD display resolution
e bug fixes

The Open dialog box now allows the opening of flexMIRT® syntax files:

File name: v| | IRTPRC Cornmand File (*.irtpro) ‘.’

IRTPRO Command File ("irtpro)
IRTPRO Data File (*.ssig)

IRTPRO HTML Output File (*.htm)
flexMIRT Text Qutput File (*.xt)
Fixed Format Data (* fixed)

After opening, the flexMIRT® syntax is displayed in the main IRTPRO™ window.



L% IRTPRO - 2PLM_example.flexmirt - O 4
File Edit Wiew Analysis Window Help

W=y = =

Start ¥ 2PLM_example.flexmirt  »

kProject>
Title = "2PLM example”;
Description = "12 items 1 Factor, 1 Group 2PLM Calibration™;

<Options:
Mode = Calibration;
SavePRM = Yes;

<Groups>
%Groupli
File = "g341-19.dat";

Varnames = vl,v2,v3,vd,v5,v6,v7,v8,v9,v10,v1l,v12;
N = 1568;
Neats(wl-v12)
Model({wvl-v12)

2;
Graded(2);

<Constraints>

Done

For more information about flexMIRT®, please visit: store.vpgcentral.com. For purchasing, please visit
vpgcentral.com.

Please download the examples from our website at https://www.vpgcentral.com
[software/irtpro/support-6-0/ and unzip them into a convenient folder location. The examples shown in
the manual uses ‘C:\IRTPRO Examples’ and you are more than welcome to use the same or a different
location. Please note that the actual location may be different on your machine.
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1. Introducing IRTPRO

1.1 IRTPRO features

IRTPRO (Item Response Theory for Patient-Reported Outcomes) is an entirely new application for
item calibration and test scoring using IRT .

Item response theory (IRT) models for which item calibration and scoring are implemented in
IRTPRO are based on unidimensional and multidimensional [confirmatory factor analysis (CFA) or
exploratory factor analysis (EFA)] versions of the following widely used response functions:

o Two-parameter logistic (2PL) (Birnbaum, 1968) [with which equality constraints includes the
one-parameter logistic (1PL) (Thissen, 1982)]

Three-parameter logistic (3PL) (Birnbaum, 1968)

Graded (Samejima, 1969; 1997)

Generalized Partial Credit (Muraki, 1992, 1997)

Nominal (Bock, 1972, 1997; Thissen, Cai, & Bock, 2010)

o O O O

These item response models may be mixed in any combination within a test or scale, and any
(optional) user-specified equality constraints among parameters, or fixed values for parameters, may
be specified.

IRTPRO implements the method of Maximum Likelihood (ML) for item parameter estimation (item
calibration), or it computes Maximum a posteriori (MAP) estimates if (optional) prior distributions
are specified for the item parameters. That being said, alternative computational methods may be
used, each of which provides best performance for some combinations of dimensionality and model
structure:

Bock-Aitkin (BAEM) (Bock & Aitkin, 1981)

Bifactor EM (Gibbons & Hedeker, 1992; Gibbons et al., 2007; Cai, Yang & Hansen (2011)
Generalized Dimension Reduction EM (Cai, 2010-a)

Adaptive Quadrature (ADQEM) (Schilling & Bock, 2005)

Metropolis-Hastings Robbins-Monro (MHRM) (Cai, 2010-b, 2010-c)

Markov Chain Monte Carlo (MCMC) Patz-Junker's (1999-a, 1999-b)

o O O O O O

The computation of IRT scale scores in IRTPRO may be done using any of the following methods:
o Maximum a posteriori (MAP) for response patterns
o Expected a posteriori (EAP) for response patterns (Bock & Mislevy, 1982)

o Expected a posteriori (EAP) for summed scores (Thissen & Orlando, 2001; Thissen, Nelson,
Rosa, & McLeod, 2001)

Data structures in IRTPRO may categorize the item respondents into groups, and the population latent
variable means and variance-covariance matrices may be estimated for multiple groups (Mislevy,



1984, 1985). [Most often, if there is only one group, the population latent variable mean(s) and
variance(s) are fixed (usually at 0 and 1) to specify the scale; for multiple groups, one group is
usually denoted the "reference group" with standardized latent values.]

To detect differential item functioning (DIF), IRTPRO uses Wald tests, modeled after a proposal by
Lord (1977), but with accurate item parameter error variance-covariance matrices computed using
the Supplemented EM (SEM) algorithm (Cai, 2008).

Depending on the number of items, response categories, and respondents, IRTPRO reports several
varieties of goodness of fit and diagnostic statistics after item calibration. The values of —2 log
likelihood, Akaike Information Criterion (AIC) (Akaike, 1974) and the Bayesian Information
Criterion (BIC) (Schwarz, 1978) are always reported. If the sample size sufficiently exceeds the
number of cells in the complete cross-classification of the respondents based on item response
patterns, the overall likelihood ratio test against the general multinomial alternative is reported. For
some models, the M statistic (Maydeu-Olivares & Joe, 2005, 2006; Cai, Maydeu-Olivares, Coffman,
& Thissen, 2006) is also computed. Diagnostic statistics include generalizations for polytomous
responses of the local dependence (LD) statistic described by Chen & Thissen (1997) and the SS-X?
item-fit statistic suggested by Orlando & Thissen (2000, 2003).

1.2 Organization of the user's guide

The user's guide has been written to introduce item response theory (IRT) models to researchers new
to this field. It also serves as a guide to researchers who are already familiar with the existing IRT
programs distributed by Scientific Software International and are upgrading to a program that has
an easy-to-use graphical user’s interface (GUl) and can handle multidimensional models. In this
guide the focus is on the "how to" part of IRT.

Chapter 2 provides a brief description of the Gul, since the examples in the remaining chapters
further illustrate the features of the user's interface.

IRTPRO uses its own data format, displayed in spreadsheet form. Data may be imported from an
extensive list of statistical software packages and spreadsheet programs. Chapter 3 deals with data
import and manipulation and Chapter 4 deals with the calculation of traditional summed-score
statistics.

Chapters 5 to 7 deals with the estimation (calibration) of IRT models. Chapter 5 is concerned with
the fitting of unidimensional models and Chapter 6 deals with multiple groups and differential item
functioning (DIF). In Chapter 7, we describe how IRTPRO handles exploratory and confirmatory
factor analysis models. This chapter also contains examples illustrating the fit of bifactor and one
and two-tier testlet response theory models.

Unlike classical test theory, IRT does not in general base the estimate of the respondent's ability (or
another attribute) on the number-correct (NC) or summed score. To distinguish IRT scores from their
classical counterparts, we refer to them as "scale™ scores. The computation of IRT scale scores in



IRTPRO may be done using one of the three methods discussed in Chapter 8.

One way of evaluating the impact of the violation of model assumptions, as well as studying factors
such as the impact of choice of models, examinee sample sizes, the shape of ability distributions,
and test length, and many other factors, is via simulation studies, also referred to as Monte Carlo
studies. The purpose of the IRTPRO simulation module, the topic of Chapter 9, is to simulate
examinee item response data given true model parameter values (both items and subjects). The
simulation module creates data files in a form that can be directly run in the IRTPRO software as well
as being saved for future use.

There are occasions where researchers want 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. This method of estimation is referred to
as Fixed Theta estimation, the topic of Chapter 10.

Graphics are often a useful data-exploring technique through which the researcher may familiarize
her- or him with the data. IRTPRO offers both model-based and data-based graphs. The Model-based
graphs discussed in Chapter 11 cover item- and test- characteristic curves; information and total
information curves and are available for unidimensional IRT models only. This chapter also contains
four types of graphical displays that serve as diagnostic tools for the MCMC method of estimation.

The mcMc graphical procedure discussed in Chapter 12 produces four types of plots that can aid
further in convergence checks as well as identifying problems associated with the specification of
an IRT model.

In the case of the data-based graphs presented in Chapter 13, IRTPRO distinguishes between
univariate and bivariate graphs. Univariate graphs are particularly useful to obtain an overview of
the characteristics of a variable. However, they do not necessarily offer the tools needed to explore
the relationship between a pair of variables.

For most unidimensional and bifactor IRT models parameter estimation can be done effectively
selecting the Bock-Aitkin EM algorithm (the default estimation method). In the case of
multidimensional models, the method of estimation depends to a considerable extent on the number
of dimensions of the model to be fitted. A general rule is that two-dimensional models can be handled
effectively using Bock-Aitkin or adaptive quadrature. For three- to four-dimensional models, the
estimation methods of choice are adaptive quadrature and MH-RM. Higher dimensional models are
handled most effectively using MH-RM and MCMC. Chapter 14 provides a brief description of the
options available for each of these estimation methods.

Each analysis created by the GuI produces a syntax file, being a record of a user's selections from
the sequence of dialogs. If a syntax file is opened, IRTPRO automatically fills the relevant Gui dialogs
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that can be viewed and modified. These aspects are dealt with in Chapter 15.
2. Graphical users’ interface

2.1 Introduction

In this chapter, the major features of the IRTPRO graphical users’ interface (GUI) are summarized.
The examples in Chapter 3 through to Chapter 12 were all created via the GUI. Use of the available

menus and dialogs are discussed in detail in these chapters.

When IRTPRO is launched (typically by clicking on the IRTPRO icon on the computer desktop), a
page is opened containing clickable links to recently used files, the Import Data menu, online help
documentation and to gain access to the SSI website. At this stage, the main menu bar displays the

File, View and Help options.

| IRTPRO [FEER—)
File View Help
D d| |& ?
IRTIPRC
Flexible Professional ltem R Theory Modeling for Patient-Reported Outcomes

3 Start New Project ® IRTPRO Guide
=~ Import Data @ Connect to SSI website
@ Online help for IRTPRO

Recently Opened Files
SelfMon4.ssig [C:\IRTPRO Examples\By Dataset\SelfMonitoring\]
Isat6ScoreTable.irtpro [C:\IRTPRO Examples\By Dataset\LSAT6\]
| Eysenck87-itemsl 57.ssig [C:\IRTPRO Examples\By Dataset\Impulsivity\]
AACL3 21Items.ssig [C:\IRTPRO Examples\By Dataset\AACL\]
simul5.ssig [C:\IRTPRO Examples\By Dataset\Simulated\]

mn

1

Done ] NUM A

2.2 Opening an rTPRO data (ssig) file

By clicking the File button, the drop-down menu shown below is activated.
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e

View Help
New... Ctrl+N
Open... Ctrl+O
Import...
Print Setup...

1 Asthma34.ssig

2 Eysenck87-itemsl_57.2PL-Oitems-irthtm
3 Eysenck87-itemsl_57.ssig

4 SelfMon4d.irtpro

5 SelfMond.ssig

Close
Exit

By selecting the Open option, a standard Open dialog box is displayed.

Lookin: | Spelling

b Mame Date modified

= | Spelling.ssig 5/2/2011 11:45 AM
Recent Places

Libraries

A

Computer

@ < | 10
Spelling.ssig -

File name:
Metwaork

Files oftype: |I|RTPRO Data Fil.ei:_ss'ﬁ}

IRTPRO Command File (*.i
IRTPRO Data File (*.ssig
Fixed Format Data (*fixed)
IRTPRO HTML Output File (*.htm})
IRTPRO PlotFiles (.irtplof)

All Files (%)

There are five main file types that IRTPRO can open, these being:

@)

@)

e}

e}

@)

An IRTPRO command (syntax) file with extension .irtpro (See Chapter 14)
An IRTPRO data file with extension .ssig (See Chapters 4 to 12)

Fixed format data with extension .fixed (See Chapter 3)

An IRTPRO HTML output file with extension .htm (See Chapters 4 to 8)

An IRTPRO plot file with extension .irtplot (See Chapter 10)

A file with extension .ssig refers to an IRTPRO data file and is typically created by importing data
from a statistical software package such as SPSS or SAS or a spreadsheet program such as Excel. The
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import of data into . ssig format is dealt with in Chapter 3.

2.3 Spreadsheet main menu bar

IRTPRO data files are displayed in spreadsheet form.

IRTPRO - [Spelling.ssig]

[®] File Edit Data Manipulate Graphics Analysis View Window Help
DS H| % B2R|E 7

I Ficlity Paniaramic | Sucourb | Girder I Gender

mmﬂmmhml\)l

o o oo oo oo o=
o0 0o oo oo o oo
o000 o oo oo oo
00 22 oo oo oo
Lo ol alalalalalalo

(=}

L]

Ready

Once a file of type .ssig is opened, the main menu bar displays several options. For example, by
clicking the Analysis button the drop-down menu shown below is obtained.

IRTPRO - [Spelling.ssig]

[#] File Edit Data Manipulate Graphics [ Analysis| View Window Help

J == B|E % | Traditional Summed-Score Statistics...
Infidility P anoramic | Succumb I Unidimensional IRT...

Multidimensional IRT...

IRT Scoring...

Advanced Options...
v Show Progress Box

oo oo oo oo oiE
2 0o oo oo oo o
oo 0o oo oooo

There are four main types of analyses, namely:
Traditional summed-score statistics (See Chapter 4)
Unidimensional IRT (See Chapter 5 and 6)
Multidimensional IRT (See Chapter 7)

IRT scoring (See Chapter 8)

IRT simulation (See Chapter 9)

O O O O
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There are two additional items on the Analysis list, these being Advanced Options... (See Section
2.9) and Show Progress Box. By selecting the Show Progress Box option (the default), various

results of the analysis are displayed, enabling the user to visually determine if the analysis is still
running and what progress has been made.

The image below is a screen shot of the progress box for an analysis that is partially completed.

IRTPRO X
IRTFRO: Test 1
Par=ing config
Record 0 ~ 586
Beginning IRTFRO computations
Initializing integration methods. . done.
Initializing segment structures. .. done.
Initializing item structures... done.
Initializing data structures... done.
27 21.9162 63709.7570
i

2.4 Test Tabs
Regardless of the type of analysis specified, several tests (analyses) may be created using the same

IRTPRO dataset. To insert a new test, right-click on the right-hand side of a current test to insert a
new test tab.
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Data File: I C:\IRTPRO Examples'By Dataset\speling\Spelling. ssig J Read File |

Test1 |

Insert Test...
Celete Test pdels l| Scoring l| Simulation l

Rename

Manage Test...

-

Comments:
2PL model. Grouping is Gender

Options... | oK I Cancel Run

By right-clicking on a test tab, the test may be renamed or deleted. The sequence of steps to rename
the first test tab to 2PL is shown below.

Select the Rename option Enter 2PL

Data File: I C:\IRTPRO Examples\By Dataset'\Spelling’,

Data File: I C:\IRTPRO Examples\By Datazet\Speling\Speling.ssig

| 2PL | Test2 |
Test] |
Insert Test... l Description IGmup || ftems || Models I|Scnring
O Delete Test s || Scoring || Simuiation | Tile:
Rename Spelling Test - 4 tems
Manage Test...
Comments:

2.5 The Description, Group and Items tabs

When a traditional statistics, unidimensional, or multidimensional analysis is requested via the
Analysis option, the first three tabs displayed in the corresponding analysis window are Description,

Group, and Items. Each of the Description, Group and Items dialogs will be briefly discussed in
Sections 2.5.1t0 2.5.3.
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2.5.1 The Description tab

i il
Unidimensicnal Analysis ] ' . Iﬁ
- -
Data File: | C:\IRTPRO Examples\By Dataset\PISA MathBook 1\PISAMathBook 1USUK. ssig

Tradtional | |

] Rasch| TRT |

Description ]Group || tems. || Models || Scoring || Simulation |

Title:
2-group IRT Analysis (GPC model for polytomous tems)

Comments:

Midture of 2PL and General Partial Credit Models

Options... oK | Cancel | Run |

LS = = = = =

e e e e e e e e e e e e e e e

The Description tab has two text boxes that are used to enter a title (description) and optional
comments for each test tab. Shown above is the Description tab for a Unidimensional Analysis
based on the test named IRT .

2.5.2 The Group tab

The Group tab allows one to select one or more grouping variable(s) from the List of Variables:
text box. In the dialog shown below, the variable Country was selected as the grouping variable. By
default, the first group is selected as the reference group. However, the Group dialog box allows the
user to select any other group as the reference. Examples of the use of the Group tab are given in
Chapters 6 and 7.
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F ™

Data File: | C:\IRTPRO Examples'By Dataset\PISA MathBook 1\PISAMathBook 1USUK, ssig J Read File |

Tradtional  IRT 'Haschl TRT |

| Deseription | Group I ltems || Madels l|5coring l|5imulatior1|

List of variables: Group: > |

Cubel Country 4+
Cubed

Cubed +
Fams 1 add > |

Fams4

Walking1

Walking3

Apples1

Apples2

Apples3 [Ref] Name | Country

Cortinent Gl 1
Grow1
Grow3 C1G2 2
Grow2

Courtry

Options... oK I Cancel Run

2.5.3 The ltems tab

The Items tab dialog box for a traditional statistics or unidimensional IRT analysis is shown below.
Items can be selected for each group from the List of variables: column and adding it to the Items:
column.

In most practical applications, a multiple group analysis is based on the selection of the same set of
items for each group. If this situation applies, the user selects the items from the List of variables:
for the first group and then clicks on the Apply to all groups button to make the same selection for
all groups. See Chapters 4 to 6 for examples that illustrate the use of the Items tab.
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Data File: | C:\IRTPRO Examples\By Dataset\PISA MathBook 1\PISAMathBook 1USUK. ssig

Tradtional  |RT 'F{aschl TRT |

| Description || Group | tems | Models || Scering || Simuiation |

Courtry
Grouping value: G111

List of variables:

Cubel
Cubed
Cubed
Fams1
Fams4
Walking1
Walking3
Applesi
Apples2
Apples3
Cortinent

(i F——

tems:

J Read file |

x|

Cubel
Cube3
Cubed
Farms1
Fams4
Walking1
Walking3
Aoples
Apples2

() F—T—

Apply to all group

3

.

The Items tab dialog for a multidimensional IRT analysis is shown below.

Traditional || IRT I|Fiasch|

Country

| Desctiption || Group | tems | Models || Scoring || Simulation |

Data File: | C:VIRTPRO Examples\By Dataset\PISA MathBook1\PISAMathBook 1USUK, ssig

J Riead File |

Grouping value: I[G-I] 1

List of varizbles:

Cube1
Cubel
Cubed
Farms1
Farms4
Walking1
Walking3
Applesi
Apples2
Apples3
Continent
4 1

Add > |

Mumber of latent
dimensions:

E =

Ttems:

Cubel
Cubed
Cubed
Fams1
Famz4
Walking1
Walking3
Apples
Apples?

Ammleo?i

Cp——

Apply to all groups

¢

Opfions... |

18



The only difference between this dialog and the corresponding one for a traditional statistics or
unidimensional IRT analysis is the presence of the text box Number of latent dimensions:. Note
that the number of latent dimensions must be specified by the user. Examples that illustrate the Items
tab dialog for multidimensional IRT analyses are given in Chapter 7.

2.6 The Categories tab

When a traditional summed-score statistics analysis is requested via the Analysis option, the fourth
(and last) tab displayed in the corresponding analysis window, is the Categories tab. The dialog
associated with the selection of this tab displays the default item scores associated with each of the
selected items. A user may change these scoring values by selecting a cell and then right-clicking
on the selected cell to display the Recode Item Scores... option as demonstrated in Section 2.7.1.

P — N
Traditional Summed-Score Statistics " . . @
- -
Data File: | C:\IRTPRO Examples'By Dataset\PISA MathBook 1\PISAMathBook 1USLK, ssig

Traditional l IRT ] F!asc:h] TRT ]

Options... oK | Cancel | Run |

L = = = =

|Descriptionﬂ|Group ﬂ| ftems | Categories l
Country I
Gouprg vk [T <] '
|
ftem List | Categories |Data Codes | tem Scores j |
2 0.1 D. 1 |
Cube3 2 0.1 0.1 |
Cubed 2 01 D1 |
Fams1 2 0.1 01 |
Fams4 2 0.1 01 |
Walking1 2 01 01 |
I Walking3 4 0,123 0123 |
Apples1 2 01 01 - |
Bead parameter values. . n LR L i
||
||
||
|
)

2.7 The Models tab

When a unidimensional IRT or multidimensional IRT analysis is requested via the Analysis option,
the fourth tab displayed in the corresponding analysis window is the Models tab. The dialog
associated with selection of this tab displays the default models associated with the items and allow
a user to change the model type and scoring values of the items.

The dialogs for unidimensional and multidimensional IRT differ somewhat in functionality. These
differences will be briefly discussed in Sections 2.7.1 and 2.7.2.
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2.7.1 The Models tab, Unidimensional IRT Analysis

The Models dialog displays, for each group, five columns of information, namely an item list, the
number of categories (distinct values) for each item, the data codes (values) extracted from the
IRTPRO dataset, the item scores (coded as 0, 1, 2,... where 0 corresponds to the smallest data code
value, etc.), and the model selected. For an item with two categories, the default model is the 2PL
model and for an item with more than two categories, the default is the Graded model.

il k]
Unidimensicnal Analysis ] ' . Iﬁ
e -
Data File: | C:\IRTPRO Examples\By Dataset\PISA MathBook 1\PISAMathBook 1USLK. ssig

Trad'rtic-nal“ IRT | Rasch] TRT ]

Options... oK | Cancel | Run |

W = = — = —

| Description ”|Gro|.|p ﬂ| ftems | Models lScoring [||Simulationﬂ

Country |

Grouping value: |[G1] 1 j
I
ftem List | Categories |Data Codes | ltem Scores| Model j |
Apples1 2 01 01 2PL I
Apples2 2 0.1 D1 2PL |
Apples3 3 01,2 D.1.2 Graded |
Continert 3 0.1.2 01,2 Graded |
Grow1 2 0.1 D1 2PL |
Grow3 2 0.1 D1 2PL |
I Grow2 3 0,12 0,12 I
j' I
Constraints... | DIF... | Apply to all groups i
|
|
||
1

Item scores can be user recoded. To do so, select a cell listing the scores to be changed. By right-
clicking on the selected cell, the Recode Item Scores... option is displayed.

Item List |CategoriesData Codesltemn Score: Model

M| »

Cubel 2 0,1 0,1 2PL

Cube3 2 0,1 0,1 2PL

Cube4 2 0,1 0,1 2PL

Farmsl 2 0,1 0,1 2PL

Farms4 2 0,1 0,1 2PL

Walkingl 2 0,1 0,1 2PL

Walking3 4 0,123 [ Recode [tem Scores... |

Apples1 2 0,1 0,1 .

Apples2 2 0,1 0,1 2PL

Apples3 3 0,1,2 0,1,2 GP Credit -
Constraints... " DIF... || Read parameter values... | Apply to all groups

Selection of this option opens, for each of the groups, an Item's Codes and Scores dialog. By
double-clicking on an Item Score: cell, the relevant cell may be edited, and a new value entered.
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The screenshots below show the recoding of the scores for the item walking3 from (0, 1, 2, 3) to (0,

1,1,2)

Double-click on row

~
Item's Codes and Scores &J
Ttem: Walking3
Data Codes Item Scares OK
0 0
Cancel

i ;

2 2

3 |

Edit number and click oK

Item's Codes and Scares &J
Item: Walking3
Data Codes Item Scores oK
0 0
Cancel
I ;
2 1

The user may also change the default model type. This is accomplished by selecting cell(s) that
display a similar model type that needs to be changed. Right-click on any of the selected cells to
display a drop-down list of available models and make a selection. See Section 6.2.2 for an example
that illustrates this function.

| Description "|Gmup "| tems | Models lScoring ”|Simulation"

Courtry
Grouping value: |[G'I] 1 j
em List | Categories | Data Codes | ltem Scores| Model j
Apples 2 0.1 0.1 2PL
Apples? 2 0.1 0.1 2PL
Apples3 3 0,12 0,12
Continent 3 0.1.2 0.1.2
Grow1 2 0.1 0.1 2PL
Grow3 2 0.1 0.1 2PL
Grow? 3 0,12 0,12 m 2pL
Constrairts... | DIF... | f .
— Graded
GPCredit
Maominal

At the bottom left of the Models dialog there are two buttons, labeled Constraints... and DIF...
respectively. The latter button gives access to a dialog for entering parameter values or reading them
from a file. Typically, these values are used to score a set of items that were previously calibrated,
see Chapter 8 for more details.

By clicking on the Constraints... button an Item Parameter Constraints window is invoked. Use
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of this window allows the user to fix or free parameters or to set selected parameters equal. Examples
to illustrate the use of the Item Parameter Constraints window are given in Sections 5.2.2, 5.2.3,
6.1,6.2.1,6.2.2,6.2.3,and 7.3.

F =

Group: Country

f Group, Item | e
G2, Cube4 a 37 |c 38
G2, Farmsl a 39 c 40
G2, Farms4 a 41 |c 42
G2, walkingl |a 43 |c 44
G2, Walking3 | a 45 | cl c2 c3 23
Trend - |41 46(712 47|13 48
G2, Applesl |a 49 | ¢ 50
G2, Apples2 |a 51 ¢ 52
G2, Apples3 |a 53 cl c2 3
Trend = |71 54|42 55 L
G2, Continent |a 56 |cl c2 c3
Trend = |41 57|12 58
G2, Growl a 58 ¢ Lili]
G2, Grow3 a 6l | c 62
G2, Grow2 |a 63 |c1 2 3 E
Trend - |7l 64|42 65
G1, Means
G1, Cov
G2, Means ul a6
G2, Cov oll 67 Ty

Set parameters equal across groups

0K | ’ Cancel

The DIF button (differential item functioning) is enabled when the analysis is to be performed for
multiple groups. An example that illustrates the use of the DIF Analysis dialog is given in Section
6.1.

(") Test all items, anchor all items.

Test candidate items, randomized groups:

(@) Test candidate items, estimate group difference with anchor items:

List of variables: Candidate

Cubel
Cube3

Cube4

:
Farmsl =
Farms4

walkingl
Walking3

Apples1 Anchor
Apples2
Apples3
Continent

Growl
Grow3

4 {11}

Group contrasts...
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2.7.2 The Models tab, Multidimensional IRT Analysis

The Models tab for a multidimensional analysis has the same functionality than that described in the
previous section for the unidimensional case, except that the buttons below the Multidimensional
Analysis window are labeled Constraints..., EFA..., and Bifactor..., where EFA denotes
exploratory factor analysis and Bifactor denotes a bifactor analysis.

F ™
Multidimensional Analysis -_ 2 u

Data File: | C:\IRTPRO Examples\By Dataset\PISA MathBook 1\PISAMathBook 1USLK. ssig J Read File |

Tradtionial || IRT ||Rasch| TRT |

| Description ||Gro|.|p || ftems | Models 'Scoring ||Sin1u|atior1|
Country
Grouing vale: -
ltem List | Categories |Data Codes | liem Scores|  Model | i’
2 0.1 01 2FL
Cube3 2 0.1 01 2FL
T | Cubed 2 0.1 01 2FL
| T | Fammst 2 0.1 0.1 2PL
| | Fams4 2 0.1 0.1 2PL
| walking 2 0.1 0.1 2PL
I " |wakingz 4 01,23 01,23 Graded
| Applest 2 0.1 0.1 2PL v|
Constraints... | EFA.. | Bifactor... Apply to all groups

Qptions... | QK

Clicking the EFA... button activates the Exploratory Factor Analysis dialog shown below. To
verify that the user intends to specify EFA, the Exploratory item factor analysis box is checked.
Additionally, a selection of one of the four available rotation methods can be made. Section 7.2.1
gives an example of an exploratory factor analysis.

The reader should note that once the EFA... option is selected, the Constraints... option is no longer
available, since IRTPRO automatically sets up the constraints in this case.
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Exploratory Factor Analysis ‘ M

[/ Exploratory item factor analysis

|| Treat item responses as ordered
Rotation

() oblique CF-Quartimax

(") orthogonal CF-Varimax

(") Oblique CF-Varimax

o J[ coner | |

The Bifactor... option provides access to the Bifactor Analysis dialog that allows the user to select
items associated with specific factors. An example of a bifactor analysis is given in Section 7.2.2.

F Rl
e —

Country
Grouping value: I[Gl] 1 ;I

:

00 XM OO0 w

1000000000 «

JOOOoO0oOoooge

Walking 1
Walking3

XOOOOOoOoO-

%
000000 XX~

2.8 The Scoring tab

When a unidimensional IRT or multidimensional IRT analysis is requested via the Analysis option,
the second last tab displayed in the corresponding analysis window is the Scoring tab. Examples of
the use of the Scoring dialog are given in Chapter 8.
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" ™

Data File: | C:\IRTPRO Examples\By Dataset\PISA MathBook 1\FISAMathBook 1SUK. ssig J Read file |

Traditional || IRT | Rasch | TRT |

| Description I|Group || ftems ||Modals| Scoring ISimuIationl

Compute response pattem
[ Person ID:
= I LI [v EAF: [~ MAP scores
[~ Create summed-score to scale conversion table ¥ Score persons
—Scaling

™ Integer scores Mean: In Standard deviation: |1
[~ Minimum: I [~ Maximum: I

Scalein: ' Population distribution
" Sample distribution

Options... | OK I Cancel Run

2.9 The Simulation tab

When a unidimensional IRT or multidimensional IRT analysis is requested via the Analysis option,
the last tab displayed in the corresponding analysis window, is the Simulation tab. Examples of the
use of the Simulation dialog are given in Section 7.3.4 and in Chapter 9.
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' ™

Data File: | C:\IRTPRO Examples'By Dataset\PISA MathBook 1\PISAMathBook 1USUK, ssig J Read File |

Tradtional IRT | Rasch || TRT |

| Description ||Group l| ltems || Models ||Scoring| Simulation

v Simulation
Group: Country Examinees
[G1]1 358
G2 2 889

Mumber of replicate datasets: |5 Percentage missing values: Ig

Random number generator's seed for:

Latent variable deviates: Iqag‘,.-‘ New seed |
Creating item responses: ITI"'SB1 New seed |

QOptions... | 0K I Cancel Run

2.10 Advanced options window

The Advanced options window can be accessed using the Analysis, Advanced Options... selection
via the main menu bar, or alternatively, by clicking the Options... button (lower right-hand corner
of an Analysis window).

7 IRTPRO - [PISAMathBook1USUK ssig

[0 File Edit Data Manipulate Graphics [Analysis| View Window Help
DedH *t2RE T | Traditional Summed-Score Statistics...
Cubel | Cube3 | Cubet | Unidimensional IRT...
10 0 0 0 Multidimensional IRT...
2 | 1 1 0 )
= | 1 0 0 IRT Scoring...
|E 1 1 a 1 Advanced Options...
2 U ! ! 1| ¢ Show Progress Box
5 |1 1 0 0

This window currently has five active tabs, these being Estimation, Starting Values, Priors,
Miscellaneous, and Save. The estimation window is shown below and makes provision for three
estimation methods that are described in Chapter 11:

o Bock-Aitkin
o Adaptive quadrature
o MH-RM
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Advanced Opti
e
|| Test IIF‘.T ;l Apply to all tests | |

Estimation IStarthg ‘u"aJue.5|| Priors || N'Ijsc.al]aneous” Save |

Estimation method: [0 ck-Aftkin LI
Adaptive Quadrature ‘

—Converge informati MH-RM

Maximum number of cydes: I 500 _I:' Convergence criterion: I 1e-005
M-5tep maximum iterations:l 50 _I: Convergence criterion: I 1e-006

—Quadrature details

MNumber of points: Iq.g _l: Maximum value: IG

Apply dimension reduction

Standard errors:  [5_gm |
I Group Gen Dim
Gl 1
G2 1

Default |

oK I Cancel Apply

The Miscellaneous dialog is used to control printout of results, and the number of processors to be
used.
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CESTENNE 0 o )

il

Test: IIF‘.T ;l Apply to all tests |

| Estimation ||Startir1g ‘u"alue.5|| Priors | Miscellaneous ISa\te l

Mumber of decimal places in tabular listings: m

Mumber of processors: x
2] 2 =

[ Print table of standardized residuals
¥ Compute Chen-Thissen LD and item fit statistics

[~ Compute limited-information overall model fit statistics

[ Print each tem's goodness of fit frequency table

Minimum expected value: |1

¥ Print parameter numbers
v Print diagnostic information

™ Print dump file ™ Frint full dump file

oK I Cancel Apply

The Save dialog is used to request the print-out of results to specific files. See Section 7.3.2, Chapter
8 and Chapter 9 for examples that illustrate the use of this dialog.

EETTTTIN o )

o

Test T | Applytoal testsl

| Estimation ||Starting ‘u"aluesl| Priors ||Miscellaneou5| Save I

Item parameter estimates (-prm.td)

[ ] Asymptotic covariance matrix of the parameter estimates (-cov.bd)
[ Infermation values, for unidimensional models only (-inf.bd)
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2.11 The Data menu

The Data option (main menu bar) enables one to insert or delete variables and/or cases from the
IRTPRO data file that is currently open. In addition, the drop-down menu makes provision for the
renaming of variables (Variable Properties... option) and for entering a missing value code.

L7 IRTPRO - [PISAMathB{:oklUSUK.sm . —

[T File Edit[Data] Manipulate Graphics Analysis View Window Help
= = Insert Variables...

Cube Delete Variables... | Fomse | ‘wakingt |
Insert Cases...

Delete Cases...

Variable Properties...
Missing Value Code...

|| o | =
[ = 3 Y i e e
- o o =2 o oo

Recalculate Item Counts

2.11.1 The Variable Properties... Option

The Properties dialog displays the distinct values (data codes) for each item, together with the
frequency counts.

NﬁmE![CUb‘?l '] | Rename... |
Type: [FiXEd paint '} Type: [Discrete -
||  Description:
Values
tem Count Label
0 411
1 836

Edit

Variables may be renamed. A description of each item may be entered along with descriptive names
for corresponding to the numeric values. For example, 0 = Experimental, 1 = Control.
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P EEESESEEEE—_—_—_—E—E A  —  ——————— —————————————————————————
Name: |iGroup '] ’ Rename... ]
Type: [Fixed point '] Type: [Discrete -
Description: Defines the control and experimental groups
Values
Item Count Label
] 130 Control
1 870 Experimental
i
i
i
Edit
[ OK H Cancel l

2.11.2 The Missing Value Code... Option

The Missing Value Code... option allows one to assign a missing value code by entering the
appropriate value in the Missing Value text box. The value entered is accepted if the OK button is
clicked. In this case, the user must use the File, Save option to ensure that this change to the dataset
definitions is permanent. The default missing value code is -1.

Missing Value Code

Missing value o] K

g

Cancel

= ——

2.12 The Data Manipulation window

This window makes provision for the recoding of variables. Suppose, for example, that the variable
Group is coded 0, 3 and 4 and that we want to recode these values so that 0 = 1; 3 and 4 = 2. This
recoding is accomplished by clicking the if...else...endif button. Variable names can be entered by
double-clicking on a variable name or dragging it to the appropriate position in the recode window.
The last statement shows the recoding of the variable Score to Score = exp(Score).
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Data Manipulation

Variables:

+|x

Functions:

Trem_1
Ttem_2
Ttem_3
Score
Group

Abs()

Exp()

L)

Rand()
Randomize()

srt()

| iendif | | ifelse..endf

L)l b)) =) ]

(alal)
(walal)
nEERn

if { Group == 0) then
Group =10

else

Group =2

endif

Score = Exp{ Score)
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3. Data import and manipulation

There are many ways to import data into IRTPRO for analysis. In this chapter, we briefly describe
procedures for data-import from three commonly used formats: the .sav file format used by SPSS,
fixed-format ASCII data, and comma-delimited text files.

In all cases, data are "imported” into IRTPRO (fixed-format input uses the Open command, but the
effect is the same), and then re-saved as an IRTPRO system data (.ssig) file that is subsequently
opened for analysis.

3.1 Importing Data from SPSS .sav Files

SPSS . sav files represent one example of many proprietary formats from which IRTPRO can import
data.

To begin the data-import process, one starts IRTPRO and selects Import... under the File menu:

vorec
View Help

New... Ctrl+MN
Open... Ctrl+0O
Import...

Print Setup...

1 PISAOOReadMathBook8.ssig

2 PISAMathBook1USUK4.irtpro

3 PISAMathBooklUSUK.ssig

4 PISAMathBooklUSUKIRT-irt.htm
5 PISAMathBooklUSUK.TRT-irt.htm

Close
Exit

This brings up a standard Open File dialog; in the lower center is a pop-up menu from which the
user may select one of a large number of formats.
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Recent Places

!

Desktop

o

Libraries

*ﬂ

Computer

) File name:
Metwaork

Files oftype:

Flexible Professional Item Response Theo

Access(*mdb)
ASCIl File - Delimited(*.txt*.csv)

L dBASE(*dbf)

Excel(*xls)
_0_ Epi Info(*rec)

_ Gauss(*.dat)
Lookin: | Asthma34 Gauss - Unix(*.dat)
HTML Table(* htm™*)
& Name Informix(*.ifc)
o ) JMP(*.jmp)
~p Asthma_34.5av | \DEP for Windows(* pj)

Lotus 1-2-3(%wk™*wr*)

Matlab Matrix(*.mat)

Mineset(*.schema;™.sch)

Minitab{*.mtw)

OSIRIS(* det™ dict)

Paradox(*.db)

Quattro Pro(*wq?;* wb?)

S-Plus(*.ssc)

SAS Data File - Versions 7/8/9(".sd7;* sas7bdat)

SAS V6 Data File - HP.IBM.SGI & SUN Unix{*.s5d01)
SAS V6 Data File - Windows/0S2(*.sd2)

SAS V6 Data File - Dec Unix(*.s5d04)

SAS(Sun) Data File - Versions 7/8/9(*.sd7.* sas7bdat)
SAS(Alpha) Data File - Versions 7/8/9(*.sd7.* sas7bdat)
SAS Transport File(* xpt.™ tpt)

@ < SAS Program & Data File(*.sas
|

SPSS Data File - HP.IBM, & Sun Unix(*.sav)

IRTPRO

s

dified
111:21 AM

SPSS Portable File(*.por)

Open as read-only

Cancel

[ Concel ]

Here we select SPSS Data File (*.sav); then, after navigating to the folder that contains the .sav file
from which we wish to import data, we Open the file:

Lookin: | Asthma34

o Name

B

v @7 > E-

Date modified

"‘-""f E | Asthma_34.sav

7/21/2011 1121 AM

Recent Places

-

Libraries

*ﬂ

Computer

I

4
@
: File name:
MNetwork
Files of type:

Asthma_34 sav

[sPSs Data Fils(* sav)

Open as [ead-only
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The next thing that happens is a standard Save As dialog appears, which has as its default to save
the data as a .ssig file with the same name as the .sav file (in the case of this example, Asthma_34).

The user may (optionally) change the first part of the name; however, the extension should
remain .ssig. Click the Open button to start the data import process.

Toer
Savein: | Asthma34 ~ @7 @
= Mame . Date modified
Lo Asthma34.ssig 2/11/2011 9:55 AM
Recent Places
! Desktop
(ST 8
I Libraries
H P !
I Computer I
w
l <« 11l | »
Metwork
File name: h Save
Save as fype: ’System Data File (*.ssig) v] ’ Cancel l

After one clicks Save the file is saved as an .ssig file, and the user can Open it to begin the analysis:

Finish Import ——

Done importing. Do you want to open Asthma_34.ssig

If one clicks Yes, the file opens.

An especially important first thing to do the first time a new .ssig file is opened, is to enter missing
the code that represents missing data in the dataset. This code must be numeric; there can only be a
single missing data code, common to all the items; and the missing data code cannot also be a valid
item response code for any item. For data coded 0, 1, 2, 3, ..., it is common to use -9 as the missing
value code. Note that the default missing value code in IRTPRO is -1.

To set the missing value code, select the Missing Value Code... entry under the Data menu:
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oo w555

[n] File Edit [Data| Manipulate Graphics Analysis View Window Help

D& E| Insert Variables...
DISAE Delete Variables.. | Disag 5 | oDisas | Dises 7
L Insert Cases... ! ! 2
2 |z R 2 2 4
= B elete Cases... 5 ; 5
4 |0 Variable Properties... a 1 a
53 Missing Value Code... 2 4 2
E 1 ] 3
7|4 Recalculate Item Counts 4 2 4
g8 |o ] ] i 2 1 2
R 2 2 3 4 3 3
N E 3 1 2 2 2 2
11 |o ] ] 2 ] 1 ]

That brings up a Missing Value Code dialog into which the user may enter the code and click on
OK.

Missing Value Code . ! M

Missing value

After that is done, it is important to Save the .ssig file:

|I.'| LCdit Data Manipulate Graphics Analysis

New... Ctrl+N

Open... Ctrl+O

Close

Save Ctrl+S
I Save As...

Once the missing value code has been set, and the .ssig file has been saved, the missing data code
will be stored within the .ssig file and IRTPRO will “remember" the code in subsequent uses of the
data.

The file is now ready, and the user may proceed with analyses as described in Chapters 4 to 5.
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3.2 Opening Fixed-Format Data Files

To bring in data from a fixed-format file, there is a slightly different procedure. It begins with the
Open option under the File menu:

Edit Data Manipulate Graphics Analysis

Mew... Ctrl+N
Open... Ctrl+0O
Close

Save Ctrl+S
Save As...

Print... Ctrl+P

Print Preview

Print Setup...

1 Asthma_34.ssig

2 Asthma3d.ssig

3 AACL3_21ltems.ssig

4 PISAOOReadMathBook8.ssig
5 PISAMathBooklUSUK4.irtpro

Exit

which brings up a standard Open dialog. In the lower center of this dialog, the user selects Fixed
Format Data (*.fixed) from the pop-up menu, identifying Files of type:

o =
Lookin: | Simulated -« O3 A
= Name . Date modified
= ) simul3.fixed 7/20/2011 8:04 PM
Recent Places
|
Desktop
)
I Libraries
i .k
Computer
] 1 »
| @ | |
File name: simul5 fixed -
Network -
Files of type |Fixed Format Data (*fixed) V] ’ Cancel ]
["] Open as read-only

Then one opens the file; here we use as an example the file simul5.fixed stored in the folder
IRTPRO Examples\By Dataset\Simulated. The data consists of five multiple category items. The
simulated data represents 1000 examinees drawn at random from a population with mean ability
score of 0.0 and standard deviation of 1.0.

Note that it is necessary that the fixed-format data file has the extension .fixed.
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Lookim | Simulated @ T &

= Name Date modified

g | simul5.fixed 7/20/2011 8:04 PM
Recent Places

Computer

@ < | 1 3
File name: simul5 fixed | Open I

Network

Files of type [Eixed Format Data [ fxed) -] | Cancel |

["]open as read-only

After the user clicks Open, an image of the file appears on the screen:

= — |
o s I
| ] File View Help [-[=]x]
IR R
: =
12345678501
110001 42444
2| 0002 12221
510003 32212
410004 13222
5| 0005 21211
6| 0006 34443
710007 23343
| 0008 44444
2| 0009 44444
10/ 0010 11111
1110011 43344
1210012 11111
1310013 11121
141 0014 13243
15| 0015 33222 -

In the file simul5.fixed there is a Case Number variable in columns 1 to 4 (its values are 0001 to
1000), and item responses for five items, each of which is in a one-column field, in columns 7 to 11.
To bring those data into IRTPRO as an .ssig file, the user must indicate the division of the file into
(sets of) columns, or Fields, and assign names to the variables.
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To indicate that columns 1 to 6 should be separated from columns 7 to 11, the user double-clicks
between the small 6 and 7 in the gray column-header; after that is done; a vertical line appears

between columns 1 to 6 and the subsequent columns:

|7/ IRTPRO - [simul5fixed]

[#7] File View Help
0 HE| |

%

123456

i
785801

fan] »

[oo1
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015

[T I I

[ R = R
[ R R

=
[0}

42444
12221
32212
13222
21211
34443
23343
44444
44444
11111
43344
11111
11121
13243

33222

N =i ]

— || & %

After that is accomplished, there is a small rectangular box above the column-header numbers 1 to
6. A right-click within that box brings up a menu within which the user selects the entry Field

Property ... to give a name to this Field:

L IRTPRO - [simul5.fixed]

[ File View Help
D& HE|

|& 2

Field Property.
— Remove Field

Set Subfield...
Clear subfield

Labe

] »
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In this case, the Field (columns 1 to 6) contains the data for the Case Number variable, so we give
it the label Case Number, and click OK:

Field Property &J
Field label(col 1 to col 6):
Case Number

T — = = 4

Then we move to the right and double-click between the column headers 7 and 8; then 8 and 9 then
9 and 10; and then 10 and 11 to get the vertical separation lines shown below.

|71 IRTPRO - [simul5 fixed] o (S e S
[w°] File View Help P

D e | EX

=

=
nf »

12345 6|7|8|9|0

ooz
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015

=

T =

NN el =

= D
= L

[]
=

[T T

-
=]

e
[

=
w

=
'S

OV e S
RSO e TS

=
w

Once this is done, we right-click on the empty gray rectangle above the column heading 7; that again
brings up the Field Property dialog. In this case, we enter the label item1 and click OK:

Field Property &J

i

Field label(col 7):

. |
:

Repeat this procedure by right-clicking, in turn, on the empty gray rectangles above the column
headings 8, 9, 10 and 11 and enter the item names Item2, item3, Item4, and Item5, respectively.
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[ IRTPRO - [simul5.fixed] (== X |

[®:] File View Help BEE
W IR
1 =]
12345 6|78[9]|0j1
1 Mool Pl

Eield label(col 11):

1110011 MEEMAE

1210012 [k

13| 0013 {120

141 0014 (134K

151 0015 [BEEEH =
< b

Once the OK button is clicked (see image above) after entering the last item name, each rectangle
will be marked by an * symbol, and the File menu becomes active. We select Save as IRTPRO
Data File from the File menu:

—
L7 IRTPRO - [simuIS.ﬁm e

[® "| View Help
O

New... Ctrl+N
Open... Ctrl+O
Close

Save Ctrl+S

Save as IRTPRO Data File
Print Setup...

1 simul5.fixed

2 simul5it.ssig

3 simul5items.ssig
4 AngerblT.ssig

5 simul5.ssig

Exit
IIT001T ‘4‘5‘5‘4‘4‘
1210012 [Q1palL

This brings up the standard Save As dialog, and we save the file as Simul5.ssig (or whatever name
we might prefer, with the extension .ssig):
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Savein: | Simulated

B Name

~p

Recent Places

Libraries

Computer

> @M@

-~

Date modified
Mo items match your search.

@ <

I 4

Network

File name:

Save as type:

simul5.ssig | Save I

(IRTPRO Data File (*ssig) -] [ cancel |

In this case, unlike when the Import option is used, the new .ssig file opens immediately.

. —
7| IRTPRO - [simul5.ssig] [

[®7] File Edit Data Manipulate Graphics Analysis View Window Help

DM+ =R & g

Case Number

Itemn1 I Item2 I Item3 I Itemd

It is important to remember to set the Missing Value Code, if there are missing values in the data,

as described in the previous section:
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| File Edit [Data| Manipulate Graphics Analys

Insert Variables...
D 4 Delete Variables...

Casze Mu

Insert Cases...

Delete Cases...

Variable Properties...
Missing Value Code...

Recalculate Item Counts

Importing space delimited fixed-format files

If there are spaces between the columns in a fixed format file, one can import the file directly if the
file is saved with an extension .txt. As an illustration, consider the same simulated dataset used above,
but in this instance saved with spaces between each variable:

| simulSitixt - . e |

i
Eile Edit Format Yiew Help

poo1 4
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
0020

B R W R L W B s L R R R
PP L PO PO RO e el P RO PO R RO P
BRWWWNAEANERE R R RERENEN A
BWNWWNWREHEARR A AW WHERNRE

ARWWNWRERFERRE B RN WA W

4 2

Use the File, Import option and select files of type (*.txt, *.csv). Browse for the file simul5it.txt
stored in the folder IRTPRO Examples\By Dataset\Simulated and click the Open button:
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Lookin: | Simulated o2 = HEr

Name Date modified
E | simulSit.bxt 7/20/2011 8:46 PM
@ simul5items.csv 7/20/2011 847 PM

Recent Places

Desktop

g

Libraries

&f

Computer

% < | n 1 3
]

File name: simul5it bt | Open I
Network

Files oftype: [ASCIIFile - Delimited(" ot csv) [ cancel |
Open as read-only

This action will prompt the user to save the IRTPRO data file:

Savein: | Simulated

Name Date modified
| simul5.ssig 7/20/2011 9:48 PM
| simul5itssig 7/21/2011 11:59 AM

-

Libraries

&f

Computer

@.

Network

< | I 1 3

File name: seve |

Save as type: [System Diata File (*.ssig) - l I Cancel ]

A portion of this file is shown below.



E IRTPRO - [simul5it.ssig]

E—)

[®] Eile Edit Data Manipulate Graphics Analysis View Window Help

&

[w]
=4
]

Col4

Col3

Colé

W = = = s = s s R W R W =

W oW = = W = s e W R R R
MM = = W = E B L R R MR M
R e S e S e L
[EJ 7 RS S RN U S S PR PICR QR N g S

1 »

The default column names are Coll, Col2,... . To rename, use the Data, Variable Properties...

option.

3.3 Importing Comma-delimited Data

Comma-delimited .csv files represent another commonly used format from which IRTPRO can
import data. While it is possible that IRTPRO will not properly open certain types of Excel ".xIs"
worksheet files, Excel will also save data as comma-delimited, and that can be used if the data are in
an Excel-readable format. While tab- or space-delimited data are also commonly used, IRTPRO
cannot currently open those files. However, one can use a text editor to change tabs to commas, and
then one has a comma-delimited file that IRTPRO can open.

To begin the data-import process, one starts IRTPRO and selects Import... under the File menu:

L7 IRTPRO

View Help
New... Ctrl+MN
Open... Ctrl+0O
Import...
Print Setup...

1 Efficacy_cfa.irtpro

2 Asthma3d.ssig

3 Asthma34.irtpro

4 AnxietylditemsV7.irtpro
5 Isate-3plPriors.irtpro

Close
Exit
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This brings up a standard Open File dialog; in the lower center is a pop-up menu from which the
user may select one of a large number of formats:

IRT

Flexible Professional Item Response Theory M ASCII File - Fixed Format (S/T Schema)(”sts)

Look in:

o

Libraries

*ﬂ

Computer

| CFA

Mame

ASCII File - Delimited(* ixt* csv)

ASCIl File - Fixed Format (All Schemas)(*.fix)
dBASE(".dbf)

Excel(*xls)

Epi Info(*.rec)

Gauss(*.dat)

Gauss - Unix(*.dat)

HTML Table(*.htm*)

Informix(™.ifx)

JMP{* jmp)

LIMDEP for Windows(*.Ipj)

Lotus 1-2-3(%wk™*wr*)

Matlab Matrix(*.mat)

Mineset(* schema;*.sch)

Minitab{*.mtw)

OSIRIS(* det™ dict)

Paradox(*.db)

Quattro Pro(*wq?;* wb?)

S-Plus(*.ssc)

SAS Data File - Versions 7/8/9(".sd7;* sas7bdat)

SAS V6 Data File - HPIBM.SGI & SUN Unix(*.5sd01)
SAS V6 Data File - Windows/0S2(".sd2)

SAS V6 Data File - Dec Unix(*.s5d04)

SAS(Sun) Data File - Versions 7/8/9(*.sd7;* sas7bdat)
SAS(Alpha) Data File - Versions 7/8/9(*.sd7.* sas7bdat)

< SAS Transport File(* xpt.™ tpt)

File name:

Files oftype:

SAS Program & Data File(*.sas)
SPSS Data File(*.sav)
SPSS Data File - HP.IBM, & Sun Unix(*.sav)

111

dified

- * -

[ Open as read-only

Cancel

[ Concel ]

Here, we select ASCII File — Delimited (*.txt,*.csv). Then we navigate to the folder that contains
the .csv file we wish to import, and Open it:

Lookin:

o

Libraries

A

Computer

@.

Network

| Anger

Name

Date modified

Eﬁ; AngerbIT.csv

6/6/2011 4:19 PM

<

I

File name:

Files of type

Anger6IT csv

[ASClI File - Delimited(".bx".csv)

Open as read-only
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In this case, as an example, we are using the file Anger61T.csv which contains the same data as the
Anger6IT.fixed file used in the previous section, except that the data in Anger61T.csv are comma-
delimited, one line per observation, instead of in fixed columns. When we Open the file, a standard

Save As dialog appears

E Save As

)

Save in: Anger
MName
v
Recent Places

Desktop

Libraries

A

o

Computer

.":1

<
Network

File name:

Save as fype:

~ @7 @Er

s

Mo items match your search.

11

Date modified

I

Janger6iT ssig -

Save

’System Data File (*.ssig) v]

e

and we Save the file as Anger6l1T.ssig. After one clicks Save, the file is saved as an .ssig file, and
the user can Open it to begin the analysis:

Finish Import

=)

Done importing. Do you want to open AngerbIT.ssig

If one clicks Yes, the file opens.

It is again important to remember to set the Missing Value Code as described in Section 3.1.
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7 IRTPRO - [ngers T ssic G

[®] File Edit[Data] Manipulate Graphics Analysis View Window Help
== Insert Variables...

Group Delete Variables... | Angerd | Anger | Angerb
Insert Cases...

1 2 2 3
2 |1 1 2 3
T I Delete Cases... 1 2 3
4 Variable Properties... 2 2 3
5 Missing Value Code... ! 2 2
& |1 2 2 3
7N Recalculate Item Counts 1 2 1
g |1 3 z z 3 3 3
3 |1 2 1 1 1 1 1
10 |1 3 2 3 2 3 3

There are many other ways to "get data into” IRTPRO, but they are variations on the procedures
described in this document. If you encounter difficulties opening a file of some particular format,
please let us know. However, in the interim, a good work-around would be to re-write or save the
file in one of the formats that IRTPRO does successfully read and proceed from there.

3.4 Data Manipulation: Data menu

3.4.1 Introduction

To demonstrate the data manipulation options available in IRTPRO, we use the dataset
Anxietyltems.ssig. To see the data, use the Open file dialog under the File menu, navigate to the
C:\IRTPRO Examples\By Dataset\Anxiety14 folder, select Files of type: IRTPRO Data File
(*.ssig) in the Open File dialog, and open the file Anxietyltems.ssig. There are eight variables, and
the first ten cases are shown below.

[®7] File Edit Data Manipulate Graphics Analysis View Window Help -
DEH| | & %

tem3 | dtemd | tems temé | w13 V14

MW =M =W W W L
R e e N L
[ R i Y N I S U S R Y
(]S R R I S N S
(SRS PR R A AR SRR

If the spreadsheet is the current window, the main menu bar displays the Data, Manipulate,
Graphics and Analysis options. The list of available options from the Data drop-down menu is next.
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L7 IRTPRO - [Anxietyltems.ssi

[ File Edit [Data] Manipulate Graphics Analysis
J =y = N Insert Variables...

Delete Variables... I
3
4
1
2
4
1
1

Insert Cases...
Delete Cases...

Variable Properties...
Missing Value Code...

Recalculate Item Counts

3.4.2 Delete variables or cases

Selection of the Data, Delete Variables... option provides the user with access to the Delete

Variables dialog. In the following demonstration, the variables V13 to V14 are deleted by selecting
the Delete from: drop-down list and then the Delete to: drop-down list.

Delete Variables
Q) Qo M
(@) Delete from: ’V13

— Ttemnl
[Lto enc frem2
Item3
Item4

= - Item5
(L) Delete variables, starting from | Hemigamg

Vi3

By clicking the OK button, the revised spreadsheet is displayed. These changes have not been made
to the original data yet and therefore an asterisk (*) sign is appended to the file name, as shown in
the top pane of the IRTPRO window. Use the File, Save option to make the changes permanent.

e E— o
[#] File Edit Data Manipulate Graphics Analysis View Window Help mmm‘
IEEEIEELEEED
Iteml Itemz | Itemn3 I Itemd I Item | [LEN I

=l

[E.0 PSS PR Y
I

(SRR RNT RN
=W ;e
W W ow W
R ) e g )
=W B W

NUM

To delete cases from the data, select the Data, Delete Cases... option and make the required
selections using the Delete Cases dialog.
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1 E cases, starting from case 1 E

(") Delete all cases

o) o

3.4.3 Renaming Variables

Next, we would like to rename the variable names Iitem1 to Item6. These names are to be replaced by
Calm, Tense, Regretful, AtEase, Anxious, and Nervous. Select the Variable Properties... option from
the Data menu to activate the Properties dialog.

o e M
———

[a] File Edit [Data| Manipulate Graphics Analysis View Window Help
J D ™| Insert Variables...
Item] Delete Variables... [ wems | nems

Insert Cases...

Delete Cases...

Variable Properties...

[0 FS) P N
[P IO g e Y
PR )

[XRETRETAET

Missing Value Code...

Recalculate Item Counts

Starting with Item1 in the Name: drop-down list, click the Rename... button and change the name
to Calm (see the two dialogs below).

Hame: litem]

Type: l Fixed point

Description:

Values

Item
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T

Variable name

Calm|

Click the OK button to return to the Properties dialog. Repeat the above procedure for item2 to
ltem6.

Tense -
Regretful Type: [ Risciels
AtEase

Anxious
Descrip T A

Values

Count Label
153

196

111

54

3

Once the last variable has been renamed by using the Variable name text box, click the OK button
to return to the Properties dialog.

_

Variable name

Ttemé|

When the Properties dialog is displayed, use the OK button to display the revised spreadsheet and
then use the File, Save option to make the changes to Anxietyltems.ssig permanent.
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7 IRTPRO - [Amvietyltemssssig ] R =X

[#] File Edit Data Manipulate Graphics Analysis View Window Help - | &
x
| & ®
Tenze | Fiegretful | AlE aze | Arwious Mervous | -
2 2 3 3 2 Bl
5 5 3 4 3
3 3 3 1 4
2 2 3 2 3
2 4 3 4 4 )

3.4.4 Missing value code

To set the missing value code, select the Missing Value Code... entry under the Data menu:

i - . — —

L7 IRTPRO - [Anxietyltems.ssig]-

[ File Edit [Data] Manipulate Graphics Analysis

DS HE| Insert Variables...
SumSc Delete Variables...

Insert Cases...

23
17

Delete Cases...

e | =

15 Variable Properties..
19

3]

Missing Value Code...

[=r)
—

== P2 DA

-
w

Recalculate Item Counts

That brings up a Missing Value Code dialog into which the user may enter the code (-1 is the default
but is also the code for this data) and click on OK.

Missing Value Code ﬁ
9 i
issngvalue

After that is done, it is important to Save the .ssig file by using the File, Save option. Once the missing
value code has been set, and the .ssig file has been saved, the missing data code will be stored within
the .ssig file and IRTPRO will "remember" the code in subsequent uses of the data.

3.4.5 Insert variables or cases

Suppose that we want to insert two new variables into Anxietyltems.ssig before the item Calm and
then rename the new variables to SumScore and CaimRecoded. To proceed, select the Data, Insert
Variables... option.
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" IRTPRO - [Anxietyltems.ssig]
———

| File Edit [Data] Manipulate Graphics Analysis View Window Help |- | =

Insert Variables...

Delete Variables...

Insert Cases... Anwious Mervous

Delete Cases...

Variable Properties...
Missing Value Code...

Recalculate Item Counts

Selection of this option activates the Insert Variable(s) dialog. Make the selections shown below
and click OK.

Insert Variable(s)

(@) Insert (@) before
2 variables

(©) Append () after

The revised spreadsheet is displayed with default variable names VARO and VAR1 and with all the
corresponding data cells filled with the missing value code. Use the File, Save option to make the
changes to Anxietyltems.ssig permanent.

| IRTPRO - [Anxietyltems.ssig *]
B

[®] File Edit Data Manipulate Graphics Analysis View Window Help EE

[x]
T IEET-IEED

WART | Calm | Tenze | Fegretful AtEaze | Anwious s

Rename VARO to SumScore and VAR1 to CalmRecoded as explained in Section 3.4.3.
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3.5 Data Manipulation: Manipulate menu

Currently, the only option available from the Manipulate menu, is the Recode... option as shown.
This option is selected in what follows.

L7 IRTPRO - [Anxietyltems.ssig] wﬂ

[#] File Edit Data |Manipulate | Graphics Analysis View Window Help - | =

Recode... *
|~T—L_

SumScore CalmRecoded | Calm | Tenze | Fegretful AIE aze | Anxious

L LD L W
FR LD
FSRN RN
Ly L L LW
R = W

NL

3.5.1 Recoding item scores

Suppose, for example, that we want to define a new variable called CaimRecoded by combining the
fourth and fifth categories of the item Calm. In Section 3.4.3 the Properties dialog showed that the
five distinct values of Calm are 1, 2, 3, 4, and 5. Therefore, we want to recode these values so that,
for the new variable CaimRecoded 5 = 4 and all the remaining data values remain unchanged. This

recoding is accomplished by selection of the Manipulate, Recode... option to invoke the Data
Manipulation window.

When using the if () statement, follow the next rules:

Click with mouse pointer within the ( ) brackets, then double-click on Calm or drag Calm to within
the ( ) brackets.

Click on the appropriate operator from the following list:
o < (Lessthan)
o <= (Lessthan or equal to)
o >= (Greater than or equal to)
o > (Greater than)
1= (Not equal to)
== (Equal to, see usage below)
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Data Manipulatiol

Variables: Functions: | ifuendif | | if.else..endf | I

SumScore . AbS() E E

CalmRecoded B0

= o)
Tense ;
Regretful ::nrtt;;)wze[)
Atkase EE
A
pervors

Lol L=+

if ( Calm ==5) then
CalmRecoded =4
else

CalmRecoded = Calm|
endif

Click OK, then save the data file and select Data, Properties... from the main menu bar to verify
that CaimRecoded has four categories.

vy
Name: ’CaimReooded '] Rename...

I\,rpe: [leed pOiI'It V] I\,rpe: ’Discrete

Description:

Values

Item

3.5.2 Calculating the sum of two or more variables

Suppose that the new variable SumScore equals the sum of the six items, CaimRecoded and Tense t0
Nervous. In the illustration below we used three statements. After the first statement is entered, use
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the Enter button to advance to the next line. Variables are entered onto the Compute window by
either double-clicking or dragging.

Variables:

+| %

SumScore
CalmRecoded
Calm

Tense
I Regretful
AtEase
Anxious

Nervous

Functions: if...end if if...else...endif ]
= B
0, ()] )
Randomize() ---- m
Sqrt()

el e

L)z e )l

Lo )i Ji= )i

[sumscore = CalmRecoded + Tense
SumScore = SumScore + Regretful + AtEase
SumScore = SumScore + Anxious + Mervous

[ox_ ][ conce

Click the OK button and use the File, Save option to make the changes to the file Anxietyltems.ssig
permanent. The distribution of the SumScore values (see Section 13.2 of Chapter 13 to learn how to
obtain this univariate bar chart) is shown below.

SumScore

Fregquency
(%) L o
= = =

ra
=

=

=

Py = =
Is 00 3

O0mm

9 O 1o M|
15 H 0 17
21 O ez 0 o3
27

[ W] |
EOCm
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4.

Traditional statistics

IRTPRO can compute a set of traditional summed-score-based statistics that are useful in checking
data before an IRT analysis, and interpreting IRT results. We illustrate this feature with traditional
summed-score-based statistics for the State-Trait Anxiety Inventory (STAI). This example examines
item responses obtained from 517 undergraduate students at the University of Houston and the
University of Arkansas who completed a 20-item anxiety questionnaire derived from the State-Trait
Anxiety Inventory (STAI, Spielberger, 1983). [Thanks to Lynne Steinberg for these data, which are
described more completely by Thissen & Steinberg (2009).]

For illustration purposes, six items are selected:
| feel calm.

| am tense.

| am regretful.

| feel at ease.

| feel anxious.

| feel nervous.

© O O O O O

In these data, the responses were on a five-point unipolar Likert-type response scale: 1 = not at all,
2 = very little, 3 = somewhat, 4 = moderately, and 5 = very much.

To see the data, use the Open file dialog under the File menu of IRTPRO, navigate to the
C:\IRTPRO Examples\Traditional folder, select Files of type: IRTPRO Data File (*.ssig) in the
Open file dialog, and open the file Anxietyl4.ssig.

While this file contains responses to fourteen items, only the six items listed above have meaningful
variable names (Calm, Tense, and so on). The other variables are named Vv2, v6, V7, etc., and will not
be used here. A portion of the spreadsheet is shown below.

—— —— — - — e o - - ———— — ———
1 IRTPRO - [Anxiety14.ssig] - = | (D] |
[0} File Edit Data Manipulate Graphics Analysis View Window Help -
O HE| | ?

Calm | V2 | Tense ‘ Rearetful ‘ AtEase | VE | W7 Wa Anious Y10 W11 Mervous ‘

-

oo e |w|n

-

@

w

oo oo W o A e
(R RS S Ny
M = o oW = w
MW = = e W

3
4
3
4
2
1
1
1
1

(R E R O RN RN
R3O R W W
P2 Ra = = PR3 M m

5
3
2
4
1
1
1
1
1

R3O = R = W W
R N e N ]
(RS RS, R TR N R
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To view the statistics for these data, select Traditional Summed-Score Statistics ... from the
Analysis menu.
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!TEI File Edit Data Manipulate Graphics [Analysis | View Window Help
== | & [ =) | & T | Traditional Summed-5core Statistics...
| Calm W2 | Tens Unidimensional IRT...
Multidirnensional IRT...

IRT Scoring...

IRT Simulation...

| = | | B | —

Advanced Options...

= W W L R
— P22 W R

— L LD LD

v Show Progress Box

o

s

The Traditional Statistics dialog appears, and the user enters the title and any desired comments in
the Description tab as shown below.

S xrE X
Traditional Summed-Score Statistic
I Data File:  C:\IRTPRO Examples\Traditional\Anxiety14.ssig J Read file
Testt | I
Description lGroup || Ttems || Categoriesl
Title:
Six anxiety items selected from the file Anxietyl4.ssig
Comments:
To illustrate the computation of traditional statistics
o] o] [

Since there is only one group, we proceed to the Items tab and select the six items in question:
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Traditional Summed-Score

Data File:  C:\IRTPRO Examples\Traditional\Anxietyl4.ssig

Test |

| Description I| Group | Items ' Categorml

Single Group Analysis

Grouping value: ‘No Group Variable

List of variables: Ttems:

Calm Calm
vz Tense

Tense T o Regretful
Regretful = — AtEase
AtEase Anxious
Ve Mervous
V7

va
Anxious

Apply to all groups

IRTPRO computes the number of categories and associated values for each item. By clicking the

Categories tab, these values are displayed as shown next.

Traditional Summed-Score

Data File:  C:\IRTPRO Examples\Traditional\Anxiety14.ssig J Read file

Testt |

| Description || Group || Ttems | Categories

Grouping value: |N0 Group Variable

Item List CategoriesData Codesitem Score
1,23,4,50,1,2 3,4
1,2,3,4501,23,4
1,2.3,4,50,1,2 3,4
1,2,3,4501,23,4
1,2.3,4,50,1,2 3,4
1,2,3,4501,23,4

Apply to all groups

Read parameter values...
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When Run is clicked, the output appears, excerpts of which are on the following page.
Table of Contents

Item and (Weighted) Summed-Score Statistics for Group 1
Summary of the Data and Control Parameters

Item and (Weighted) Summed-Score Statistics for Group 1 (Back to TOC)

Coefficient alpha: 0.8425
Complete data N: 515

Coefficient Alpha, calculated using listwise deletion (if there are missing values in the data) is 0.8425
and in this case, is based on a sample size of 515 complete cases. The table below is a summary of
the Coefficient Alpha if each item in turn is deleted. For example, if item 2 is deleted, the reliability
coefficient based on the remaining 5 items equals 0.8059.

The following Statistics are Computed only for the Listwise-Complete Data:

With Item Deleted

Response ltem-Total tCoefﬁc|en
Ite Std.  Correlatio
Average
Dev. n

1.287 0.966 0.6340 0.8148
1.443 1.067 0.6746 0.8059
1.212 1.114 0.5325 0.8354
1.452 0.960 0.6580 0.8105
1.146 0.980 0.6199 0.8172
1.357 1.147 0.6261 0.8165

o o b W NPT

The tables for Item 1 to Item 6 below give the frequency count for each category of an item as well
as the number of missing values for the item in question. Note that Item 4 and Item 6 have one
missing value each and that this is reflected in, for example, the differences between the frequency
distribution for Item 1 and the corresponding frequency distribution for listwise complete data for
Item 1.
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Item Calm

(Back)

1 Category: 0 1 2 3 4 Missing
Frequencies: 114 204 143 47 9 0

For listwise-complete data:

Frequencies: 114 203 143 46 9

Average (wtd) Score: 3.30 6.85 10.26 14.83 16.78

Std. Dev. (wtd) Score: 261 2.99 335 333 512

Each of the tables also contains a set of average scores and standard deviations. Those are the average
and standard deviations for the summed score (totaled over all items) for the subsets of persons that
selected each response for the item reported in a table. "Good" graded items should have higher
average summed scores associated with higher-numbered responses.

Item Tense (Back)
2 Category: 0 1 2 3 4 Missing
Frequencies: 104 188 131 77 17 0

For listwise-complete data:

Frequencies: 104 188 130 77 16

Average (wtd) Score: 2.87 6.41 9.82 13.18 17.00

Std. Dev. (wtd) Score: 2.44 2.50 3.38 3.29 3.27

Item Regretful (Back)
3 Category: 0 1 2 3 4 Missing
Frequencies: 162 178 99 60 18 0

For listwise-complete data:

Frequencies: 162 178 97 60 18

Average (wtd) Score: 4.20 7.66 9.70 13.15 16.22

Std. Dev. (wtd) Score: 3.08 3.19 3.98 3.41 3.86

Item AtEase (Back)
4 Category: 0 1 2 3 4 Missing
Frequencies: 84 195 163 66 1

For listwise-complete data:

Frequencies: 84 195 163 65 8

Average (wtd) Score: 2.49 6.24 9.83 13.85 17.25

Std. Dev. (wtd) Score: 2.23 2.72 3.29 3.54 5.70
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Item Anxious (Back)
5 Category: 0 1 2 3 4 Missing
Frequencies: 153 196 111 54 3 0

For listwise-complete data:

Frequencies: 152 196 110 54 3

Average (wtd) Score: 3.64 7.64 10.92 14.06 19.00

Std. Dev. (wtd) Score: 2.82 2.93 3.52 3.89 2.65

Item Nervous (Back)
6 Category: 0 1 2 3 4 Missing
Frequencies: 140 169 112 73 22 1

For listwise-complete data:

Frequencies: 140 168 112 73 22

Average (wtd) Score: 3.46 6.97 10.10 12.77 15.86

Std. Dev. (wtd) Score: 2.47 2.79 3.54 3.25 4.14

The summary of data below shows that the sample size (before list wise deletion) equals 517 and
that the traditional statistics analysis is based on six items.

Summary of the Data and Control Parameters

Sample Size 517

Number of ltems 6

(Back to TOQC)
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5. Unidimensional analysis

5.1 Unidimensional analysis of four "self-monitoring"” items

Thissen & Steinberg (2009) describe IRT model fitting for the responses of 393 undergraduate
students to four items of the Self-Monitoring Scale (SMS; Snyder, 1974; modified by Snyder and
Gangestad, 1986). The data used is from the 1988 "Self-Monitoring Scale (CAPS-SELFMON,
SELF_MONIT and SELF_MONIT_PAPER module)", hdl:1902.29/CAPS-SELFMON Odum Institute
Dataverse. They consider a subset of the data for the following four items:

SelfMon8: | have considered being an entertainer. (T)

SelfMon13: | have never been good at games like charades or improvisational acting. (F)
SelfMon18: | would probably make a good actor. (T)

SelfMon20: In different situations and with different people, | often act like a very different person.

(M)

©c O O O

The high self-monitoring response to each of the items above (T or F in parentheses after each item)
is coded 1 and the other response is coded 0.

To begin, we use the Open file dialog under the File menu of IRTPRO and navigate to the
C:\IRTPRO Examples\By Dataset\SelfMonitoring folder. However, here we change the Files of
type: selection from its default IRTPRO Command File (*.irtpro) to IRTPRO Data File (*.ssig)
in the Open file dialog and open the file SelfMon4.ssig.

o . =
Look jn: SelMonitoring - 03 M-
= MName - Date modified
~ | SelfMond ssig 2/11/2011 9:55 AM
Recent Places
I
Desktop
I Lit;raﬁes
Computer L
' pe Y 4 1 b
‘ File name: Selond ssig -
Network
| Files oftype [IRTPRO Datz File (" ssig) - [ cancel |
I ["] Open as read-only

The first 15 cases of these data are shown below.
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;|"‘| File Edit Data Manipulate Graphics Analysis
Igiew Window Help — [ & e (I
== | & %

Selton® | SelMont3 | Selfont8 | Selfhon20

s

To set up the analyses, select the Unidimensional IRT ... option from the Analysis menu to invoke
the unidimensional analysis window.

[Analysis] View Window Help

Traditicnal Summed-Score Statistics...
Unidimensional IRT...
Multidimensional IRT...

IRT Scaring...

Advancad Options...

v Show Progress Box

This window has five tabs called Description, Group, Items, Models and Scoring. Start with the
default tab Description and provide a title and comments in the appropriate text boxes as shown
below. Note that the default name for the current analysis is Test1. As will be shown later, more tests
based on the same dataset may be inserted and each of these can be renamed to something that may
be more suitable. In the present case, right-click on the Test1 tab and rename it to 2PL.
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i~ r———-l =5
Unidimensional Analysis =

Data File: I C:\IRTPRO Examples'By Dataset\SelMonotoring\SelfMon4. ssig J Read file |

2PL |

Description IGroup I| ttems I| Modelsl|5¢:on'ng I|5imu|atior1|

Title:

Four Self Monitoring tems

Comments:
2PL fitted to each item, moderate BAEM controls

Options. .. 0K I Cancel Run

Since this data contains no grouping variable, the Group tab is skipped and we proceed to the Items
tab, where all four items from the List of variables are selected. Then use the Add button to list
these items under Items.
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Unidimensicnal Analysis

2PL |

| Description I|Group | tems I Models I|Scon'r1g I|Simu|atior1 I

Single Group Analysis

Grouping value: IND Group Variable LI
List of variables: ltems: x |
SefMong SefMond +
SelfMani3 SeffMon13
SelfMon18 SefMon18 ¥

SefMon20 Add v | SetfMon20

Apply to all groups

%)

Data File: I C:\IRTPRO Examples'By Dataset\SelMonotoring\SelfMon4. ssig J Read file |

Options. .. 0K I Cancel

Run

Because the 2PL model is the default for dichotomous items, the entry of information for the analysis
is now complete and clicking on the Run button in the lower right of the Unidimensional Analysis
dialog will produce the results. However, to see more details of how the data will be modeled,
selection of the Models tab shows the list of items, their data codes, the translation of those codes

into response categories, and the model selected:
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Data File: | C:\IRTPRO Examples\By Dataset\SelfMonatoring\selfMon4. ssig

L |

|Descriptionﬂ|Group ﬂ| ttems | Models lScorinngimuIation”

Grouping value: |HU Group Variable J

ltem List | Categories Data Codes | ltem Scores Model

SeffMon13 2 0,1 0.1 2PL

SeffMon18 2 0,1 0.1 2PL

SeffMon20 2 0.1 0.1 2PL
Constraints. .. | DIF... |

Options...

Click the Run button to run the 2pPL analysis. Portions of the output file SelfMon4.2PL-irt.htm are
shown below. We find that the slope parameter for item 2 is estimated to be much lower than for the
other three items:

2PL Model Item Parameter Estimates for Group 1, logit: a8 + cor a(@ —b) (Back to TOC)

ltem Label a s.e. C se. b s.e.

1 SelfMon8 2 412 137 1 -0.09 0.28 0.02 0.07
2 SelfMon13 4 012 0.13 3 049 0.10 -4.23 4.67
3 SelfMon18 6 241 046 5 -091 0.22 0.38 0.08
4 SelfMon20 8 202 034 7 0.89 0.19 -0.44 0.09

Note that the values in the table above are not exactly the same as those reported by Thissen &
Steinberg (2009) for two reasons: (1) Thissen & Steinberg (2009) tabulate the slopes divided by 1.7,
or in the so-called "normal metric", to compare to normal ogive slopes, and (2) even if that is
corrected, there are slight numerical differences between the results. This is due to different
numerical quadrature used for the Newton-Raphson estimation in R that Thissen & Steinberg (2009)
used vs. the EM estimation used here in IRTPRO.

If we click on the entry Likelihood-based Values and Goodness of Fit Statistics in the table of
contents for this 2PL fit to these items, we find that the model appears to fit very well:
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Statistics based on the full item x item x ... classification

2 Degrees .
Probability RMSEA
of freedom
5.03 7 0.6570 0.00

Statistics based on one- and two-way marginal tables

Degrees .

M2 Probability RMSEA
of freedom

3.17 2 0.2063 0.04

Note: Mz is based on full marginal tables.
Note: Model-based weight matrix is used.

The statistics based on the full item classification can rarely be computed in IRT applications, because
they require that the sample be sufficiently large to "fill" all the cells of cross-classification created
by listing all response patterns. For four dichotomous items, which is a manageable 16 cells, and so
IRTPRO tabulates the observed and expected frequencies (and some other values) for each response
pattern as follows:

Response Pattern Observed and Expected Frequencies, Standardized Residuals, EAPs and SDs for

Group 1 (Back to TOC)

Item; Frequencies Standard

1 2 3 4 Observed Expected Residual EAP[O|u] SD[O]u]
0 0 0 0 44 44.72 -0.11 -1.07 0.65
0O 0O 0O 1 25 25.07 -0.01 -0.44 0.49
0O 0 1 o0 3.55 0.24 -0.35 0.47
O 0o 1 1 6.35 -0.94 0.04 0.43
0O 1 0 0 65 64.87 0.02 -1.02 0.63
0 1 0 1 40 39.11 0.15 -0.41 0.48
0O 1 1 o0 &6 5.60 0.17 -0.33 0.46
o 1 1 1 12 10.48 0.48 0.06 0.43
i1 0 o0 o0 7 5.90 0.45 -0.02 0.43
1 0 0 1 25 20.10 1.12 0.36 0.46
i1 0 1 o0 2 3.88 -0.96 0.44 0.47
1 0 1 1 38 39.42 -0.24 1.02 0.62
1 1 0 0 9 9.67 -0.22 0.00 0.43
1 1 0 1 29 34.44 -0.97 0.39 0.46
1 1 1 0 8 6.72 0.50 0.47 0.48
1 1 1 1 75 73.10 0.25 1.07 0.63
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The y* value (5.03, on 7 d.f.) reported above is obtained by using the likelihood-ratio chi-square to

compare the observed and expected frequencies in that table. In this case, those values do not differ
by more than is expected by sampling error.

For scales that involve more items, or more response categories, the complete cross-classification is
often too large to "fill"; for example, for 6 five-alternative items the full cross-classification would
have 5° = 15,625 cells, which can only be sparsely populated by a few hundred respondents. So in
that case, as well as this one, an updated version of the M statistic proposed by Maydeu-Olivares

& Joe (2005, 2006) may be used as a proxy for y°. The M; statistic is based on the one- and two-

way marginal tables of the complete cross-classification; those sub tables are easier to "fill" with
reasonable sample sizes.

IRTPRO can also compute a trace line diagnostic statistic for each item, which is a generalization for
polytomous responses of the S-v° item-fit statistic suggested by Orlando & Thissen (2000, 2003).
For the 2PL fit to these four items, these statistics are tabulated as shown in the following table.

S-X2 Item Level Diagnostic Statistics

ltem  Label v’ d.f. Probability
1 SelfMon8 051 2 0.7748
2 SelfMon13 0.23 2 0.8909
3 SelfMon18 1.86 2 0.3950
4 SelfMon20 0.23 2 0.8902

The summary table (above) indicates that for all four of these items, the trace lines have been fitted
sufficiently well that the model-expected proportions responding 0 and 1 match the observed data
well.

For each item, the complete tables printed below have one row for each summed score for the "other
items" (for each of these four items, the summed score on the "other items" ranges 0 — 3), and within
those scores the observed and expected frequencies are tabulated. The entries are printed in blue if
the observed frequency exceeds the expected frequency, and in red if too few responses are observed.
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ltem 1 S-X2(2) = 0.5, p = 0.7748 (Back)

Category 0 Category 1
Score Observed Expected Observed Expected
0 44 45.1 7 5.9
1 94 95.6 36 34.4
2 50 48.5 75 76.5
3 12 10.9 75 76.1

ltem 2 S-X2(2) = 0.2, p = 0.8909 (Back)

Category O Category 1
Score Observed Expected Observed Expected
0 44 445 65 64.5
1 36 35.3 55 55.7
2 31 29.6 49 50.4
3 38 39.6 75 73.4

Item 3 S-X2(2) = 1.9, p = 0.3950 (Back)

Category O Category 1
Score Observed Expected Observed Expected
0 44 445 4 3.5
1 97 93.5 12 15.5
2 74 72.4 58 59.6
3 29 33.3 75 70.7

Iltem 4 S-X2(2) = 0.2, p = 0.8902 (Back)

Category 0 Category 1
Score Observed Expected Observed Expected
0 44 44.2 25 24.8
1 76 77.0 69 68.0
2 17 17.8 79 78.2
3 8 7.0 75 76.0

The tables shown above illustrate good fit. In cases in which the model fits poorly, deviations
between observed and expected may be large, and there may be long "runs" of red (or blue) in
columns, as the trace line is "over" or "under" due to some model misspecification. (The latter can
really only be observed in longer tests.)

69


file:///C:/IRTPRO%202%20Examples/By%20Dataset/SelfMonotoring/SelfMon4(M).2PL-irt.htm%23ssx_index_0
file:///C:/IRTPRO%202%20Examples/By%20Dataset/SelfMonotoring/SelfMon4(M).2PL-irt.htm%23ssx_index_0
file:///C:/IRTPRO%202%20Examples/By%20Dataset/SelfMonotoring/SelfMon4(M).2PL-irt.htm%23ssx_index_0
file:///C:/IRTPRO%202%20Examples/By%20Dataset/SelfMonotoring/SelfMon4(M).2PL-irt.htm%23ssx_index_0

Because the "full tables" for S-* can be very large, printing them is optional. Printing of optional

results is controlled by clicking the Options button (bottom left-hand corner of the Unidimensional
Analysis window) and then selecting the Advanced Options, Miscellaneous dialog:

— b
Advanced Options ® S S —— @

Test: |2pL '| Apply to all tests

|Eshmatmn”|5tamng Va\ues[“ Friors | Miscellaneous l Save ” Slmulatﬂ

Number of decimal places in tabular
2 -

Number of processors: 4 -

v | Print table of standardized residuals

| Compute Chen-Thissen LD and item fit statistics
I | Compute |imited-information overall model fit statistice

| Print each item's goodness of fit frequency table

Minimum expected 1
Print factor loadings
+ | Print parameter numbers

+ | Print diagnostic information

Print dumnp file Print full dumnp file

[ oK H Cancel ” Apply ‘

5.2 Hybrid model fitted to Eysenck Extraversion Scale data

To illustrate the way the 1PL and 2PL models fit data, and their use in item analysis, we consider the
responses to a subset of items from the Eysenck Personality Inventory Form A Extraversion scale
(Eysenck and Eysenck, 1969). Responses of 189 undergraduate students to nine items are used to
illustrate models in this section. The Extraversion scale has been divided into two subscales by
Revelle, Humphreys, Simon, and Gilliland (1980). The items under consideration comprise the
"impulsivity" subscale and are shown below. The response (yes or no) is keyed in the direction of
impulsivity.

Would you do almost anything for a dare?

Do you stop and think things over before doing anything?

Do you generally do and say things quickly without stopping to think?
When people shout at you, do you shout back?

Do you like doing things in which you have to act quickly?

Do you often do things on the spur of the moment?

Are you usually carefree?

Do you often long for excitement?

Are you slow and unhurried in the way you move?

0 O 0 O 0 0O o0 o o
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The item response data are from the Computer Administered Panel Survey (CAPS), a survey
sponsored by the Odum Institute for Research in Social Science at the University of North Carolina
at Chapel Hill. Approximately 100 undergraduates participated in the study, which involved
responding to a large number of questionnaires via computer terminals. Data are available for each
academic year between 1983-84 and 1987-88.

The Eysenck Personality Inventory was among the scales administered in 1987 and 1988. The data
(for all the questionnaires) remain publicly available at the Odum Institute's website. In this section,
we use the data for the two academic years 1987 and 1988 to illustrate the models of interest here.

Below is an IRTPRO spreadsheet presentation of the data (By Dataset\Impulsivity\Eysenck87-
itemsl_57.ssig) showing the first 15 cases for the items eys1 to eys10.

d ——
|| "] File Edit Data Manipulate Graphics Analysis View Window Help &= x
2] EX
epsl eys? | epzd | eyzd | epsh | epzh | eps? | epsd | eysd ‘ eyzll -
1 1 2 1 1 1 1 2 2 2 =
2 1 1 1 1 2 1 1 1 1 2
3 1 1 1 1 1 2 1 2 2 2
4 1 2 1 2 1 1 2 2 2 2
5 1 1 1 2 2 1 1 2 2 2
E 1 1 1 2 1 1 1 1 1 1
7 1 1 1 1 1 1 1 1 1 1
8 2 1 1 2 1 1 1 1 2 1
3 1 2 1 2 1 1 2 2 2 2
10 |1 1 1 2 1 1 1 2 1 2 I
1 1 1 1 2 1 1 2 2 1 2
12 1 1 1 1 2 2 1 1 1 2
13 1 1 1 2 1 2 1 2 1 2
14 1 1 1 2 1 1 1 1 1 1
15 2 1 1 1 2 2 2 1 2 2 -
<[ 1 »
NUM

5.2.1 The 2PL Model

IRT item analysis for these data begins with fitting the 2PL model. In this example, use is made of
the IRTPRO data file stored as Eysenck87-itemsl _57.ssig in the folder IRTPRO Examples\By
Dataset\Impulsivity.

From the main menu bar, we select the Analysis, Unidimensional IRT ... option. Click on the right-
hand side of the Test1 tab and insert a second test. Next, right-click on the Test1 tab and rename it
to 2PL-91tems. Likewise, rename the Test2 tab to 1PL-91tems. Starting with the 2PL-9ltems tab,
fill in a title and optional comments on the Description window, then select the Items tab and select
the items Eys1, Eys3, Eys8, Eys10, Eys13, Eys22, Eys39, Eys5 and Eys41.
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Data File: | C:\IRTPRO Examples\By Dataset\Impulsivity Eysencka7-tems 1_57.ssig J Read file |
2PLStems | 1PL-Gtems || Hybrid |
| Description I| Group | lems I Models I| Scoring I| Simulation I
Single Group Analysis

Grouping value: IND Group Variable ;I

List of variables: fems: > |
E'}'S-l - EYS-I *
eys? E eys3
eysd eyzd +
eysd Add x> | eys10
eysh eysl1d
eysh eysd2
eys7 eys35
eysd €ysd
eysd eyzd]
eys10
eyzll &
4 i F Apply ko all groups

Options... oK I Cancel Run

By clicking on the Models tab of the Unidimensional Analysis window, the list of items selected and
model type is displayed. In the IRTPRO data, 1 = Yes and 2 = No. Therefore, (see Section 5.2) all the
items except Eys5 and Eys41 need to be reverse keyed on the Models dialog. The recoding is
accomplished by selecting the first seven cells in the Item Score column. Right-click on any of the
selected cells and then click the Recode Item Scores... option.
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Data File: I C:\IRTPRO Examples\By Dataset\Impulsivity\Eysenckd 7-tems1_57.ssig J Read file |
2PL-Stems | 1PL:Stems || Hybrid |
| Description || Group || ltems | Models | Scoring || Simuiation |
Grouping value: IND Group Variable ;I
ltem List | Categories DdaCndu|lenSm&s Model —
eys] 2 1.2 2PL
eysd 2 1.2 01 2PL
eysd 2 1.2 01 2PL
eyz10 2 1.2 01 2PL
eys13 2 1.2 Recode Itermn Scores...
eysl2 2 1.2 e
eysld 2 1.2 2PL
eyzh 2 1.2 01 2PL -
Constrairts... | DIF... | Apply ko all groups

Options... QK I Cancel | Run |

Selection of the Recode Item Scores ... option results in the display of the Item's Codes and Scores
dialog where the Item Scores are changed in accordance with the answer key.

Item's Codes and Scores‘ E.

Item: eysl

Data Codes Item Scores
: 1
0

When done, click OK to obtain the revised Models dialog shown next.
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Diata File: | C:\IRTPRO Examples\By Dataset\Impulsivity\Eysenck&7-items 1_57.5sig J Read file |
2PL-Stems | 1PL-Stems || Hybrd |
| Description I|Group I| ttems | Models IScoﬁng I|5imu|atior1|

Grouping value: IND Group Variable LI

ftem List | Categories DiiaCndas|lenSmr&s Model i’
eysl b 12 ZPL
eysd 2 1.2 1.0 2PL
eysd 2 12 1.0 2PL
ey=10 2 12 1.0 2PL
eyz13 2 12 1.0 2PL
gysdd 2 12 1.0 2PL
eys39 b 12 1.0 ZPL

eysa 2 1.2 0.1 2PL had

Constraints... | DIF... | Apply to all groups

Options. .. 0K I Cancel Run

In this example, as in Section 5.1, we use the implementation of the Bock-Aitkin (1981) EmM
algorithm to compute the maximum likelihood (ML) estimates of the parameters. By clicking the
Options button (see bottom left above), the Advanced Options window is displayed. The default
display is the estimation settings, shown below. One can use this dialog to set convergence criteria
to values deemed suitable for a given analysis.
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Advanced CRURRS .t il

Test: IZPL*QitemS V] | Apply to all tests |

Estimation ]Star‘ting Valuesm Priors [“Misce\laneous’“ Save " Simulate]

Estimation [Bock-Aitkin -]
Converge information
Maximum number of cycles sqp & Convergence criterion: 1s-00s
M-Step maximum iterations 5q - Copvergence criterion: 1,_nog
£
Quadrature details
Number of 49 S Maximum value: g

[ Apply dimension reduction

Standard S-EM —
Group Gen Dim
I Single Group} 1
N
OK ” Cancel ” Apply

Click OK to close the Advanced Options window, and then click the Run button to start the
estimation procedure.

A selection of parts of the output is listed below. The first part shown lists the item parameter
estimates for the 2PL model. The a (slope, or discrimination) parameter estimates vary from 0.13 up
to 3.7. However, we note that the corresponding standard errors vary from 0.19 up to 7.13; such
large values are attributable to the small sample size (for IRT), less than 200 respondents.

2PL Model Item Parameter Estimates for Group 1, logit: a@ + c or a(8 — b) (Back to TOC)

s.e. C se. b s.e.
eysl 1.18 0.37 1 1.99 0.34 -1.68 0.39

Item Label a
2

eys3 4 0.750.413 1.24 0.21 -1.65 0.81
6
8

[

1.07 0.36 5 -0.43 0.21 0.40 0.19
eys10 0.83 042 7 -1.68 0.32 2.03 0.79
eysl3 10 3.70 7.13 9 2.11 3.81 -0.57 0.13
eys22 12 0.52 0.24 11 0.19 0.18 -0.37 0.42
eys39 14 0.76 0.27 13 0.60 0.21 -0.79 0.41
eys5 16 0.82 0.39 15 -1.60 0.37 1.95 0.66
eys41l 18 0.13 0.19 17 0.56 0.16 -4.16 6.04

eys8

© 00 N o 0o~ WDN
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Summed-Score Based Item Diagnostic Tables and X?s for Group 1 (Back to TOC)

S-X2 Item Level Diagnostic Statistics

ltem Label x°  df.  Probability
1 eysl 766 5 0.1757
2 eys3 10.66 5 0.0584
3 eys8 11.29 5 0.0458
4 eysl0 359 5 0.6111
5 eysl3 6.63 3 0.0844
6 eys22 974 6 0.1359
7 eys39 14.92 5 0.0107
8 eysb5 1215 5 0.0327
9 eys4l 1329 5 0.0208

The value of the M2 goodness-of-fit statistic (Maydeu-Olivares & Joe, 2005, 2006; Cai, Maydeu-
Olivares, Coffman, & Thissen, 2006) reported in the printout below indicates some lack of fit (M2
=47.45, 27 d.f., p = 0.009); however the associated RMSEA value (0.06) suggests this may be due to
a limited amount of "model error”; there must be some error in any strong parametric model.

Likelihood-based Values and Goodness of Fit Statistics (Back to TOC)

Statistics based on the loglikelihood

-2loglikelihood: 1918.13
Akaike Information Criterion (AIC): 1954.13
Bayesian Information Criterion (BIC): 2012.48

Statistics based on the full item x item x ... classification

The table is too sparse to compute the general
multinomial goodness of fit statistics.

Statistics based on one- and two-way marginal tables

Degrees .
Mz of freedom Probability RMSEA
47.45 27 0.0088 0.06

Note: Mz is based on full marginal tables.

Note: Model-based weight matrix is used.

Before interpreting the variability among the slopes as indicative of reliable differences among the
items' association with the latent variable being measured (impulsivity), we fit the 1PL model to the
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data to use the difference between the goodness of fit of the two models to compute a test of

significance of the variation among the 2PL slopes.

5.2.2 The 1PL Model

By closing the output file with extension .htm, we return to the Analysis option on the main menu

bar, click on the 1PL-9items tab. Start with the Description tab, and enter a title and comments.

|

==

Data File: I C:\IRTPRO Examples'By Datazet\Impulsivity\Eysenck87-items1_57.ssig

|2PL-Stems | 1PL-Stems | Hybrid |

Description IGmup || ttems || Mcdals“Smring ||Simulationl

Title:

J Read file |

1PL - 9 items

Comments:

1PL model fitted to each of the nine tems.
This is accomplished by constraining all the
|slope parameters to be equal.

Options. .. 0K I

Cancel |

Run |

Select the same nine items that were chosen for the 2PL model, then click the Models tab, and recode

the first seven items as discussed in the previous section:
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Data File: I CNRTPRO Examples'By Dataset\Impulsivity \Eysenckad7-items1_57.ssig J Read file |
|2PLSitems | 1PL-Stems | Hybrid |
|D&m1pt|onl|ﬁm.p I| ttems | Models I5m1ng||5ﬂ'm.|.labonl

Grouping value: IND Group Variable LI

ftem List | Categories Data Codes | tem Scores Model | i’
2 1.2 1.0 2PL
eysd 2 12 1.0 2PL
eysd 2 12 1.0 2PL
eys10 2 12 1.0 2PL
eysl13 2 12 1.0 2PL
eysdd 2 1,2 1.0 2PL
eys3 2 1.2 1.0 2PL

eysh 2 12 0.1 2PL had

Constraints... | DIF... | Apply to all groups

Options. .. 0K I Cancel Run

In the Models window, click the Constraints... button to obtain the Item Parameter Constraints
window shown below. Next, select all nine items by clicking on them while holding down the Shift
or Control key and right-clicking from any of the selected cells.

T

Group: Single Group

eys4 Set Parameters Equal

Meal Fix Value...
C Set Parameters Free

Set parameters equal across groups

[ ok ][ cancel
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From the drop-down menu, select Set Parameters Equal to obtain the required constraints on the
nine slope parameters.

# | Item Parameter Constraints

)

Group: Single Group

Item
eysl
eys3
eys8
eysl0
eysl3
eys22
eys39
eyss
eys4l

a
a
a 13 ¢
a
a
a

oK

l | Cancel

As shown below, the ML estimate of the (single, common, equal) a parameter for all nine items is
0.83, with a standard error of 0.10; the standard error has become much smaller than the slope
standard errors for the 2PL model because the data from all nine items is used to estimate the single
common slope.

2PL Model Iltem Parameter Estimates for Group 1, logit: a@ + c or a(8 — b) (Back to TOC)

Item Label a s.e. C s.e. b s.e.

[

© 00 N o 0o b~ WD

eysl 90.830.101 1.80 0.22 -2.16 0.34
eys3 9 0.83 0.10 2 1.26 0.19 -1.52 0.27
eys8 9 0.83 0.10 3 -0.40 0.17 0.49 0.21
eys10 9 0.83 0.10 4 -1.68 0.20 2.02 0.32
eysl3 9 0.83 0.10 5 0.93 0.18 -1.12 0.24
eys22 9 0.83 0.10 6 0.21 0.16 -0.25 0.20
eys39 9 0.83 0.10 7 0.61 0.17 -0.73 0.21
eys5 9 0.83 0.10 8 -1.60 0.20 1.93 0.31
eys4l 9 0.83 0.10 10 0.64 0.17 -0.77 0.21
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Summed-Score Based Item Diagnostic Tables and X2s for Group 1 (Back to TOC)

S-X2 Item Level Diagnostic Statistics

2

Item Label y d.f. Probability
1 eysl 593 5 0.3144
2 eys3 10.53 5 0.0614
3 eys8 1254 6 0.0509
4 eysl0 383 5 0.5747
5 eysl3 16.27 5 0.0061
6 eys22 1141 5 0.0437
7 eys39 1494 5 0.0106
8 eysb 11.70 5 0.0390
9 eys4l 2541 5 0.0001

The primary purpose of fitting the 1PL model is to obtain the value of -2 log likelihood to use with
the corresponding value from the 2PL fit to test the significance of the variation among the a
parameters in the 2PL model.

Likelihood-based Values and Goodness of Fit Statistics (Back to TOC)

Statistics based on the loglikelihood

-2loglikelihood: 1943.71
Akaike Information Criterion (AIC): 1963.71
Bayesian Information Criterion (BIC): 1996.13

For these data, the likelihood ratio test of the significance of variation among the slope parameters
is computed as the difference between -2 log likelihood for the 1PL and 2PL models, 1943.71 - 1918.13
= 2558, which is distributed as %% on 8 d.f., p = 0.0012. The significance of that test statistic leads to
the conclusion that there is some reliable difference in discrimination for these nine items; further
data analysis can be used to identify that variation.

Under the hypothesis of perfect model fit, the S-X? statistics are approximately distributed as x°

values with the tabulated degrees of freedom; significant values indicate lack of fit. Because a very
strong model such as the 2PL rarely fits perfectly, one expects some (slightly) significant values,
because the model is not perfect. The statistics tabulated for the 2PL fit illustrate this point: Four of
the nine values are significant at the p = 0.05 level; however, none have p <0.01. For the 1PL model,
however, the value of the S-X? for item 41 is very large: 25.41 on 5 d.f., p < 0.0001. That value
suggests that closer inspection of the underlying frequency table is warranted.
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We notice that the reason for the large value of the S-X? diagnostic statistic for this item is that for
low summed scores on the other items (0-4), we observe more "no" responses than expected, while
for higher summed scores on the other items (5-8) we observe more "yes" responses than expected.
This pattern suggests that the 1PL fitted value of the slope (a) parameter for item 41 is too high,
producing expected values that are too high for low scores, and too low for high scores. Having
noted this large S-X? diagnostic statistic for this item, with the pattern of observed and expected
values, and that item 41 has (by far) the lowest estimated a parameter for the 2PL fit, we re-fit the
data with a special model that is a hybrid between the 1PL and 2PL models.

5.2.3 A Special Model with Equality Constraints

The special hybrid model imposes the constraint that the a parameters are equal for all the items
except eys41; however, it permits eys41 to have its own slope estimate, which is lower.

Select the Analysis, Unidimensional IRT ... option and right-click next to the 1PL-9items tab to
insert a Test3 tab. Right-click on this tab and rename it to Hybrid. Select the same nine items that
were used in Sections 5.2.1 and 5.2.2.

Unidimensional Analysis » v [ﬁ

Data File: | C:\IRTPRO Examples\By Dataset\Impulsivity\Eysenck87-tems 1_57.ssig

| 2PLStems || 1PL-Stems | Hybrid |

|Descﬁption’||Gmup| ltems ]Models[“Scuﬁng’“SimulatiDn"

Single Group Analysis |

Grouping value: |H-:- Group Variable J |
List of variables: ltems: ﬂ

eysl - eys] +

eys2 = eys3

eys3 3 eysd +

eysd eys10

eysh eysd2

eys7 eys39

eysd eys5

eys10

eys1l &7

4 1 b

Options. .. oK | Cancel Run

s =

Proceed to the Models tab and recode the item scores of the first seven items from (0,1) to (1,0). See
Section 5.2.1 where the steps to do the recoding is discussed. Click the Constraints... button to
obtain the following display.
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Unidimensicnal Analysis | Py | _1
1
Data File: . s i i —
D I C:MRTPRO Examples'By Dataset\Impulsivity \Eysencka 7-tems 1_57.ssig [ Fern Parameter CDE‘;_
|2PLSitems || 1PL Stems | Hybrid | ErrmEm Ry
Item
| Description ||Group || tems | Models 'Sconng I|Simu|atior1l eysi 2 1 c B
eys3 a 3 C 4
Grouping value: INo Group Varable eys8 a : £ g
eys10 a 7 C 3
Item List ;aegnn&s ﬁa Codes 1leﬂrl Scores - eys13 = 9 . 10
' ' eys22 a 11 c 12
eysd 2 1.2 1.0 2PL 2 1 c 14
eys8 2 1.2 1.0 2PL . & c 15
ey=10 2 1.2 1.0 2PL . . o c 18
eys13 2 1.2 1.0 2PL
eysl2 2 1.2 1.0 2PL Covari
ey=39 2 1.2 1.0 2PL
eysh 2 1.2 0.1 2PL
Constraints... | DIF... |
Set parameters equal across groups
Options... | OK |

In the special model, we want to constrain the slope parameters of the first eight items to be equal,
but freely estimate the slope parameter of eys41. To achieve this, select the slope cells of the first
eight items, then right-click to obtain the Set Parameters Equal, Fix value..., or Set Parameters
Free options.

Group: Single Group

e Set Parameters Equal
€ Fix Value...

5 Set Parameters Free
eys

Set parameters equal across groups

oKk | [ Cancel

82



By selecting the Set Parameters Equal option, the constraints screen changes to reflect that the first
eight items have equal slope and that the slope of the ninth item is estimated freely, as shown below.

Group: Single Group

Item
eysl
eys3
eys8
eys10
eysl3
eys22
eys39
eyss
eys4l
Means
Covariances [l

vio o oo oo ole

10

12

The item parameter estimates, standard errors, and goodness of fit statistics for this model are as

follows.

2PL Model Iltem Parameter Estimates for Group 1, logit: a@ + c or a(8 — b) (Back to TOC)

Item

Label a

S.e. C

se. b s.e.

© 00 N oo o~ W N P

eysl °
eys3 °
eys8 °
eys10 °
eys13 °
eys22 °
eys39 °
eyss °

0.98 0.12 *
0.98 0.12 2
0.98 0.12 3
0.98 0.12 ¢
0.98 0.12 °
0.98 0.12 ©
0.98 0.12 7
0.98 0.12 8

1.87 0.22 -1.92 0.29
1.32 0.19 -1.35 0.23
-0.42 0.17 0.43 0.18
-1.75 0.22 1.79 0.27
0.97 0.18 -1.00 0.21
0.22 0.17 -0.22 0.17
0.64 0.18 -0.65 0.19
-1.67 0.21 1.71 0.27

eys41 ! 0.11 0.20 *° 0.55 0.15 -5.26 10.03
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Summed-Score Based Item Diagnostic Tables and X2s for Group 1 (Back to TOC)

S-X2 Item Level Diagnostic Statistics

2

Item Label y d.f. Probability
1 eysl 623 5 0.2860
2 eys3  10.67 5 0.0582
3 eys8 1134 5 0.0450
4 eysl0 343 5 0.6348
5 eysl3 1397 5 0.0157
6 eys22 13.11 5 0.0223
7 eys39 1494 5 0.0106
8 eysb5 1285 5 0.0247
9 eys4l 1323 5 0.0213

From the S-X? item level diagnostic statistics given above it follows that six of the nine values are
significant at the p = 0.05 level. However, none is significant at the p = 0.01 level, suggesting these
statistics may indicate real, but negligible, misfit.

Likelihood-based Values and Goodness of Fit Statistics (Back to TOC)

Statistics based on the loglikelihood

-2loglikelihood: 1931.41
Akaike Information Criterion (AIC): 1953.41
Bayesian Information Criterion (BIC): 1989.07

Likelihood ratio tests indicate that this model fits significantly better than the 1PL model (y* =
1943.71 - 1931.41 = 12.3, 1 d.f., p = 0.0005), but it does not fit significantly worse than the 2pPL
model (x> =1931.41 - 1918.13 = 12.3, 7 d.f., p = 0.066). The values of the M2 overall goodness of

fit statistic and its associated RMSEA are approximately the same for this hybrid model as they were
for the 2PL model, although the special model estimates seven fewer parameters (2 a's and 9 c's, as
opposed to 9 a's and 9 ¢'s). Therefore, the combined considerations of goodness of fit and parsimony
suggest the use and interpretation of the special hybrid model.

Inspection of the underlying summed-score by item response tabulations for these statistics confirms
that. The printout below shows the underlying summed-score by item response tabulation for the S-
X2 item level diagnostic statistics for the special hybrid model fit to eys1 and eys39. The table for
item 1 (eys1) shows perfectly good fit, with a non-significant value of S-X2. The summed-score by
item response table for item 7 (eys39), has a "significant" S-X?2 value of 14.9 on 5 d.f. (p = 0.0106).
We note that even in the table for eys39, the worst-fitting of the nine items, there is no particular
tendency for higher observed than expected values to occur in blocks or "runs™ that might indicate
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bad fit of the trace line, as we previously observed with eys41 fitted with the 1PL model.

ltem 1 S-X2(5) = 6.2, p = 0.2860 (Back)

Category 0 Category 1
Score Observed Expected Observed Expected
0 1 1.3 2 1.7
1 2 2.9 6 51
2 9 8.7 22 22.3
3 6 5.1 18 18.9
4 6 7.7 44 42.3
5 7 3.6 25 28.4
6 1 21 2.8 26 24.9
7 0 0.6 11 104
8 0 0.1 3 2.9

The gray numbers in the S-X2 tables are observed and expected frequencies in cells that have expected
frequencies less than 1.0 (or whatever the minimum value is set to in Advance Options). The gray
numbers have been "collapsed™ into adjacent red or blue numbers above or below them. For example,
in the table above, the gray values 0, 0, and 1 total to the red "1" in the Score 6, Category 0 cell, and the
gray numbers 0.1, 0.6 and 2.1 add up to the red 2.8 that is expected in that "collapsed” cell.

The values are printed in red if the observed covariation between responses to a pair of items exceeds
that predicted by the model, and in blue if the observed covariation is less than fitted. The bright red
and bright blue values are larger in absolute value than 3.0; the less bright red and blue numbers have
absolute values less than 3.0. The value of 3.0 is not particularly meaningful; it merely serves as a
minimal arbitrary cut-off to make the darker values less salient, because they almost certainly do not
represent any important LD. There can be black numbers in those tables, if the nominal model is fitted
and the item's responses are not properly ordered.
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ltem 7 S-X2(5) = 14.9 , p = 0.0106 (Back)

Category 0 Category 1

Score Observed Expected Observed Expected
0 1 0.7 0 0.3

1 4 5 65 72 6 6 3.5 38
2 9 8.5 6 6.5
3 22 17.0 14 19.0
4 10 16.8 34 27.2
5 17 111 20 25.9
6 6 7.0 25 24.0
7 1 20 23 11 10.0
8 0 0.3 3 2.7

Chen & Thissen (1997) proposed the LD y? statistic, computed by comparing the observed and
expected frequencies in each of the two-way cross tabulations between responses to each item and
each of the other items. These diagnostic statistics are (approximately) standardized > values (that
is, they are approximately z-scores) that become large if a pair of items indicates local dependence,
that is, if data for that item pair indicates a violation of the local independence assumption that is the
essence of the item response model. The printout below shows the pairwise values of the
standardized LD y? statistics for this impulsivity subscale fitted with the special model intermediate
between the 1PL and 2PL models; italic entries indicate positive LD, while roman entries indicate
negative LD.

Because the standardized LD y* statistic is only approximately standardized, and is known to be

based on a statistics with a long-tailed ( *) distribution, we do not consider values larger than 2 or

3 to be large. Rather, we consider values larger than 10 large, indicating likely LD; values in the
range 5-10 lie in a gray area, and may either indicate LD or they may be a result of sparseness in the
underlying table of frequencies. In practice, data analysts use inspection of the item content, as well
as these statistics, to evaluate the presence of LD when it is indicated. All the values are relatively
small, indicating no evidence of LD, and suggesting that the model fits satisfactorily.
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Marginal fit (X2) and Standardized LD X2 Statistics for Group 1 (Back to TOC)

Marginal
Item Label X2 1 2 3 4 5 6 7 8
1 eysl 0.0
2 eys3 0.0 -0.6
3 eys8 0.0 -0.7 -04
4 eysl0 0.0 -0.2 1.2 -0.5
5 eysl3 0.0 4.6 -0.7 26 -0.6
6 eys22 0.0 -0.5 2.7 -0.1 -0.2 -0.7
7 eys39 0.0 -01 -07 06 -04 -01 -0.2
8 eyss 0.0 6.6 -0.6 05 0.1 -0.0 22 -0.6
9 eys4l 0.0 -06 -06 13 -02 -04 0.0 -05 -0.6

5.2.4 Trace Lines and information curves for the 2PL model

To obtain graphical representations of the trace lines and information curves for the nine impulsivity
subscale items, open the output file containing the results of the 2PL analysis (Eysenck87-
itemsl_57.2PL-9items.htm) and select Analysis, Graphs as shown below.

| IRTPRO - [Eysenck87-items1_57.2PL-Sitems-irt.htm] a

Graphs

IRTPRO Version 2.0
Output generated by IRTPRO estimation engine

[87] File Edit View | Analysis | Window Help
==

N

Project:

Eysenck data nine selected items

Description:

2PL model fitted to each of the nine items.

This action opens the Graphics window and as default, a display of the trace lines. The trace lines
shown plot the probability of the "impulsive" responses for each item as a function of the underlying
latent variable. The curves show that the nine items are spread to cover the range of the impulsivity
continuum. For item 41, with its very low slope value (0.11), the probability of a "no" response
changes very little across levels of impulsivity from lowest to highest.
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To obtain the information curves, click on the Information option.

File Edit View Graphs ChartType Tools Help

SEYIEIE

:: Eysenckﬂ?—itﬂPL—gi‘ten‘ls:irtl lot - IRTProGra

(s Trace lines
i

;o] information

-[&] Combined

[&-] Total Information Curve
[0 Test Characteristic Curv

il Graph | g Teble

Information

eysl

Below we show the information curves for each item. If we were constructing an "impulsivity" scale

based on the IRT analyses, we would omit item 41 since it provides negligible information.

Information

Information

eysl eysd eysd eysll eysld
5 3 3 3 3
< < < <
° =) =) =)
3 52 g2 82 82
£ £ E =
1 1 1 1 1
2 40 5 2 1 o0 1 2 3 52 a0 2 3 2 a0 3 10 1
Theta Theta Theta Theta Theta
eys2e eys39 eyss eysdl
3 3 3 3
< c c
S =] S
2 T g2 g2
2 g g
£ £ €
1 1 1 1
2 40 s 2 1 0 1 2 3 32 A 2 3 2 A
Theta Theta Theta Theta
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5.3 Analysis of the State-Trait Anxiety Inventory (STAI) data

This example examines item responses obtained from 517 undergraduate students at the University
of Houston and the University of Arkansas who completed a 20-item anxiety questionnaire derived
from the State-Trait Anxiety Inventory (STAI, Spielberger, 1983). For illustration of fitting the
graded, partial credit, and nominal response models, six items are selected:

| feel calm.

| am tense.

| am regretful.
| feel at ease.
| feel anxious.
| feel nervous.

o O O O O O

In these data, the responses were on a five-point unipolar Likert-type response scale: 1 = not at all,
2 = very little, 3 = somewhat, 4 = moderately, and 5 = very much.

5.3.1 Graded model

To see the data, use the Open file dialog under the File menu of IRTPRO, navigate to the
C:A\IRTPRO Examples\By Dataset\Anxiety14 folder, select Files of type: IRTPRO Data File
(*.ssig) in the Open File dialog, and open the file Anxiety14.ssig.

While this file contains responses to fourteen items, only the six items listed above have meaningful
variable names (Calm, Tense, and so on). The other variables are named Vv2, v6, V7, etc., and will not
be used here.

ESRiPro - prien sl “S— C=RIE X
[= ' File Edit Data Manipulate Graphics Analysis View Window Help - & %
DS ™| | %
Calm 2 | Tense Regretful AEase VB V7 g Anious -
1 2 2 2 2 2 3 4 3 =
2 |3 3 5 5 3 3 3 4 4
3 |3 3 3 3 3 1 4 4 1
4 |3 3 2 2 3 2 4 2 2
[ 3 2 4 3 2 1 3 4
& |1 1 1 1 1 1 3 2 1
[E 2 1 1 2 1 5 1 1
M= | 1 2 1 1 1 2 2 1
| ERNE 3 3 1 3 2 4 1 2
0 |3 2 2 1 2 2 3 2 2
| 1 |1 1 1 1 1 1 1 1 1
| IEENE 3 2 1 3 2 3 1 2
13 |3 3 1 2 3 2 4 1 1
14 |2 2 1 1 2 1 2 1 2
15 |2 2 2 2 H 2 4 2 2 i
4 1 [3
Ready NUM SCRL

To initiate the unidimensional IRT analysis, select Unidimensional IRT ... under the Analysis menu.
After adding a title and (optional) comments, click the Items tab and select the six items as shown
next.
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= |

Graded | GPCred || Nominal |

Single Group Analysis

Data File: IC:‘l,IRTPRO Examples\By Dataset\Anxiety 14\Anxiety 14, ssig J Read file |

| Description I|Group | tems 'Models||5mring ||Simulaﬁon|

Grouping value: IN-:: Group Varable

List of variables:

Calm

V2
Tense
Regretful
AtEase
V&

V7

VE
Aredous
V10

Apply to all groups

Options... |

Selection of the Models tab in that dialog shows that each item has five response categories, the data
codes 1, 2, 3, 4, 5 have been automatically given item scores (model category values) o, 1, 2, 3, 4,
and Samejima’s (1969, 1997) graded model has been selected:

= |

Graded | GPCredit || Nominal |

|Deacriptionl|Group || ftems | Models 'Scoring ||Sirnulation|

Data File: IC:’\IRTPRO Examples'By Dataset\Anxiety 14\Anxiety 14.ssig J Read file |

Grouping value: IND Group Variable

Data Codes

ltem Scores|  Model |

ltem List | Categories

5

Tense 5
Regretful 5
AtEase 5
Arpdous 5
5

Nervous

Constraints... | DIF... |

1
1
1
1
1
1

,2.3.4.5
.2.3.45
,2.3.45
.2,3.45
.2.3.45
,2.3.45

0.1.23.4
01234
01,234
01,234
01234
0.1.23.4

Apply to &)l groups |

Options...

o]
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If we click the Run button in the lower right-hand corner of the dialog, we obtain the output. The
first table of Graded Model Item Parameter Estimates lists the slopes (a) and intercepts (c); the
second table lists the slopes (a) and thresholds (b).

Note that there are slight numerical differences (larger in the standard errors than in the parameter
estimates) between the results obtained with IRTPRO and the Multilog estimates reported for these
items by Thissen & Steinberg (2009). These differences are due to differences in numerical
quadrature, and the facts that IRTPRO usually converges to more decimal places, and computes much
more accurate standard errors, than did Multilog.

Graded Model Item Parameter Estimates, logit: a8 + ¢

ltem Label a s.e. cl s.e. c2 s.e. c3 s.e. c4 s.e.

1

o OB~ W DN

w

Calm 5 229 021 1 217 020 2 -0.80 0.16 -357 028 4 -6.31 051
Tense 10 226 019 6 234 020 7 -0.46 0.16 -260 022 9 -5.37 0.39
Regretful 15 133 013 11 103 013 12 -085 012 13 -222 016 14 -408 0.28
AtEase 20 242 022 16 289 024 17 -032 016 18 -319 026 19 -6.63 055
Anxious 25 180 016 21 131 015 22 -113 015 23 -307 022 24 -660 0.62
Nervous 30 171 015 26 146 015 27 -061 013 28 -220 018 29 -428 0.29

[ee]

Graded Model Item Parameter Estimates for Group 1, logit: a(@-b) (Back to TOC)

ltem Label a s.e. bl s.e. b2 s.e. b3 s.e. b4 s.e.

1 Calm 5 229 021 -095 0.09 035 007 156 0.11 276 0.22
Tense 10 226 019 -1.04 0.09 020 0.07 1.15 0.09 238 0.17
Regretful 15 1.33 0.13 -0.77 0.11 0.64 010 167 0.16 3.08 0.29
AtEase 20 242 022 -120 0.09 0.13 0.07 132 0.10 275 0.21
Anxious 25 1.80 0.16 -0.73 0.09 0.63 0.08 1.70 0.13 3.67 0.39
Nervous 30 1.71 0.15 -0.85 0.10 0.36 0.08 1.28 0.11 250 0.20

o OB~ WDN

Likelihood-based Values and Goodness of Fit Statistics (Back to TOC)

Statistics based on the loglikelihood

-2loglikelihood: 7522.70
Akaike Information Criterion (AIC): 7582.70
Bayesian Information Criterion (BIC): 7710.14

To see the graded model trace lines graphically, when the output file Anxiety14.Testl-irt.htm isin
the IRTPRO viewer window, we may select Graphs under the Analysis menu, and a separate
program IRTPROGraphs starts and shows various graphics that may be selected using a left-side
navigation bar:
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When inspection of the graphics is complete, the IRTPROGraphs program may be closed using
the X in the upper right-hand corner of the window, and we return to the main IRTPRO window that
has remained running behind the graphics application. We leave it to the user as an exercise to page
through the rest of the output, which shows reasonably good fit of the graded IRT model to these six
items.

5.3.2 Muraki's generalized partial credit model fitted to the State Trait Anxiety Inventory
(STAI) data

Continuing with the example from the previous section, we add an additional test in order to fit the
generalized partial credit model. By right-clicking to the right of the Testl tab, a pop-up menu is
obtained that enable the user to enter a new test, delete a test or rename an existing test, the default
test names being Test1, Test2, ...

Testt |
Insert Test...

Delete Test eIs[“Scoring"
Rename
Manage Test... data

Right-click on each of the test tabs to invoke the Insert Test..., Delete Test, etc. drop-down menu.
Click the Rename button and replace Testl with Graded and Test2 with GPCredit, the latter being
more descriptive of the type of model to be fitted to the item response data.
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Data File: IC:HRTPRO Examples\By Dataset\Anxiety 14\Anxiety 14,5sig J Read file |

|Graded | GPCredit | Nominal |

Description | Group || kems || Models || Scoring || Simuiation |
Title:
Six items selected from the STAI data

Comments:
Muraki's generalized partial credit model

Options...

Use the Items tab in the GPCredit tab in the Unidimensional Analysis dialog to select the six items
to be analyzed:

Data File: IC:\,IRTPRD Examples'By Dataset\Anxiety 14\Anxiety14.ssig J Read file |

|Graded | GPCredit | Nominal |

| Desciption || Group | ems | Models || Scoring || Simulation |
Single Group Analysis
Grouping value: INo Group Variable

List of variables:

Calm
V2

Tense

Regretful Add s> |
AtEase

V&

V7

VB

Ardous

V10

Apply to all groups

Options. .. QK I
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Selection of the Models tab in that dialog shows that each item has five response categories, the data
codes 1, 2, 3, 4, 5 have been automatically given item scores (model category values) o, 1, 2, 3, 4,
and Samejima's (1969, 1997) graded model has been selected as default. To change the default model
to the general partial credit model, select Graded for each item under the Model column and right-
click to obtain a pop-up menu showing a list of models appropriate for the selected items.

| Graded | GPCredit INominaIl

Data File: | C:\IRTPRO Examples\By Dataset\Anxiety 14\Anxiety 14.ssig

J Read file |

| Description ||Group l| ltems | Modsls IScoring ||Simu|atior1|
Grouping value: INo Group Variable ;I
ltem List | Categories | Data Codes | ltem Smns| Model

Calm 5 1.2.3.45 01.234 [EE:E

Tense 5 11,2345 01,234 ekl

Regretful 5 1.2.3.45 01,234

HAtEase 5 1.2.3.45 01,234

Arvdious 5 1.23.45 01,234 =

Mervous 5 1.2.3.45 01,234 IpL
Graded

Constraints... | DIF... | GPCredit

Mominal

Options...

oK I Cancel Run

Select GPCredit from this list to obtain the new set of models shown below.

Item List |CategoriesData Codesitem Score! Model

Calm 1,2,
Tense
Regretful
AtEase

Anxious

Lo L I I B B
e e e
Pl P EA P P

Nervous

If one clicks the Run button in the lower right-hand corner of the dialog, the output appears.

Table of Contents

3,4,
3,4,
3,4,
3,4,
3,4,
3,4,

(LSRR ERTERT T Y]
2L e
Fal ol Pl Pl P o
Pl P EA P P
LT R W R WS B W% B S |

0,1, 2,3, 4

.+ X
.+ X
] cr ced
] cr ced
4

.+ X
.+ X
.+ X

Nominal Model Slopes and Scoring Function Contrasts for Group 1, logit: (ask@+ ck); S=Ta

Nominal Model Scoring Function Values for Group 1, logit: (ask@+ck); S =Ta

Nominal Model Intercept Contrasts for Group 1, logit: (ask@ +ck); C=Ty
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Original (Bock, 1972) Parameters, Nominal Items for Group 1, loqgit: (a8 + ck)

Summed-Score Based Item Diagnostic Tables and X?s for Group 1

Group Parameter Estimates
Marginal fit (X?) and Standardized LD X? Statistics for Group 1
Item Information Function Values for Group 1 at 15 Values of 8 from -2.8 to 2.8

Likelihood-based Values and Goodness of Fit Statistics

Summary of the Data and Control Parameters

The first table of Partial Credit Model Item Parameter Estimates lists the slopes (a) and intercepts (c);
the second table lists the slopes (a) and thresholds (b):

GPC Model Item Parameter Estimates, logit: a[k(8 - b) + Zd]

Item Label a se. b se. o d> s.e. ds s.e. ds s.e. ds s.e.
1 Calm 1 169 019 090 0.112 0.00 1.82 0.12 050 0.09 -0.65 0.12 -1.67 0.20
2 Tense 6 1.63 0.18 0.66 0.10 0.00 1.66 0.11 0.36 0.09 -0.38 0.10 -1.64 0.16
3 Regretful 11 0.76 0.09 1.11 0.24 0.00 159 0.17 0.18 0.19 -0.19 0.23 -1.58 0.31
4 AtEase 16 1.87 0.22 0.74 0.11 0.00 1.92 0.12 0.58 0.09 -054 0.11 -1.96 0.21
5 Anxious 21122 0.14 1.37 0.22 0.00 1.98 0.20 0.64 0.20 -0.10 0.22 -2.52 0.53
6 Nervous 26 1.05 0.12 0.80 0.10 0.00 1.46 0.13 0.30 0.13 -0.24 0.16 -1.52 0.22

This part of the printout is followed by a portion of the printout that provides slopes, scoring function
contrasts, and intercept contrasts for the Nominal model. These values were used to obtain the GPC
parameter estimates listed above. The relationship between this printout and the GPC item parameter
estimates is described by Thissen, Cai, & Bock (2010) and the reader is referred to this publication
for details.

Nominal Model Slopes and Scoring Function Contrasts for Group 1, logit: (a sk8 + ck); s=Ta (Back to
TOC)

Item Label a s.e. Contrasts (o8} s.e. s.e. Os s.e. O s.e.
1 Calm 1 169 0.19 Trend 1.00 ---- 0.00 ----- 0.00 ---- 0.00 --—---
2 Tense 6 1.63 0.18 Trend 1.00 --—--- 0.00 ---- 0.00 ----- 0.00 -----
3 Regretful 11 0.76 0.09 Trend 1.00 ---- 0.00 ----- 0.00 ----- 0.00 -----
4 AtEase 16 1.87 0.22 Trend 1.00 ---- 0.00 ----- 0.00 ----- 0.00 --—---
5 Anxious 21 1.22 0.14 Trend 1.00 ----- 0.00 ----- 0.00 ----- 0.00 -----
6 Nervous 26 1.05 0.12 Trend 1.00 ---—-- 0.00 ---- 0.00 ----- 0.00 -----
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Nominal Model Scoring Function Values for Group 1, logit: (a sk + ck); s =Ta (Back to TOC)

Item  Category s Sz Ss Sa Ss

1 Calm 0.00 1.00 2.00 3.00 4.00
2 Tense 0.00 1.00 2.00 3.00 4.00
3 Regretful 0.00 1.00 2.00 3.00 4.00
4 AtEase 0.00 1.00 200 3.00 4.00
5 Anxious 0.00 1.00 200 3.00 4.00
6 Nervous 0.00 1.00 2.00 3.00 4.00

Nominal Model Intercept Contrasts for Group 1, logit: (a sk8 + ck); c =Ty (Back to TOC)

Item Label Contrasts y: s.e. Y2 s.e. Ya s.e. Va s.e.
1 Calm Trend 2 -151 0.22 3 404 044 4 0.13 0.13 5 0.13 0.08
2 Tense Trend 7 -1.07 0.18 8 354 0.36 9 0.02 0.10 10 0.26 0.07
3 Regretful Trend 12 -0.85 0.11 13 1.53 0.22 14 0.00 0.10 15 0.18 0.08
4 AtEase Trend 17 -1.37 0.27 18 490 0.57 19 -0.03 0.14 20 0.23 0.08
5 Anxious Trend 22 -1.67 0.32 23 3.54 0.63 24 -0.33 0.23 25 0.34 0.12
6 Nervous Trend 27 -0.84 0.14 28 2.03 0.26 29 -0.03 0.10 30 0.18 0.08

2
The next part the printout lists summed-scored based item diagnostics, marginal fit (£ ) and

2
standardized LD 4 statistics. See Section 5.2.3 for an interpretation of these results.

Summed-Score Based Item Diagnostic Tables and X2s for Group 1 (Back to TOC)

S-X2 Item Level Diagnostic Statistics

2

Item  Label X d.f. Probability
1 Calm 36.37 36 0.4527
2 Tense 59.84 39 0.0175
3 Regretful 54.60 49 0.2695
4 AtEase 35.83 35 0.4309
5 Anxious 51.47 39 0.0870
6 Nervous 56.92 47 0.1520
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Marginal fit (X2) and Standardized LD X2 Statistics for Group 1 (Back to TOC)

Marginal
ltem  y° 1 2 3 4 5
1 0.1
2 0.1 3.1
3 0.0 0.3 1.3
4 0.1 122 3.1 1.0
5 0.0 1.3 3.0 2.9 0.9
6 0.0 0.5 -14 4.1 1.1 7.3

The last part of the printout shown here are likelihood-based statistics.

Likelihood-based Values and Goodness of Fit Statistics (Back to TOC)

Statistics based on the loglikelihood

-2loglikelihood: 7554.61
Akaike Information Criterion (AIC): 7614.61
Bayesian Information Criterion (BIC): 7742.05

To see the partial credit model trace lines graphically, when the output file Anxiety1l4.GPCredit-
irt.htm is in the IRTPRO viewer window, select Graphs under the Analysis menu, and a separate
program IRTPROGraphs starts and shows various graphics that may be selected using a left-side
navigation bar:
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When finished with the graphics, the IRTPROGraphs program may be closed using the X in the
upper right-hand corner of the window; control returns to the main IRTPRO window that has
remained running behind the graphics application.

5.3.3 Nominal model example

In this section, we fit Bock's nominal model to these data. To compute and view the output for this
model, use the Window menu to return to the Anxietyl4.ssig spreadsheet window, and then the
Analysis menu to select Unidimensional IRT ....

Insert Test3 by right-clicking next to the GPCredit tab, then right-click on this tab to rename Test3
to Nominal. Follow the instructions in Sections 5.3.1. Select the same six items. Select all the Graded
cells in the Models window, then right-click to change Graded to Nominal. Click the Run button to
run the analysis.
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Data File: IC:HRTPRD Examples'By Dataset\Anxiety 14\Anxiety 14.ssig J Read File |

|Graded || GPCredit | Nominl |

| Description ||Group l| ftems | Models IScoring ||Sirnulaﬁor1l

Grouping value: IND Group Variable ;I
ltem List | Categories | Data Codes | ltem Scores|  Model
Calm 5 1.2.3.45 D0.1.2.3.4
| Tense 5 1.2345 0.,1.2.3.4
Regretful 5 1.2.3.45 01234
MFEase 5 1.2.3.45 01234
Arndious 5 1.2.3,45 01,234 w
MNervous 5 1,2,3.45 01,234 w

Constraints ... | DIF... | Applytoa_llgrnupsl

QOptions... 0K Cancel Run

A portion of the output is shown next.

Nominal Model Slopes and Scoring Function Contrasts for Group 1, logit: (a sk + ck); s = Ta (Back to
TOQ)

Item Label a s.e. Contrasts o  s.e. @, s.e. Os S.e. O s.e.
1 Calm 4 1.46 0.23 Trend 1.00 ----- 1 046 0392 -0.210.213% 0.22 0.13
Tense 12 1.57 0.23 Trend 1.00 ----- ® 0.27 0.34 ° 0.06 0.13 ** 0.06 0.09
Regretful 2° 0.78 0.12 Trend 1.00 ----- 17.0.11 0.36 ® 0.18 0.17 '° 0.18 0.14
AtEase 28 1.70 0.25 Trend 1.00 ----- 25 .0.42 0.34 %6 0.03 0.14 %" 0.09 0.09
Anxious 3¢ 1.28 0.47 Trend 1.00 ----- 33.0.21 0.92 34 0.29 0.26 ** -0.04 0.15
Nervous “#* 1.04 0.13 Trend 1.00 ----- 41.0.44 0.30 2 0.12 0.13 “® -0.03 0.11

S g~ WDN
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Likelihood-based Values and Goodness of Fit Statistics (Back to TOC)

Statistics based on the loglikelihood

-2loglikelihood:

Akaike Information Criterion (AIC):

Bayesian Information Criterion (BIC):

7528.45
7624.45
7828.35

The table below is a summary of the information criteria for the three models. Since both the AIC
and BIC are the smallest for the Graded model, we conclude that this model provides the better fit of

the data.

Comparison of Information criteria

Model AlC BIC

Graded 7582.70 7710.14
General Partial Credit 7614.61 7742.05
Nominal 7624.45 7828.35

Note that we cannot use the -2 log likelihood statistic to compare these models since, for example,
the Nominal model is not nested within the Graded model.

5.4 Unidimensional analysis of the Affect Adjective Check List (AACL)

The Affect Adjective Check List (AACL) (Zuckerman, 1980) involves 21 adjectives; the first 11 are
called the "anxiety-plus™ adjectives, and the final 10 words are "anxiety-minus" adjectives. All 21

adjectives are listed in the following table:

Anxiety-plus Anxiety-minus

1. Afraid 7. Shaky 12. Calm 17. Loving

2. Desperate 8. Tense 13. Cheerful 18. Pleasant
3. Fearful 9. Terrified 14. Contented 19. Secure

4. Frightened 10. Upset 15. Happy 20. Steady

5. Nervous 11. Worrying 16. Joyful 21. Thoughtful
6. Panicky

Data (N = 290) used here are from the 1988 "Affect Adjective Check List (CAPS-ANXIETY
module)”, hdl:1902.29/CAPS-ANXIETY, Odum Institute Dataverse. To collect the data analyzed
here, the adjectives were framed with the instructions "Please indicate whether or not the adjective listed
describes how you feel today, today beginning with the time you woke up this morning." Anxiety-plus words
are scored 1 if checked, and anxiety-minus words are scored 1 if not checked. A unidimensional 2PL
model is fitted to the entire 21-item set, and the diagnostic statistics are examined.

The data have already been imported into IRTPRO and saved as the file AACL_21Items.ssig in the
C:\IRTPRO Examples\by DataSet\AACL folder installed with the software (see Chapter 3 for an
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example of importing data from other sources into IRTPRO). When the file AACL_21ltems.ssig is
opened, the data are displayed as a spreadsheet:

. IRTPRO - [AAC =
|® | File Edit Data Manipulate Graphics Analysis View Window Help
Ded tBR|E 7|
Desperate | Fearful | Frightened | Mervous | Panicky I Shaky Tense | Tenified I -
N : 1 2 2 1 2 2 1 2 HE
2 |z 2 2 2 2 2 2 2 2 2
3 2 2 2 2 2 2 2 2 2 2
4 |z 2 2 2 2 2 2 2 2 2
5 2 2 2 2 2 2 2 2 2 2
[ 2 1 1 2 1 1 2 1 2 2
7|z 2 2 2 1 2 1 2 2 1
g 1 2 1 1 1 1 2 1 2 2
9 2 2 2 2 2 2 1 2 2 2
0 |2 2 2 2 2 2 2 2 2 2
11 2 2 2 2 2 2 2 2 2 2
12 |z 2 2 2 2 2 2 2 2 1
13 |2 2 2 2 2 2 2 2 2 2
14 |2 2 2 2 2 2 2 2 2 2
I 1 1 1 1 1 1 1 1 1w
<] I 3
Ready NUM :
=

To initiate the unidimensional IRT analysis, select Unidimensional IRT ... under the Analysis menu.
The Unidimensional window opens with a Testl tab. Right-click on this tab and renames it to
UniD_Allitems. Start by clicking on the Description tab in the Unidimensional Analysis window.
Enter a title and description.

i b

Data File: IC:HRTPRD Examples\By Dataset\AACLVAACL3_21Items.ssig J Read file |

UniDallkems | |

Description IGroup || ftems ||Modals||5coring ||Simulatior1|

Title:
[BACL datase]

Comments:

Uni-Dimensional 2PL all tems - first eleven items recoded

Options... 0K I Cancel Run
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The Group tab may be skipped because there is only one group in this analysis. The Items tab is
used to select all the items in this case.

Unidimensicnal Analysis —: w @
Data File: | C:\IRTPRO Examples\By Dataset\AACLVAACL3_21ltems. ssig
UniDalltems l ]
| Deseription [“ Group | fems l Models ”| Scoring [“ Simulation [| '
Single Group Analysis I
Grouping value: [ Group Variable | |
|
List of variables: ltems: b4
Afraid - Afraid P
Desperate Desperate
Fearful | Fearful = +
Frightened = Frightened
MNervous Mervous
Panicky Panicky
Shakoy Shaky
Tense Tense
Temified Tentfied -
Upset |‘|_ = Tl b
Womying 57
Fi 0 3
Options... oK | Cancel | Run ‘ |
)

There are several ways to select all of the items: (1) click on any item, and then press <Ctrl>A to
select all, and then either (a) drag the set from the List of variables box to the Items box, or (2)
double-click each item in turn, or (3) select each item and press the Add >> button.

Because the 2PL model is the default for dichotomous items, the entry of information for the analysis
would have been complete if the items were properly scored. However, in this case we would like
to recode the item scores of the first 11 items (the Anxiety-plus adjectives) from (0,1) to (1,0) so that
Anxiety-plus words are also scored 1 if checked and scored 0 if not checked. In the data file, 1 is equal
to checked and 2 is not checked.

To recode the item scores, use the Shift key to select the first eleven cells in the Item Scores column
then right-click to display the Recode Item Scores ... option. Selecting the Recode Item Scores...
option invokes the Item's Codes and Scores dialog and allows one to change values in the Item
Scores text boxes.
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Item's Codes and Scolu

Item: Afraid

Data Codes Item Scores | OK I
11
i Cancel
. .
] [T} »

Click OK when the changes have been made. The resulting Models window is shown below.

r - b

Data File: IC:‘I,IRTPF‘.D Examples\By Dataset\AACL\AACLS_2 1Ttems, ssig J Read File |
UniDallitems | |
| Description I|Group || ftems | Models 'Scoring I|Simu|atior1|
Grouping value: IND Group Variable ;I
ltem List | Categories DélaCndEs|IScan=s Model ;I
Mervous 2 1.2 2PL
Fanicloy 2 1.2 1.0 2PL
Shaky 2 1.2 1.0 2PL
Tense 2 1.2 1.0 2PL
Temfied 2 1.2 1.0 2PL
Upset 2 1.2 1.0 2PL
Warmying 2 1.2 1.0 2PL
Calm 2 1.2 0.1 2PL -
Constrairts... | DIF... | Lpply to all groups
Options... ’TI Cancel Run

Clicking the Run button in the lower left of the Unidimensional Analysis dialog produces the
results (after a wait of only a few seconds in this case, for this small problem; other problems may
require more time). The results are displayed in web-page format. A portion of the output containing
the table of contents and the estimated parameters is shown below.
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The table of contents lists (blue) hyperlinks that can be used to navigate the output. To return to the
table of contents from any part of the output file, click on the (Back to TOC) hyperlink that appears
at the right of the heading for most output tables.

ERTPRO - [AACL3_21Items.UniDallltems-irt.htm] - _
= =

[®] File Edit View Analysis Window Help
ODeEE| =

IRTPRO Version 2.0
Output generated by IRTPRO estimation engine Version 4.54 (32-bit)

m

Project AACL
Description: Uni-Dimensional 2PL all items H
Date: 18 July 2011 I
Time: 1219 PM ([
Table of Contents
2PL Model ltem Parameter Estimates for Group 1, logit: a8 + c or a(68— &)

Factor Loadings for Group 1 Il
Summed-Score Based tem Diagnastic Tables and X3s for Group 1 H
Group Parameter Estimates L

{

Marginal fit (=) and Standardized LD %= Statistics for Group 1 N
Item Information Function Values for Group 1 at 15 Values of 8 from-2.8t0 2.8 ‘
Likelihood-based Values and Goodness of Fit Statistics 1
Summary of the Data and Control Parameters i
2PL Model ltem Parameter Estimates for Group 1, logit: a6 + cor a(6 — b) (Back to TOC)

Item Label a Se. C se & s.e.
1 Afraid 2 347 065 1 -398 0.73 1.25 012 |
2 Desperate 4 3.81 076 3 -443 0.80 1.16 0.14 3 !
4 n 13 l
|
NUM ||

The table of parameter estimates is shown on the next page. Note that the table caption indicates that
the logit is ad+c or a(@—b); that means that the 2PL model trace line is expressed as

1 1
T 1+exp[—(af+c)] 1+exp[-a(@—b)]

in which the first form is called "slope-intercept™ with parameters a (the slope, or discrimination)
and c (the intercept). That is the form in which the model parameters are estimated. The values of
the derived parameter b (the threshold) are also printed in the table.

Also, note especially that there is no "1.7" or "D" anywhere in the model. IRTPRO parameter
estimates for all models are always in the "logistic metric” (in BILOG terminology). To be rendered
comparable to normal ogive discrimination parameters, the IRTPRO estimates of the a parameters
could be divided by 1.7.

104



2PL Model Item Parameter Estimates for Group 1, logit: a@ + cor a(@ —b) (Back to TOC)

Item Label a s.e. C s.e. b s.e.
1 Afraid 2 3.17 0.63 1 -3.98 0.69 1.25 0.14
Desperate 4 3.81 0.76 3 -4.43 0.78 1.16 0.13
3 Fearful 6 5.80 1.46 5 -6.40 1.59 1.10 0.12
4 Frightened 8 9.36 3.15 7 -11.35 4.14 1.21 0.11
5 Nervous 10 2.31 0.36 9 -1.41 0.28 0.61 0.11
6 Panicky 12 2.73 0.48 11 -2.83 0.44 1.03 0.13
7 Shaky 14 2.62 0.48 13 -3.20 0.48 1.22 0.15
8 Tense 16 2.06 0.31 15 -0.62 0.22 0.30 0.11
9 Terrified 18 4.28 1.38 17 -8.07 2.14 1.88 0.21
10 Upset 20 2.01 0.35 19 -2.29 0.32 1.14 0.15
11 Worrying 22 2.08 0.32 21 0.05 0.21 -0.02 0.10
12 Calm 24 1.78 0.28 23 -1.32 0.23 0.74 0.13
13 Cheerful 26 1.05 0.19 25 -0.75 0.16 0.71 0.17
14 Contended 28 1.84 0.28 27 -0.97 0.22 0.53 0.12
15 Happy 30 1.70 0.27 29 -1.19 0.22 0.70 0.13
16 Joyful 32 1.20 0.20 31 0.65 0.17 -0.54 0.15
17 Loving 34 0.69 0.16 33 -0.52 0.14 0.75 0.24
18 Pleasant 36 1.67 0.31 35 -2.27 0.29 1.36 0.19
19 Secure 38 1.99 0.30 37 -1.03 0.23 0.52 0.11
20 Steady 40 2.16 0.35 39 -1.77 0.29 0.82 0.13
21 Thoughtful 42 1.02 0.22 41 -1.67 0.20 1.63 0.30

When feasible, IRTPRO computes the value of an updated version of the M statistic proposed by
Maydeu-Olivares & Joe (2005, 2006). That statistic is based on the one- and two-way marginal
tables of the complete cross-classification of the respondents based on their response patterns. In
this case, the value of that statistic indicates that the unidimensional model does not fit these data
very well:

Statistics based on one- and two-way marginal tables

Degrees .
Mz Probability RMSEA
of freedom
1208.12 189 0.0001 0.14
Note: Mz is based on full marginal tables.

Note: Model-based weight matrix is used.

IRTPRO also computes (approximately) standardized LD y* statistics based on the local dependence

statistic proposed by Chen & Thissen (1997). These begin as (approximately) y* -distributed

statistics comparing the observed and expected frequencies in the two-way marginal tables for each
item pair. To make the values roughly comparable among items that may have different numbers of
response categories, (approximately) z-scores are computed by subtracting the degrees of freedom
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file:///C:/IRTPRO%202%20Examples/By%20Dataset/Anxiety14/Anxiety14.Nominal-irt.htm%23home

from those (approximately) y*-distributed statistics, and dividing by the square root of twice the

degrees of freedom.

In this example, those statistics yield a clear suggestion of multidimensionality: In the table below,
note the cluster of values that are printed in red for items 12-20 (the anxiety-minus words). The
values are printed in red if the observed covariation between responses to a pair of items exceeds
that predicted by the model, and in blue if the observed covariation is less than fitted. Thus, a cluster
of red values indicates a cluster of items that may measure an un-modeled dimension. Because these
are approximately standardized statistics, values that exceed 10.0 are also exceptionally large and

unexpected.

Marginal fit (X2) and Standardized LD X2 Statistics for Group 1 (Back to TOC)

Marginal
Item X? 1 2 3 4 5 6 7 8 9 10
1 0.0
2 0.0 11
3 0.0 06 09
4 0.3 -04 3.0 0.6
5 0.2 23 -01 -03 02
6 0.0 -05 -06 26 53 10
7 0.0 05 26 13 -02 -04 10
8 0.2 -05 04 -05 00 6.0 18 -05
9 0.8 o0 01 - 01 - 07 10 ---
10 0.0 -01 -01 02 02 -02 -07 -02 -06 0.2
11 0.1 -0.2 18 -05 05 21 41 -04 110 - 22
12 0.1 23 -05 13 06 -03 -01 -04 00 04 -01
13 0.0 63 -03 64 44 44 03 16 13 13 11
14 0.1 48 09 54 68 40 26 25 05 74 28
15 0.1 52 20 69 41 52 39 36 39 18 14
16 0.0 09 07 16 19 27 16 10 37 - -03
17 0.0 91 19 64 65 54 07 07 41 14 05
18 0.0 110 -06 39 51 43 -03 01 08 05 23
19 0.1 45 29 24 26 32 25 05 17 -- 09
20 0.1 14 11 17 12 57 12 -01 11 0.7 20
21 0.0 3. 15 05 04 34 10 -00 39 03 24
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Marginal

Item X2 11 12 13 14 15 16 17 18 19 20
11 0.1

12 0.1 -0.5

13 0.0 26 -0.6

14 0.1 00 53 28

15 0.1 20 -06 303 114

16 0.0 56 -06 199 83 16.7

17 0.0 50 -06 146 20 104 27.0

18 0.0 20 -03 123 05 1.0 3.9 7.5

19 0.1 01 05 06 36 -00 -02 18 0.8

20 0.1 00 04 05 00 06 -05 -06 06 99
21 0.0 24 03 43 -05 1.2 1.4 121 41 15 2.2
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6.

Multiple groups analysis and DIF

6.1 Detection of differential item functioning

The trace line model has many uses, but Lord (1977, 1980) observed that the trace line is ideally
suited to defining differential item functioning (DIF), or lack thereof.

The value of the trace line at each level of @ is the conditional probability of a correct response
given that level of ability of proficiency. If we are considering the possibility that an item may
function differently (exhibit DIF) for some focal group relative to some reference group, then in the
context of IRT we are considering whether the trace lines differ for the two groups. If the trace lines
are the same, there is no DIF. If the trace lines differ, there is DIF. Because the trace line for an item
is determined by the item parameters, Lord (1977, 1980) noted that the question of DIF detection
could be approached by comparing estimates of the item parameters between groups.

We illustrate DIF with data obtained from 659 undergraduates at the University of Kansas. The data
obtained are based on a conventional orally administered spelling test. The reference group for this
analysis includes the male students (N = 285) and the focal group is made up of the female students
(N = 374). The original test comprised 100 words, but only 4 have been selected for use here. The
four words to be spelled are Infidelity, Panoramic, Succumb, and Girder. These four items were selected
because preliminary analysis suggested that they have very nearly equal discrimination parameters;
this is convenient for purposes of illustration. The data were free response, so there is no guessing
to be considered. The words Infidelity, Panoramic and Succumb were selected to comprise an “anchor"
(a set of items believed to involve no DIF) with information over a range of the &—continuum. The
word Girder is the studied item; it was selected because it shows substantial differential difficulty for
the two groups in these data. Thissen, Steinberg, and Wainer (1993) describe several DIF analyses
of these data.

To see the data, use the Open file dialog under the File menu of IRTPRO, navigate to the
C:\IRTPRO Examples\By Dataset\Spelling folder, select Files of type: IRTPRO Data File
(*.ssig) in the Open File dialog, and open the file Spelling.ssig. The first 15 cases of the data are
shown below.

To initiate the unidimensional IRT analysis, select Unidimensional IRT ... under the Analysis menu.
We start by adding two additional tests in order to fit a total of three models to the same data. By
right-clicking on the right side of the Test1 tab, a pop-up menu is obtained that enable the user to
enter a new test, delete a test or rename an existing test, the default test names being Test1, Test2, ...
Once the Test2 tab is displayed, the procedure is repeated to obtain Testl, Test2, and Test3.
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[# File Edit Data Manipulate Graphics Analysis View
Window Help
IR

Infidelity Fanoramic | Succumb | Girder

-

—
Unidimensicnal Analysis X
Data File: I C:\IRTPRO Examples\By Dataset\speling\speling.ssi J Read file |
Test1 |
Insert Test...
Desd Delete Test Scoring || Simulation l
Tl Rename
Manage Test...
Comments:
Options. .. | QK I Cancel Run

Right-click on each of the test tabs to invoke the Insert Test..., Delete Test, etc. drop-down menu.
Click the Rename button and replace Test1l with Sweep, Test2 with Anchored, and Test3 with 1PL,
the latter being more descriptive of the type of models to be fitted to the item response data.
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Unidimensicnal Analysis

Data File: I C:\IRTPRO Examples\By Dataset\Speling\Spelling. ssig J Read file |

| Test || Test2 | Test3 |

Description IGmLJD || tems || Models || Scoring || Simulation |

Title:
|

Options... |

Start by clicking the Sweep tab to create the first test. Click the Description tab (the default tab for
a new analysis) to add a title and comments.

Unidimensicnal Analysis

Data File: IC:HRTPRO Examples'\By Dataset\Speling'Speling.ssig J Read file |

Sweep | Anchored || 1PL |

Description 'GrouD || tems || Models || Scoring || Simulation |

Title:
Spelling DIF

Comments:

option 1, "sweep” Test alll items for DIF given group differences
computed with item parameters set equal across groups.

Options... |
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Next, click the Groups tab and select Gender as the grouping variable. The default reference group
is the first group as shown below.

r |

Data File: IC:‘l,IRTPRO Examples'By Dataset\Speling\speling. ssig J Read file | |

Sweep | Anchored || TPL |

| Deseription | Group l ltems ||ModelsI|Scoring||5imulation|

List of variables: Group:

Infidelity Gender
Panoramic

Succumb
Girder Add >> |

Gender

[Ref] Name | Gender
Gl 1
[1G2 2

Options... |

Use the Items tab in the Sweep tab in the Unidimensional Analysis dialog to select the four items
to be analyzed and click on the Apply to all groups button to select those items for both groups.
Proceeding to the Models tab, it is seen that all four items have two categories and that the 2PL

model is displayed as the default for each item.
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& —~—
Unidimensicnal Analysis

Sweep | Anchored || 1PL |

Gender

Grouping value: G111 -

Data File: I C:\IRTPRO Examples\By Dataset\Spelling\Speling. ssig

| Description ||Group || ftems | Models 'Scoring ||Simulation|

J Read file |

liem List | Categories | Data Codes | ltem Scores|  Model |
Wg

Panoramic 2
Succumb 2
Girder 2

Constrints... | DIF... |

0.1 0.1
0.1 0.1
0.1 0.1
0.1 0.1

2PL
2PL
2PL
2PL

Apply to all groups |

Options... |

o]

In the Models window (see above), click the DIF... button. This brings up the DIF dialog shown

next.

-
-

¢ Test all items, anchor all items.

Lisk of variables;

Infidelity
Panaramic
Succumb
Girder
Gender

Group conkrasts, .. |

" Test candidate items, randomized groups:

" Test candidate items, estimate group difference with anchor items:

&dd == |

Candidate items:

Anchor items:

In this analysis we accept the default Test all items, anchor all items, so we click the OK button to
return to the Models window and click the Run button to initiate the analysis. Portions of the output
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are as follows.

2PL Model Iltem Parameter Estimates for Group 1, logit: a8 + c or a(8—b) (Back to TOC)

Item Label a s.e. C s.e. b s.e.
1 Infidelity 2 0.88 0.26 ! 1.30 0.18 -1.48 0.37
2 Panoramic & 1.48 0.35 € 0.78 0.19 -0.52 0.14
3 Succumb 6 186 0.54 5 119 0.27 0.64 0.13
4 Girder g 1.44 0.36 u 0.72 0.19 -0.50 0.14

2PL Model Item Parameter Estimates for Group 2, logit: a8+ c or a(8—b) (Back to TOC)

Iltem Label a s.e. C se. b s.e.
1 Infidelity 10162 043 ° 229 034 -141 0.22
2 Panoramic ** 151 037 ' 094 0.19 -062 0.11
3 Succumb ¥ 114 029 ¥ -078 0.13 069 0.21
4 Girder % 164 043 ¥ 014 0.16 -0.09 0.09
DIF Statistics for Graded Items (Back to TOC)
Item numbers in:
Group1l Group?2 TotalX® df. p X% df. p X%a df. p
1 1 7.5 2 0.0235 22 1 0.1348 53 1 0.0219
2 2 0.5 2 0.7765 00 1 09516 05 1 0.4787
3 3 2.1 2 03544 14 1 02393 07 1 0.4069
4 4 8.2 2 0.0167 0.1 1 0.7164 81 1 0.0045

To return to the Unidimensional Analysis environment, close the output window and select the
Unidimensional Analysis option from the Analysis option on the main menu bar. To proceed to
setting up the second test, click the Anchored tab and select Description to provide a title and

comments.
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Unidimensional Analysis

Data File: I C:MRTPRO Examples\By Dataset\Spelling\Speling.ssig J Reead File |

| Sweep | Anchored | 1PL |

Description 'Group |/ kems || Models || Scering || Simulation |

Title:
Spelling DHF

Comments:
Anchor tems Infidelty, Panoramic, and Succumb; candidate Girder; 2PL

Options... |

From the Group tab, Gender is again selected as the grouping variable and, using the Items tab, all
four items are selected. Proceeding to the Models tab, it is seen that each item is associated with the
2PL model.

Unidimensicnal Analysis

Data File: I C:\IRTPRO Examples\By Dataset\Speling\Spelling. ssig

|Sweep |{ Anchored | 1PL |

| Description ||Group || ftems | Models IScoring ||Simulatior||

Gender

Grouping value: I[G1] 1

ltem List | Categories Data Codes | ltem Scores Model |
2 0.1 0.1 2PL
Panoramic 0.1 0.1 2PL

2
Succumb 2 0.1 0.1 2PL
Girder 2 0.1 0.1 2PL

Constraints. .. | DIF... ﬁpph'toal_lgroupsl

Options... 0K I
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[

DIF Analysis

T Sy —

=

-._:_.-Iest all items, anchor all items.
Test candidate items, randomized groups:

(@) Test candidate items, estimate group difference with anchor items:

List of variables:
Infidelity
Panoramic
Succumb
Girder

Gender

Group contrasts

Add >

Add ==

Candidate

Girder

Anchor

Infidelity
Panoramic
Succumb

ok |

Cancel l

Next, we click the DIF button to display the DIF Analysis window. Once this window is displayed,
the Test candidate items, estimate group difference with anchor items: option is selected. Next,

Girder is selected as candidate item and the remaining three items as anchor items.

Click the OK button to return to the Models window and click the Run button to initiate the analysis.
Portions of the output are as follows.

2PL Model Item Parameter Estimates for Group 1, logit: a8+ c or a(8—b) (Back to TOC)

ltem Label a s.e. se. b s.e.
1 Infidelity 2 118 0.24 159 0.16 -1.34 0.24
2 Panoramic * 1.47 0.28 0.67 0.16 -0.46 0.11
3 Succumb 6 151 0.30 -1.09 0.17 0.72 0.13
4 Girder 8 147 0.37 0.73 019 -050 0.13

2PL Model Item Parameter Estimates for Group 2, logit: a8+ c or a(8—b) (Back to TOC)

ltem Label a s.e. se. b s.e.
1 Infidelity 2 118 0.24 159 0.16 -1.34 0.24
2 Panoramic * 1.47 0.28 0.67 0.16 -0.46 0.11
3 Succumb 6 151 0.30 -1.09 0.17 0.72 0.13
4 Girder 10177 054 -0.21 0.22 0.12 0.12
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DIF Statistics for Graded ltems (Back to TOC)

Item numbers in:
Groupl Group2 TotalX® df p X% df. p X% df. p
4 4 11.2 2 0.0036 0.2 1 0.6413 110 1 0.0009

While the output is displayed, the Graphs option is available under the Analysis item on the main
menu bar.

IRTPRO - [Spelling.Anchored-irf] " b — [E=REEE 5

5] File Edit View [Analysis| Window Help [-]&]x]

j DEeE| % 3?1’ Graphs
_
" Spelling.Anchored-irt e S
File Edit View Graphs ChartType Tools Help
EENEIR S
@ Trace lines Ml Graph |E Tab|e|
(- [ei] Information
G- (] Combined -
l G- (wi] Total Information Curve Infidelity Panaramic
[~ (2] Test Characteristic Curve 10 1 10 1
0
ng g
£ £
= 0B = 0B
& 2
£ 04 £ s
nz 0.z
na 0a
32 4 0 1 2 3 32 02 a4 0 1 2 3
Theta Theta
Succurb Girder
1.6 1 1.8 -ﬁ--..‘ . 1
08 08 N
£ E W
T 0B = 0F vt
a 2 4
£ o4 £ oo 1
AR
0z 0.2 REERANR
0.0 0.0F=3
i 2 1 0 1 2 3 22 a1 0 1 2 3
Theta Theta
LI
Ready NUM

To return to the Unidimensional Analysis environment, close the graphics window (if it is open)
and the output window, and select this option from the Analysis option on the main menu bar. To
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proceed to setting up the third test, click the 1PL tab.

Use the Description tab to provide a title and comments. From the Group tab, Gender is again
selected as the grouping variable and using the Items tab all four items are selected.

Next proceed to the Models tab and click the DIF button to display the DIF Analysis window. Once
this window is displayed, just as in the anchored example, the Test candidate items, estimate group
difference with anchor items: option is selected. Next Girder is selected as candidate item and the
remaining three items as anchor items. Click OK to return to the Models tab.

To use the 1PL model for the analysis, emulating Thissen, Steinberg, and Wainer (1993), we next
click the Constraints button in the Models tab to bring up the Constraints dialog, and set all the
slope (a) parameters for both groups equal:

# | Item Parameter Constraints ‘ ‘ ﬁ

Group: Gender

Group, Item
G1, Infidelity @RI ¢ 2
G1, Panoramic _ & 4
G1, Succumb _ [ ]
G1, Girder [@EN c 8
G2, Infidelity @RI ¢ 2
Gz Dannrammis _ ~ A
G2, Set Parameters Equal
G2 Fix Value...
G1 Set Parameters Free
Gy
G2, Means pl 17
G2, Cov oll 18

Set parameters equal across groups

oK l [ Cancel

Note that it is important that such constraints are added after the DIF dialog, so that the constraints
are in addition to a set of constraints automatically imposed by the anchored- DIF selection:
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® | Item Parameter Constraints

Group: Gender

Group, Item

G1, Infidelity
G1, Panoramic |a
G1, Succumb a 13
G1, Girder a 13
G2, Infidelity |a 13
a
a
a

13

G2, Panoramic 13
G2, Succumb 13
G2, Girder 13
G1, Means pl 00
61, Cov
G2, Means pl 17
G2, Cov all 18

C
C
C
C
C
C
C

Set parameters equal across groups

(=B I oS == = T S N |

=3

oK l | Cancel

Once done, click the OK button to return to the Models window and click the Run button to initiate

the analysis. Portions of the output are as follows.

2PL Model Item Parameter Estimates for Group 1, logit: a8+ c or a(@—b) (Back to TOC)

Iltem Label a s.e. C se. b s.e.
1 Infidelity 6 141 015 ' 170 0.16 -1.20 0.14
2 Panoramic ©® 141 015 2 066 0.15 -0.47 0.10
3 Succumb ¢ 141 0.5 °* -1.08 0.14 0.76 0.13
4 Girder 6 141 015 4 072 017 -0.51 0.12

2PL Model Item Parameter Estimates for Group 2, logit: a8+ c or a(@—b) (Back to TOC)

Item Label a s.e. C se. b s.e.
1 Infidelity 6 141 015 ' 1.70 0.16 -1.20 0.14
2 Panoramic ® 141 015 2 0.66 0.15 -047 0.10
3 Succumb 6 141 015 % -1.08 0.14 0.76 0.13
4 Girder 6 141 015 5 -0.21 0.18 0.15 0.13
DIF Statistics for Graded Items (Back to TOC)
Item numbers in:
Groupl Group2 TotalX? df. p X% df. p X%a df. p
4 4 14.4 2 0.0007 0.0 1 1.0000 144 1 0.0001
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These DIF statistics are slightly deceptive; they list a two degrees of freedom total y*, and a y* test

between the a parameters even though the a parameters are constrained equal (so the latter test
must be 0.0), and there is only one degree of freedom for the test of the b parameter, which is the
same as the overall test in this case. The software is not smart enough to count arbitrary constraints
when doing DIF tests, and the user must correct these things.

6.2 Analysis of the 2000 Program for International Student Assessment
(PISA) data

The Program for International Student Assessment (PISA) is a worldwide evaluation of 15-year-old
school pupils' scholastic performance, performed first in 2000 and repeated every three years. It is
coordinated by the Organization for Economic Co-operation and Development (OECD), with a view
to improving educational policies and outcomes.

In this section, three analyses based on the 2000 PISA (see Adams & Wu, 2002) data are
discussed: traditional statistics, unidimensional IRT and unidimensional Rasch. Note that our
"Rasch™ model is Thissen's (1982) Rasch model, which differs from the traditional Rasch model
where all slopes are assumed equal to 1.0. For the unidimensional analysis, 2PL (items with two
categories) and GPCredit (items with more than two categories) models were fitted. Furthermore, the
item parameters across groups were set equal and the mean and variance of the UK group relative
to the US reference group were freely estimated. In the Rasch analysis, we imposed additional
equality constraints across items (all items have the same slope). This turns the General Partial Credit
(GPC) model into the Partial Credit (PC) model. Fit indices and log-likelihood all point to the less
constrained IRT model as a better fitting model when compared to the Rasch model.

The dataset contains responses by a subset of students to 14 items from math booklet 1. The grouping
variable is Country, defined as follows: group 1 is the United States (US), and group 2 is the United
Kingdom (UK). There are 358 students in the US group and 889 in the UK group.

A fourth analysis, testlet response theory (TRT), based on this dataset is given in Section 7.2. For the
TRT analysis, a multidimensional model for more than one group is fitted. The mean/variance of the
primary math dimension is freely estimated in the UK group and the additional dimensions are there
to account for local dependence among items in the same testlet.

The dataset PISAMathBook1USUK .ssig is located in the folder IRTPRO Examples\By Data
Set\PISA MathBook1\ and when opened is displayed as a spreadsheet. Below we show the first 15
cases for items Walking3 to Grow2 and the grouping variable Country.
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[#7 File Edit Data Manipulate Graphics Analysis View Window Help mmm
Dwd s2R|5
‘walkingd | Apples] I Apples2 I Apples3 I Continent | Growl | Grow3 I Grow2 I Country =
1 o 0 n n n n 0 1 1 @
2 o 1 1 ] 0 1 0 1 1
2 o 0 0 0 0 0 0 1 1
4 |z 1 1 1 0 1 1 |2 1
5 |1 0 0 0 1 [1 1 0 1
& |o 1 n n n n 1 1 1
e 1 1 1 0 [1 1 1 1
g o 0 0 0 0 0 0 0 1
3 |o 0 ] ] 0 0 0 ] 1
10 o 1 0 0 0 0 0 1 1
1o 0 ] ] 1 1 0 1 1
12 [0 0 0 0 0 0 0 2 1
13 [0 1 n n n n 0 2 1
14 [0 0 0 0 0 0 1 1 1
15 [0 0 0 0 0 0 0 0 1 -
P I | 3
Ready NUM

Missing values in the data are coded as 9. To define the missing code, select the Missing Value
Code... from the Data drop-down menu.

7 et - iAo DU A

[ File Edit [Data| Manipulate Graphics Analysis View Window Helg
_J D ™| Insert Variables...
Delete Variables... [ Famsa | wakingt

Insert Cases...
Delete Cases...

Variable Properties...
Missing Value Code...

Recalculate Item Counts
i i i

A S I

]
]
]
1

1

0
0
]

Enter the missing value and click OK when done. Save the .ssig file to make this change permanent.

wssngvae

6.2.1 Traditional Statistics

To view the statistics for these data, select Traditional Summed-Score Statistics ... from the
Analysis menu.
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IRTPRO - [PISAMathBookl1USU

[0 File Edit Data Manipulate Graphics [Analysis| View Window Help
DeH +tB2R2| &7 | Traditional Summed-Score Statistics...
CubeT Cube3 |  Cubed | Unidimensional IRT...

! 0 o o Multidimensional IRT..

2 |1 1 1 0 )

T I I o o IRT Scoring...

4 :1 :U :1 Advanced Options...

5 | L L 11 ¢ Show Progress Box

Right-click on the Testl tab and rename Testl to Traditional. The Traditional Summed-Score

Statistics dialog appears. Enter the title and comments in the Description tab as shown below.

r |
e —

Data File:  C:\IRTPRO Examples\By Dataset\PISA MathBookl\PISAMathBookl USUK.ssig J| Read file |

Traditional |

Description lGroup || Ttems || Categoriesl

Title:

Classical summed score statistics

Comments:

Grouping variable is country - United States and United Kingdom

[ o« || cancel |[ wun

Proceed to the Group tab and select Country from the list of variables. The reference group (by

default) is the United States (Country = 1).
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Data File:  C:\IRTPRO Examples\By Dataset\PISA MathBookl\PISAMathBooklUSUK.ssig J Read file

Traditional |

| Deseription| Group lﬁems ||Categories|

List of variables:

Cubel
Cube3
Cube4
Farmsl
Farms4
walking1
Walking3
Apples1
Apples2
Apples3
Continent
Growl

<

S

111

Group: b4

Country

¥ G1

[Ref]l Name Country

1

G2

2

[ o« || cancel |[ run

Next we proceed to the Items tab and select all 14 items for the first group.

Data File:  C:\IRTPRO Examples\By Dataset\FISA MathBook1\PISAMathBook1USUK.ssig

Traditional |

| Description || Group | Ttems l Categories |

Country

Read file

Grouping value: l[Gl] 1

List of variables:

Walkingl
Walking3
Apples1
Apples2
Apples3
Continent
Growl
Grow3
Grow2

L]

Items:

Cubel
Cube3
Cube4
Farms1
Farms4
Walkingl
Walking3
Apples1

L] I 3

[ Apply to all groups
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Since the responses from the second group (UK) are based on the same 14 items, click the Apply to
all groups button to automatically select these items. Select the Yes option from the Apply to All

Groups pop-up message box.

Apply to All Groups
—

=)

Previous settings will be lost.
Do you want to continue?

IRTPRO computes the number of categories and associated values for each item. By clicking the
Categories tab, these values are displayed as shown next for the first group. To see the
corresponding values for the second group, this group may be selected from the Grouping value:

drop down list.

Traditional Summed-Score Statistics

-

Traditional l

Country

| Description "| Group "| Ttems | Categories

Data File:  C:\IRTPRO Examples\By Dataset\FISA MathBook1\PISAMathBook1USUK.ssig

Read file

Grouping value: G171

Cube3
Cube4
Farmsl
Farms4
Walking1
Walking3
Apples1
Apples2
Apples3

[ N e R SRR )

| Read parameter values...

0D DD o0D o0 o

1

e e

o,

apeeesee e

1

HR R R R R R R

Itemn List CategoriesData Codesfitem Score:

Apply to all groups

m

=

oK H Cancel H Run

& — = = =

When the Run button is clicked, the output appears, excerpts of which are listed below.
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Project: Classical summed score statistics

Grouping variable is country - United States and

Description: United Kingdom
Date: 19 May 2011
Time: 12:33 PM

Table of Contents

Item and (Weighted) Summed-Score Statistics for Group 1
Item and (Weighted) Summed-Score Statistics for Group 2
Summary of the Data and Control Parameters

Coefficient Alpha, calculated using listwise deletion is 0.8317 for the US group:

Iltem and (Weighted) Summed-Score Statistics for Group 1 (Back to TOC)
Coefficient alpha: 0.8317
Complete data N: 357

The table below is a summary of the coefficient Alpha if each item in turn is deleted. For example,
if item 7 is deleted, the reliability coefficient based on the remaining 13 items equals 0.8151.

The following Statistics are Computed only for the Listwise-Complete Data:

With Item Deleted

Response Item-Total Coefficient

Item Average Std. Dev. Correlation a

1 0.557 0.497 0.4262 0.8234
2 0.754 0.432 0.3913 0.8255
3 0.333 0.472 0.4115 0.8243
4 0.462 0.499 0.5342 0.8166
5 0.594 0.492 0.4546 0.8217
6 0.238 0.427 0.5609 0.8165
7 0.524 0.713 0.5510 0.8151
8 0.499 0.501 0.4629 0.8211
9 0.227 0.419 0.5859 0.8153
10 0.232 0.589 0.5044 0.8181
11 0.345 0.582 0.4890 0.8193
12 0.443 0.497 0.4930 0.8192
13 0.507 0.501 0.4216 0.8237
14 1.168 0.757 0.3577 0.8341
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The tables for Item 1 and Item 7 below give the frequency count for each category of an item as well
as the number of missing values for the item in question. Comparable results are produced for the

remaining 12 items but are not shown here.

ltem Cubel (Back)
1 Category: 0 1 Missing
Frequencies: 159 199 0

For listwise-complete data:

Frequencies: 158 199
Average (wtd) Score: 4.43 8.83

Std. Dev. (wtd) Score: 3.10 3.94

Results for item numbers 2 to 6 and 8 to 14 appear in the output but are not shown here.

Item Walking3

7 Category: 0 1 2 3
Frequencies: 207 125 16 10
For listwise-complete data:

Frequencies: 206 125 16 10
Average (wtd) Score: 4.74 9.01 12.25 15.90
Std. Dev. (wtd) Score: 3.05 3.43 282 1.52

The corresponding results for the UK group are given below.

Item and (Weighted) Summed-Score Statistics for Group 2 (Back to TOC)

Coefficient alpha: 0.8175
Complete data N: 887
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The following Statistics are Computed only for the Listwise-Complete Data:

With Item Deleted

Response Iltem-Total Coefficient

ltem Average Std. Dev. Correlation a

1 0.717 0.451 0.3210 0.8139
2 0.840 0.367 0.3981 0.8103
3 0.391 0.488 0.3858 0.8100
4 0.676 0.468 0.5266 0.8013
5 0.609 0.488 0.2446 0.8188
6 0.398 0.490 0.6016 0.7959
7 0.611 0.880 0.6007 0.7947
8 0.689 0.463 0.3988 0.8092
9 0.278 0.448 0.5831 0.7983
10 0.360 0.657 0.5692 0.7955
11  0.583 0.695 0.5731 0.7951
12 0.630 0.483 0.3485 0.8123
13  0.696 0.460 0.4328 0.8072
14 1.374 0.675 0.3202 0.8178

The distribution of values over categories for the second group (UK) is listed next. Results for item

numbers 2 to 6 and 8 to 14 appear in the output but are not shown here.

Item Cubel (Back)
1 Category: 0 1 Missing
Frequencies: 252 637 O

For listwise-complete data:

Frequencies: 251 636

Average (wtd) Score: 6.07 9.95

Std. Dev. (wtd) Score: 3.46 3.97
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Item Walking3 (Back)
7 Category: 0 2 3 Missing
Frequencies: 534 219 85 51 0

For listwise-complete data:

532 219 85 51
6.49 11.03 13.85 15.78
2.96 2.86 240 2.20

Frequencies:
Average (wtd) Score:
Std. Dev. (wtd) Score:

The final part of the output is a summary of sample sizes and number of items per group.

Summary of the Data and Control Parameters (Back to TOC)

Group: Group 1 Group 2
Sample Size 358 889
Number of Items 14 14

6.2.2 Unidimensional IRT

In this example, a mixture of 2PL and general partial credit models are fitted to the data. Since the
previous example dealt with traditional summed-score statistics, the following steps need to be
followed to fit unidimensional models to the data:

o Close the spreadsheet and then re-open PISAMathbook1USUK .ssig
o Select the Analysis, Unidimensional IRT ... option from the main menu bar

71 IRTPRO - [PISAMathBooklUSUK.ssig

[#7 File Edit Data Manipulate Graphics |Analysis| View Window Help
D& M| EXK

Cubel Cubed |  Cubed |

Traditional Summed-Score Statistics..

Unidimensional IRT... Ie
Multidimensional IRT...
IRT Scoring...

Advanced Options...

v Show Progress Box

RSP PR R O R
o = oo = o
= ==

o | o —

Click Yes to use the same command file.

127


file:///C:/IRTPRO%20Examples/By%20Dataset/PISA%20MathBook1/PISAMathBook1USUK.Traditional-sss.htm%23isss_1
file:///C:/IRTPRO%20Examples/By%20Dataset/PISA%20MathBook1/PISAMathBook1USUK.Traditional-sss.htm%23home

-
Use Saved Command File k ﬁ
- s

A command file
PISAMathBooklUSUK.irtpro
is found in the following folder
CAIRTPRO Examples\By Dataset\PISA MathBookl',

Do you want to use this file?
Press [No] to save command with a new name

This action produces the Unidimensional Analysis window. To proceed, right-click next to the
Traditional test tab (right-hand side) to insert a second test. The default tab is Test2. Rename to IRT
by right-clicking this tab and then selecting the Rename option.

Unidimensional Analysi:

Data File:  C:\IRTFRO Examples\By Dataset\FISA MathBookl\FISAMathBooklUSUK.ssig J

Traditional

Insert Test...
Description EekE !
Titie: Rename
I Classic Manage Test...

Once this is action is completed, a title and comments may be added in the Description window as
shown below.
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Data File: | C:\IRTPRO Examples\By Dataset\PISA MathBook1\PISAMathBook 1USLK. ssig J Read file |

Tradtional  IRT |

Description IGroup || tems || Models || Scoring || Simulation |

Title:
2-group IRT Analysis (GPC model for

Comments:
Medure of 2PL and General Partial Credit Models

Options... |

[~ ™

Data File: | C:\IRTPRO Examples\By Dataset\PISA MathBook 1\PISAMathBook 1USUK. ssig J Read file |

Tradtional  IRT |

| Desarption | Group ' ftems ||Modals||5mringl|5imulation|

List of varables: Group:

Cube Country
Cubel
Cubed
Fams1 fdd >> |
Fams4
Walking1
Walking3
Apples1
Apples?
Apples3 [Ref] Name | Country
Continent H
Grow G1 i1

row :
Grow? G2 2
Grow2
Courtry

Options... |

Proceed to the Group tab and select Country as the group variable. Using the Items tab, select all 14
items and click the Apply to all groups button. To demonstrate that these items were also selected
for the second group, we change the value of the group variable from the first group (US) to the
second group via the Grouping variable: drop-down list.
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Data File: | C:\IRTPRO Examples\By Dataset\PISA MathBook1\PISAMathBook 1USLK, ssig

Traditional  IRT |

| Description I|Group | ltems ' Models I| Scoring I| Simulation l

Grouping value:

List of varables:

Country

[G2] 2 -

Cube
Cube3
Cubed
Fame1
Fams4
Walking 1
Walking3
Apples1
Apples?
Apples3
Continent
4

Add 2 |

ltems:

J Read file |

Cubel
Cube3
Cubed
Fams1
Fams4
Walking1
Walking3
Apples1
Apples?

Aolo_nt

4

Apply to all groups

3

QOptions...

The default model for all items with 2 categories is 2PL and for those items with more than two
categories it is Graded. For this example, we replace all the graded models with general partial credit
models by selecting all the items in question. Next, right-click on any of the selected cells and choose
the GPCredit option.
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Data File: | C:\IRTPRO Examples\By Dataset\PISA MathBook 1\PISAMathBook 1USLK. ssig J Read file |

Tradtional  IRT |

| Description || Group || kems | Models | Scoring || Simuiation |

Country
Grouping valus: I[GZ]Z ;I
hem List | Calegories | Data Codes | ltem Scores| Model | -+
Apples 2 0.1 0.1 2PL
Apples2 2 01 01 2PL
Apples3 3 01,2 01,2
Cortinent 3 0.1.2 012 Grade:
] 2PL
Grow1 2 0.1 0.1 2L
Grow3 2 0.1 0.1
— Graded
Grow2 3 01,2 01,2
— GPCredit
MNeminal

Constrairts.. | DIF... |

Options. .. OF; I Cancel | Run |

Data File: | C:\IRTPRO Examples\By Dataset\PISA MathBook 1\PISAMathBook 1USUK. ssig J Read file |

Tradtional  IRT |

| Desaription || Group || tems | Models | Scoring || Simudation |

Country

Gouping vake: -

liem List | Categories | Data Codes | ltem Scores|  Model | i|
0.1 0.1 2pL

Apples2 0.1 0.1 2PL
Apples3 0.1.2 0.1.2 GP Credt
Continert 0.1.2 0.1.2 GP Credt
Grow1 0.1 0.1 2PL
Grow3 0.1 0.1 2PL
Grow2 01,2 GP Credit

Constraints... | DIF... | Poplytoal_lgroups‘

o]

This action produces a revised Models window. Click Apply to all groups.
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In this example, the item parameters across groups were set equal and the mean and variance of the
UK group relative to the US reference group were freely estimated. To set parameters equal across
groups, click the Constraints... button (see the Models window above.)

r 5
# | Item Parameter Constraints LX)
Group: Country
Group, Item -
Gl1, Cubel : ‘c 2
G1, Cube3 a 3 C 4
G1, Cubed4 | @ 5 ¢ 6
G1, Farmsl a 7 C 8
G1, Farms4 | a 9 ¢ 10 =
G1, walkingl | a 11 |c 12
G1, Walking3 | a 13 | c1 2 c3 ot
Trend ~ |1 14|42 15|13 16
G1, Applesl | a 17 | c 18
G1, Apples2 | a 19 c 20
G1, Apples3 | a 21 2 c3
Trend - |7l 22|42 23
G1, Continent a 24 'l c2 c3
Trend - |7l 25|42 26
G1, Growl a 27 ¢ 28
G1, Grow3 a 29 ¢ 30
G1, Grow2 a 31 a c2 c3 [
Trend - |11 32|42 33
G2, Cubel a 34 c 35 - [
|§et parameters equal across groups |

\ o [ corce | |

This action produces the Item Parameter Constraints window. By clicking the Set parameters
equal across groups button, IRTPRO sets corresponding parameters equal across groups. Note that
this action is only performed for items that are present in all groups and have the same number of
categories for each group. To get a clearer picture of the imposed contraints, double-click on the
Group, Item tab to change the sorting to Item, Group as shown below. The Item Parameter
Constraints window also shows that the mean and variance parameters of the second group (UK)
are estimated freely.
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# | Item Parameter Constraint

Group: Country

Item, Group |

Applesl, G1
Applesl, G2
Apples?, G1
Apples2, G2
Apples3, G1

Apples3, G2
Continent, G1
Continent, G2

Growl, G1
Growl, G2
Grow3, G1
Grow3, G2
Grow2, G1

Grow2, G2

G1, Means
G1, Cov
G2, Means
G2, Cov

nl
cll
pl
gll

1.0
T6
77

lget parameters equal across groups

Click OK to return to the Models window, then click the Run button to start the analysis. Portions of

the output file are given below.
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2PL Model Item Parameter Estimates for Group 1, logit: a@ + cor a(@ —b) (Back to TOC)

Item Label a s.e. c se b s.e.
1 Cubel 2 1.110.17 ' 0.47 0.12 -0.42 0.12
2 Cube3 4 1.57 0.22 % 1.48 0.17 -0.94 0.14
3 Cube4 ¢ 1.12 0.18 ° -1.04 0.13 0.93 0.20
4 Farmsl & 2.14 0.33 7 -0.02 0.22 0.01 0.10
5 Farms4 1°0.79 0.14 ° 0.19 0.10 -0.24 0.13
6 Walkingl *? 2.68 0.44 1! -2.18 0.30 0.81 0.18
8 Applesl * 1.46 0.22 7 0.21 0.15 -0.14 0.10
9 Apples2 202,79 0.50 *° -3.05 0.33 1.09 0.22
12 Growl 281.24 0.20 " -0.06 0.13 0.05 0.11
13 Grow3 30146 0.22 ?° 0.26 0.15 -0.18 0.10

GPC Model Item Parameter Estimates, logit: a[k(0 - b) + Zdk]

ltem  Label a s.e. b s.e. d: d: s.e. ds s.e. da s.e.
7 Walking3 ¥ 1.65 0.25 152 0.27 000 069 013 -0.30 0.09 -0.39 0.12
10 Apples3 21224 038 150 0.27 0.00 0.07 0.07 -0.07 0.07
11 Continent #* 1.64 0.32 132 025 000 055 0.08 -0.55 0.08
14 Grow2 31 0.69 0.10 -066 0.14 000 094 019 -094 0.19

Nominal Model Slopes and Scoring Function Contrasts for Group 1, logit: (a sk + ck); s =Ta (Back to

TOCQ)
ltem Label a s.e. Contrasts o s.e. (0% s.e. s s.e.
7 Walking3 3 1.65 0.25 Trend 1.00 ----- 0.00 ----- 0.00 -----
10 Apples3 2! 2.24 0.38 Trend 1.00 ----- 0.00 -----
11 Continent 2* 1.64 0.32  Trend 1.00 ----- 0.00 -----
14 Grow2 31 0.69 0.10 Trend 1.00 ----- 0.00 -----
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Nominal Model Scoring Function Values for Group 1, logit: (a sk + ck); s =Ta (Back to TOC)

ltem  Category s: S2 Ss Sa
7 Walking3 0.00 1.00 2.00 3.00
10 Apples3 0.00 1.00 2.00

11 Continent 0.00 1.00 2.00

14 Grow2 0.00 1.00 2.00

Nominal Model Intercept Contrasts for Group 1, logit: (a sk8 + ck); c =Ty (Back to TOC)

Item Label Contrasts y: s.e. y2 s.e. Vs s.e.
7 Walking3 Trend 14 .2.51 0.26 5 1.03 0.16 % 0.29 0.07
10 Apples3 Trend 22 .3.36 0.44 2 0.15 0.16
11 Continent Trend % 2,17 0.17 %6 0.89 0.12
14 Grow2  Trend 32 0.46 0.07 2 0.65 0.08

2PL Model Iltem Parameter Estimates for Group 2, logit: a@ + c or a(8 —b) (Back to TOC)

Item Label a s.e. C se. b s.e.
1 Cubel 2 1.11 0.17 ! 0.47 0.12 -0.42 0.12
2 Cube3d3 4 1570.223 1.48 0.17 -0.94 0.14
3 Cube4 ° 1.120.18° -1.04 0.13 0.93 0.20
4 Farmsl & 214 0.33 7 -0.02 0.22 0.01 0.10
5 Farms4 1°0.79 0.14 ° 0.19 0.10 -0.24 0.13
6
8
9

Walkingl 2 2.68 0.44 1! -2.18 0.30 0.81 0.18
Applesl ' 1.46 0.22 7 0.21 0.15 -0.14 0.10
Apples2 20 2,79 0.50 *° -3.05 0.33 1.09 0.22
12 Growl 281.24 0.20 %" -0.06 0.13 0.05 0.11
13 Grow3 % 1.46 0.22 ° 0.26 0.15 -0.18 0.10
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GPC Model Item Parameter Estimates, logit: a[k(0 - b) + Zdk]

ltem  Label a s.e. b s.e. (o} d2 s.e. ds s.e. ds s.e.
7 Walking3 ¥ 1.65 0.25 152 0.27 000 069 013 -030 0.09 -0.39 0.12
10 Apples3 21 224 038 150 0.27 0.00 0.07 0.07 -0.07 0.07
11 Continent * 1.64 0.32 132 025 0.00 055 008 -055 0.08
14 Grow?2 310.69 0.10 -0.66 0.14 0.00 094 0.19 -0.94 0.19

Nominal Model Slopes and Scoring Function Contrasts for Group 2, logit: (a sk + ck); s = Ta (Back to

TOQ)
ltem  Label a s.e. Contrasts o s.e. Q2 s.e. s s.e.
7 Walking3 ® 1.65 0.25 Trend 1.00 ----- 0.00 ----- 0.00 -----
10 Apples3 2! 2.24 0.38 Trend 1.00 ----- 0.00 -----
11 Continent 2* 1.64 0.32  Trend 1.00 ----- 0.00 -----
14 Grow2 31.0.69 0.10 Trend 1.00 ----- 0.00 -----

Nominal Model Scoring Function Values for Group 2, logit: (a sk + ck); s =Ta (Back to TOC)

Item

Category s: S2

Ss

Ss

7
10
11
14

Walking3 0.00 1.00
Apples3 0.00 1.00
Continent 0.00  1.00
Grow2 0.00 1.00

2.00
2.00
2.00
2.00

3.00

Nominal Model Intercept Contrasts for Group 2, logit: (a sk + ck); c =Ty (Back to TOC)

Item

Label Contrasts y:

S.e. V2

S.e. Vs

S.e.

.
10
11
14

Walking3 Trend
Apples3 Trend
Continent Trend
Grow2  Trend

14 .2.51 0.26 * 1.03 0.16 ** 0.29 0.07
22 -3.36 0.44 # 0.15 0.16
%5 .2.17 0.17 % 0.89 0.12
%2 0.46 0.07 % 0.65 0.08
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Likelihood-based Values and Goodness of Fit Statistics (Back to TOC)

Statistics based on the loglikelihood

-2loglikelihood: 21233.40
Akaike Information Criterion (AIC): 21303.40
Bayesian Information Criterion (BIC): 21482.90

Statistics based on one- and two-way marginal tables

Mz Degrees Probability =~ RMSEA
of freedom
785.98 333 0.0001 0.03

Note: Mz is based on full marginal tables.

Note: Model-based weight matrix is used.

Group Parameter Estimates (Back to TOC)

Group Label p s.e. o? s.e. o] s.e.

1 G1 0.00 ----- 1.00 --—--- 1.00 --—---
67 ~ 68 68

2 G2 013 0.09 0.85 0.18 0.92 0.10

The option to display trace lines, information curves and test characteristic curves are available for
all types of unidimensional analyses. While the output file is displayed, select the Analysis, Graphs
option.

" N S —
L1 IRTPRO - [PISAMathBook1USUKIRT-irthtm] —
Pra— T

0] File Edit View |Analysis | Window Help
D= || Graphs |

IRTPRO Version 2.0
Output generated by IRTPRO estimation engine Version 4.54 (32-bit)

Project: 2-group IRT Analysis (GPC model for polytomous items)
| |Description: Mixture of 2PL and General Partial Credit Models

Date: 24 May 2011

Time: 04:43 PM

Table of Contents

2PL Model ltem Parameter Estimates for Group 1, logit: a8 + c or a(8 — b)

Mominal Model Slopes and Scoring Function Contrasts for Group 1, logit: (a s(e +C(}: s=Ta

The default display shows the trace lines for the items in each group. To illustrate, the trace lines for
the items Continent, Grow1, Grow3 and Grow?2 are shown for the second (UK) group.
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6.2.3 Unidimensional Rasch

In the Rasch analysis to be considered next, we imposed additional equality constraints across items
(all items have the same slope). This turns the general partial credit (GPC) model into the partial
credit (PC) model. Close the output file generated in the previous section to display the data
PISAMathbook1USUK:ssig. Select the Unidimensional IRT ... option from the Analysis menu.

Right click on the right-hand side of the IRT tab to insert Test3. Once the Test3 tab is displayed,
right-click on this tab and rename it to Rasch.

, i

Data File: | C:\IRTPRO Examples\By Dataset\PISA MathBook 1\PISAMathBook LUSUK. ssi

Traditional  IRT |

Insert Test...
Description IGmu Delete Test lation |
Title: Rename
Manage Test...

Once this is done, enter a title and comments.
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Data File: | C:\RTPRO Examples\By Dataset\PISA MathBook 1\P1SAMathBook 1USUK ssig J Read file |

Traditional || IRT | Rasch |

Description 'Group || ftems I| ModelsI|Scoring ||Simu|ation|

Title:
2-group Rasch model (GPC model for polytomous items)

Comments:
Midure of 2PL and General Partial Credit Models - slopes contrained to be equal

Options... |

Follow the steps described in the previous section to select the group variable and items. Next, click
the Constraints button on the Models window. Click the Set parameters equal across groups
button. Then, for both groups, select all the cells containing the slope parameters (denoted as "a").
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Group: Country

Group, Item

G1, Apples2 b
G1, Apples3

G1, Continent

, Grow1

Set Parameters Equal

Fix Value...

Set Parameters Free

=

Set parameters equal across groups

Right-click on any one of the selected cells and select the Set Parameters Equal option from the
drop-down menu. This action results in all the slope parameter numbers being set to a single number
as shown in the Constraints window below. Click OK to return to the Models window.
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Item Parameter /|

Group: Country

Group, Item

~
| G1, Apples2 i
G1, Apples3

G1, Continent

G1, Growl
G1, Grow3
. Grow2

, Cubel
', Cube3
', Cube4
G2, Farmsi
G2, Farms4
G2, Walkingl
G2, Walking3

G2, Applesl
G2, Apples2
G2, Apples3

G2, Continent

G2, Growl
G2, Grow3
G2, Grow2

Set parameters equal across groups

To start the analysis, click the Run button. Portions of the output are given next.

2PL Model Item Parameter Estimates for Group 1, logit: a@ + cor a(@ —b) (Back to TOC)

Item Label a s.e. C s.e. b s.e.
1 Cubel 201.390.111' 0.45 0.10 -0.32 0.09
2 Cube3 201.390.112 1.45 0.11 -1.04 0.14
3 Cube4 201.39 0.11 % -1.19 0.11 0.86 0.06
4 Farmsl 2°1.39 0.11 4 0.12 0.11 -0.09 0.08
5 Farms4 2°1.39 0.11 5 0.06 0.11 -0.05 0.08
6
8
9

Walkingl % 1.39 0.11 6 -1.33 0.11 0.96 0.07
Applesl % 1.39 0.11 ¥ 0.23 0.10 -0.16 0.08
Apples2 % 1.39 0.11 ** -1.88 0.12 1.35 0.08
12 Growl 20 1.39 0.11 6 -0.09 0.10 0.06 0.07
13 Grow3 201.39 0.11 7 0.28 0.10 -0.20 0.08
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GPC Model Item Parameter Estimates, logit: a[k(0 - b) + Zdk]

ltem Label a s.e. b s.e. d d: s.e. ds s.e. da s.e.
7 Walking3 2° 1.39 0.11 1.62 0.08 0.00 0.73 0.07 -033 0.09 -0.39 0.10
10 Apples3 20139 0.11 170 0.09 0.00 -0.13 0.07 0.13 0.07

11 Continent 2 1.39 0.11 141 008 0.00 058 0.06 -0.58 0.06

14 Grow2 20139 0.11 -032 008 0.00 0.74 0.06 -0.74 0.06

Group Parameter Estimates (Back to TOC)

Group Label p s.e. 02 s.e. o s.e.

1 G1 0.00 ----- 1.00 ----- 1.00 -----

2 G2 21 0.51 0.07 220.84 0.09 220.92 0.05

Marginal Reliability for Response Pattern Scores: 0.82

Likelihood-based Values and Goodness of Fit Statistics (Back to TOC)

Statistics based on the loglikelihood

-2loglikelihood: 21597.38
Akaike Information Criterion (AIC): 21641.38
Bayesian Information Criterion (BIC): 21754.20

Statistics based on one- and two-way marginal tables

Degrees .
Mz of freedom Probability RMSEA
1214.58 346 0.0001 0.04

Note: M2 is based on full marginal tables.

Note: Model-based weight matrix is used.

The deviance statistic (-2 log likelihood) for the Rasch model is reported above as 21597.38. The
corresponding value for the IRT model (see previous section) is 21233.40. The chi-squared difference
test therefore yields a value of 21597.38 — 21233.40 = 363.98. The degrees of freedom for testing
between the IRT and Rasch models is 13 (14 slope parameters were estimated in the case of the IRT
model versus one for the Rasch model). Since the chi-squared difference test is highly significant,
we conclude that the IRT model provides a better fit to the item responses when compared to the
Rasch model. Information-theoretic indices of fit (AIC and BIC) also point to the IRT model as better

fitting.
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7.

Multidimensional analysis

7.1 Multidimensional analysis of the Affect Adjective Check List (AACL)

To obtain a better fit than was obtained with a unidimensional model in Section 5.4, we consider a
two-dimensional model that fits one factor (latent variable) for the "anxiety-plus” items and a second
(correlated) factor for the "anxiety-minus" items. See Section 5.4 for a description of the data and
the recoding of item scores. Open the file AACL_21ltems.ssig stored in the folder C:\IRTPRO
Examples\by DataSet\AACL, and then select Multidimensional IRT ... under the Analysis menu.
A Use Saved Command File dialog appears. Click the Yes button and insert a second test by right-
clicking on the right-hand side of the UniDallltems tab.

Use Saved Command File . w

A command file
AACL3_21ltems.irtpro

is found in the following folder
CAIRTPRO Examples\By Dataset\AACLY

Do you want to use this file?
Press [No] to save command with a new name

Rename the Test2 tab to TwoFactor, enter a title and comments and select all 21 items. Change the
number of dimensions to two as shown below.

The particular two-dimensional model to be fitted to these data is a "simple structure” confirmatory
factor analysis (CFA) model, which has non-zero slopes (or factor loadings) for the first eleven
"anxiety-plus" adjectives on the first factor, non-zero slopes (or factor loadings) for the final ten
"anxiety-minus"” adjectives on the second factor, and zero slopes (or loadings) for the other
combinations.

In addition, the correlation between the two latent variables (for the "anxiety-plus" adjectives and
the "anxiety-minus" adjectives) is estimated.
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-
Multidimensional Analysis 2 g

Data File: | C:\IRTPRO Examples\By Dataset\AACL\AACL3_21Items, ssig J Read file | I
||
| UniDalltems | TwoFactor |
| Description || Group | tems ' Models” Scarng || Simulation l
Single Group Analysis
Grouping value: IND Group Varable LI
List of varables: ltems: .y |
Afraid - Afraid S
Desperate Desperate
Fearful Fearful ¥
Frightened fdd 3> | Frightened
Nervous Nervous
Panicky Panicky
Shaky Shaky
Tense N.LIITIbElf of latent Tense
Tenfied dimensions: Terfied i
Upset - "'"III" D
Womying & I2 _|.:
Ll T Apply to all groups |
Options... oK Cancel Run

To set up the constraints in the IRTPRO graphical user interface (Gul), we click on the Models tab.
Recode item scores of the first eleven items as explained in Section 5.4.
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Grouping value: INo Group Varable

| UniDalltems | TwoFactor |

Data File: | C:\IRTPRO Examples\By Dataset\AACL\VAACL3_21Ttems.ssig

| Desaription || Group | fems | Models | Scoring || Smulation |

J Read file | |
[ ]

Item List |Czlegnne¢ Data Codes

lkem Scores

Panicky
Shaky
Tense
Tenified
Upset

Calm
Cheerful

Worrying

Lot T R S R LS R oS R S R

—- 4 4 . a

% I oS T (R (% R LS R S R R 6

Constraints. .. | EFA... | Bifactor... |

=IB=1 —| —| —| —| —
—L L Q== e R R )

 Model |

2PL
2PL
2PL
2PL
2PL
2PL
2PL

2PL -
Apply to &l groups

L L

=

Options... |

o |

Cancel Run

Once done, click on the Constraints button beneath the item list, and that shows the ltem
Parameter Constraints window:

Group: Single Group
Item ‘ -
Afraid al c 3 [
Desperate al c 6
Fearful al c 9
Frightened | al C 12 =
Nervous al c 15
Panicky al c 18
Shaky al c 21
Tense c 24 L
Terrified Set Parameters Equal
Upset Fix Value...
S WO TR Set Parameters Free
Calm
Cheerful al 37 a2 38 c 39
Contented | al 40| a2 41| c 42 -
Set parameters equal across groups
[ ok || conca |
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The Item Parameter Constraints window lists the items in the left-most column, and then, for
each item, the model parameters are indicated symbolically (a for slopes, and ¢ for intercepts).

Select the a, cells for items Afraid to Worrying and right-click to invoke the dialog for setting

parameters equal, to free parameters or to fix parameter values. Select the Fix Value... option and
since the default value is 0.0, click the OK button. For convenience, blocks of item parameters may
be selected using standard conventions, such as shift-clicking, so that constraints may be applied to
several parameters at a time.

Starting Value

K
Enter Value: 184

Cancel

0l

Next, select the a, cells for items Calm to Thoughtful and right-click to invoke the dialog for setting

parameters equal, to free parameters or to fix parameter values. Select the Fix Value... option and
click the OK button.

Finally, select the covariance cell (o,,) and right-click to select the Set Parameters Free option.

Integers in blue cells with the parameter symbol indicate the numbers for parameters that will be
estimated. Real values in the red cells indicate fixed parameter values as shown below.

The elements of the mean vector and covariance matrix of the latent variables are also model
parameters; they are shown at the bottom of the Item Parameter Constraints window. In this
example, the means and variances are fixed (at 0.0 and 1.0, respectively) to standardize the two latent
variables. The covariance between those two standardized variables (o,,) is estimated — that is the

correlation between the two latent variables.
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M |tem Parameter Constraints

)

Group: Single Group
Item 7

Afrard _ - :
Desperate _ c 6
Fearful _ c 9
Frightened _ c 1z
Nervous _ c 15
Panicky _ g 18
shaky B
Tense _ e 24
Terrified _ c 27
Upset B
Worrying _ c 33
Calm _ az 3/ c 36
Cheerful _ az 3|/ cC 39
Contended _ a2 41 |c 4z
Happy [ 2 4 ¢ 45
Joyful _ az 47 45
Loving _ az 50 C 51
Pleasant _ az 53 ¢ 54
Secure _ as 56 C 57
Steady _ az 59 |c 50
Thoughtful _ az 62 | c 63

Covariances

@t o RN .
Ok ] [ Cancel

When the parameters are as desired, we click OK in the Item Parameter Constraints window, then
Run in the Multidimensional Analysis dialog box, and wait... longer than for the unidimensional
run, because multidimensional runs take more time.

When the parameters have been estimated, the output appears. We note that among the item
parameter estimates, there are two columns of slopes, labeled a, and a, — those are slopes on the

two latent dimensions. We also note that there are ¢ (intercept) parameters, but no b (threshold)
parameters, because the latter do not have meaning for multidimensional models.
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2PL Model Item Parameter Estimates for Group 1, logit: a® + ¢ (Back to TOC)

Item Label al s.e. a2 S.e. C S.e.

1 Afraid 2 347 0.69 0.00  ----- 1 -4.33 0.75

2 Desperate 4 3.28 0.62 0.00  ----- 3  -3.97 0.65

3 Fearful 6 5.08 1.21 0.00  ----- 5 -5.76 1.26

4 Frightened 8 8.16 3.02 0.00  ----- 7 -10.35 3.63

5 Nervous é 3.14 0.52 0.00  ----- 9 -1.69 0.35
. 1 1

6 Panicky > 2.68 0.45 0.00  ----- 1 -2.76 0.41
1 1

7 Shaky 2 2.27 0.40 0.00  ----- 3 -2.92 0.40
1 1

8 Tense 6 2.93 0.46 0.00  ---- 5 -0.71 0.27
o 1 1

9 Terrified 8 4.88 1.82 0.00  ----- 7 -9.49 3.14
2 1

10 Upset 0 2.06 0.34 0.00  ----- 9 -2.31 0.32
. 2 2

11 Worrying > 3.71 0.76 0.00  ---- 1 0.16 0.31

12 Calm 0.00  ----- 24 151 0.25 é -1.17 0.20

13 Cheerful 0.00 - 26 2.16 0.35 é -1.04 0.24

14 Contended 0.00  ----- 28 2.94 0.49 5 -1.26 0.30

15 Happy 0.00 - 30 3.60 0.70 g -1.93 0.43

16 Joyful 0.00  ----- 32 2.68 0.48 i 1.01 0.27

17 Loving 0.00  ----- 34 1.50 0.24 g -0.66 0.18

18 Pleasant 0.00  ----- 36 2.66 0.49 2 -2.99 0.46

19 Secure 0.00 - 38 2.13 0.34 3 -1.00 0.23

20 Steady 0.00 - 40 2.01 0.34 3 -1.63 0.26

21 Thoughtful 0.00 e 42 148 027 ‘1‘ 190 024

To see the estimated correlation between the two latent variables, we click on the entry Group
Latent Variable Means in the table of contents; below the means, IRTPRO lists the latent variable

variance-covariance matrix:
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Latent Variable Variance-Covariance Matrix for Group 1, (Back)

01 s.e. 02 s.e.

We observe that the correlation between the latent variables that account for the covariation among
the "anxiety-plus" and "anxiety-minus" adjectives is only 0.55. That value would have needed to be
1.0 for a unidimensional model to fit, which explains why the unidimensional model we fitted in
Section 5.4 not appear to fit well.

The M; statistic for this model suggests much better fit:

Statistics based on one- and two-way marginal tables

Degrees .

M2 Probability RMSEA
of freedom

463.91 188 0.0001 0.07

Note: M2 is based on full marginal tables.
Note: Model-based weight matrix is used.

The difference between the values of -2 log likelihood for the unidimensional model (5058.51) and
for this two-dimensional model (4748.47) may be interpreted as a y > -distributed statistic on 1 degree

of freedom (because the unidimensional model is nested within this two-dimensional model, and the
two-dimensional model uses one more fitted parameter. That difference is 310.1, which is incredibly
significant. There is compelling evidence that these data need a two-dimensional model to be fitted.

With the two-dimensional model, the standardized LD x> statistics no longer suggests strong
residual covariance. There are few extremely large values and no obvious red clusters:
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Marginal fit (X2) and Standardized LD X2 Statistics for Group 1 (Back to TOC)

Marginal
Item X2 1 2 3 4 5 6 7 8 9 10
1 0.0
0.0 0.9
3 0.0 04 -03
4 0.0 -0.7 11 11
5 0.0 02 -0.7 -06 -0.6
6 0.0 -05 -07 18 50 -03
7 0.0 01 06 -01 -07 -0.7 01
8 0.0 02 05 16 - 00 -00 -0.7
9 0.1 o0 06 - -- - 00 07 ---
10 0.0 03 01 02 01 -07 -07 01 -03 -05
11 0.0 -02 04 - - 02 12 -06 04 - -01
12 0.0 03 96 28 33 37 114 42 91 01 20
13 0.0 30 06 21 11 22 -07 -03 02 01 -03
14 0.0 -0.7 06 -06 -07 -07 -05 -05 -02 06 -07
15 0.0 -0.2 -05 -05 -07 01 -06 -07 -01 -05 -0.7
16 0.0 -04 -07 -05 -02 06 -04 -06 15 - -0.7
17 0.0 85 11 52 57 55 02 01 45 10 0.2
18 0.0 25 23 -07v -06 -01 07 00 -0.7 -06 -0.6
19 0.0 -05 07 16 10 -02 05 18 01 -06 05
20 0.0 14 31 34 36 -06 22 40 08 01 0.2
21 0.0 03 -06 -07v -07 06 -06 -06 11 -06 0.0
Marginal
Item X? 11 12 13 14 15 16 17 18 19 20
11 0.0
12 0.0 55
13 0.0 1.8 05
14 0.0 -01 31 1.2
15 0.0 -04 -01 39 -0.6
16 0.0 37 05 19 -07 13
17 0.0 63 26 01 11 -0.7 57
18 0.0 -04 -07 06 08 18 -06 -05
19 0.0 1.1 -07 59 -02 10 23 -02 -07
20 0.0 15 04 45 -07 26 16 38 -07 938
21 0.0 06 18 -07 14 -02 -05 20 -04 -06 -0.0

One value of the pairwise LD statistics that stands out is the 11.4 for items 6 and 12; those adjectives
are "panicky" and "calm" (the latter reverse scored). It is likely that there is additional un-modeled
local dependence between those two near antonyms. That could be modeled as well, but we leave
that exercise to the reader.
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7.2 Analysis of Quality of Life data

7.2.1 Exploratory Factor Analysis (EFA)

To illustrate the implementation of exploratory factor analysis for graded response data, the "Quality
of Life Interview for the Chronically Mentally 11" (Lehman, 1988) was analyzed based on the item
responses of 586 chronically mentally ill patients. The scale consists of seven subdomains (Family,
Finance, Health, Leisure, Living, Safety, and Social), each with 4 to 6 items for a total of 34 items. In
addition, there is one global life satisfaction item, yielding a total of 35 items. Each item is rated on
a 7-point scale with the following response categories: 1 = terrible; 2 = unhappy; 3 = mostly
dissatisfied; 4 = mixed, about equally satisfied and dissatisfied; 5 = mostly satisfied; 6 = pleased;
and 7 = delighted. The table below provides a brief description of each of the 35 items.

Table 7.1: Description of items in the Lehman Quality-of-Life Rating Scale Data (N =586)

Global Health Living
Item1: Global life satisfactionasa | Item10: Health in general Item22: Living arrangements
whole Item11: Medical care Item23: Food
Item12: How often see doctor Item24: Privacy
Family Item13: Talk to therapist Item25: Amount of freedom
Item2: Family Item14: Physical condition Item26: Prospect of staying
Item3: Amount of family contact | |tem15: Emotional well-being
Item4: Family with interaction Safety
Item5: General family stuff Leisure Item27: Neighborhood safety
Item16: Way spend free time Item28: Safe at home
Finance Item17: Amount of free time Item29: Police access
Item6: Total money you get Item18: Chance to enjoy time Item30: Protect robbed/attack
Item7: Amount pay for basic | 1tem19: Amount of fun Item31: Personal safety
needs ) ) ] Item20: Amount of relaxation
Item8: Financial well-being Item21: Pleasure from TV Social
Item9: Money for fun Item32: Do things with others
Item33: Time with others
Item34: Social interactions
Item35: People in general

To open the data file, select the file QolLife.ssig from the IRTPRO Examples\By Data Set\Quality
of Life folder. The first 15 cases for Item1 to Item9 are displayed below in spreadsheet format. Each
of the items has seven categories and therefore the available models are graded, general partial credit
and nominal.
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|~ RTPRO - [Qof [ e

[®] File Edit Data Manipulate Graphics Analysis View Window Help
Dwd :2R|S T

Iterm1 Item2 | Itemn3 | Itemnd | ItemS | Itemb | Item? I Itemd |

From the main menu bar, select the Graphics, Univariate... option to obtain bar chart
representations of the distribution of the items over category values.

i . T T T—— W
1 IRTPRO - [Qoflife.ssig]

[#7 File Edit Data Manipulate |Graphics| Analysis View Window Help
S IEEEERD Univariate...
=i al Bivariate...
1 3 3 0
2 |5 3 4 [tem Response 5
3 E E E B B g
4 B B B 1 B 4

By selecting this option, the Univariate Graph window is displayed enabling one to select a list of
items to be displayed graphically. To illustrate, the first six items are selected as shown.

[ |
Univariate Graph u

Select one or more Y Variable(s)

Ttem1
Ttem2
I Ttem3
Ttem4
vET | |
Ttem&
[]ttem7
[ |ttems
[]items

[]ttem10
[rem11
[]tem12
[iem13 -

s

[ 0K ] ’ Cancel
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Next, click the OK button to obtain the bar charts. Each chart presents the distributions of responses
over the seven categories.

ltem ltem2 ltem3
150 150
7 10 # 100 &1
=4 = =4
E z E
£ g £
~- 8 5 “ om0
i 0 i
WMo O1 @z @3 o O1 @z @32 WMo O1 @z @3
O+ W5 MWk 4 W5 Ms O+ HEs MW=«
Itemd Item5 ItemB
150
100
5 §mu 5 100
E} E} E}
g g g
w50 w5 ]
i i i
Ho O1 EH:z2 @O:3 Ho O1 @z O3 Ho O1 EH:z2z @O:3
O+ M5 Ms O4 W5 M5 O+ M5 Ms

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

'l ™
Multidimensional Analysis “ ' @

Data File: | C:\IRTPRO Examples'\By Dataset\Quality of Life\QofLife, ssig

Test1 lTestEﬂ

Diescription ]Group ﬂ| ftems [|| Models [”Scoring ﬂ|5irnulationﬂ

Title:

Comments:

Seven factors, based on tems 2to 35, estimation method used is MH-RM.
Factor raration is othogonal CF-varmax. Graded model fitted to each item.

IL Options... QK | Cancel Run
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Since the dataset consists of a solitary group, the Group tab is not used, and we skip to the Items
tab to select Item2 to Item35. In the Number of latent dimensions: field enter "7".

, _

S

Test1 'Test2 I

Single Group Analysis

| Description ||Group | tems I Modalsl| Scoring l| Simulation l

Data File: I C:MIRTPRO Examples\By Dataset\Quality of Life\QofLife.ssig

J Read file |

Grouping value: IND Group Variable LI
List of variables: ftems: by |
ftem - temz PES
ftem?2 ftem3 =
tem3 temd4 s
femd Add > | tem5
tem5 temb
ftemé ftem?7
ftem?7 ttema
tems Mumber of latent temd
tem3 dimensions: tem10 i
ftem10 - ';'_III1 = o
tem11 - |7’ _.;
P |I| Apply to sl groups |
Options... oK I Cancel Run

To change the estimation method from the default (Bock-Aitkin) to MH-RM, check the Options
button (bottom-left on screen displayed above).
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Test: [Test1 | |Apply ol tests

Estimation 'Starting ‘u’aluesl| Priars I| Miscellaneous“ Save l

Estimation method: IMH—F{M LI

Convergence Controls

Convergence monitor window size: I 3 3: Convergence criterion: I 0,001

Control Parameters

Number of stage [ cydes: I 200 3: Mumber of stage II cydes: I 100 3:
Maximum number ofl 2000 3: Monte Carlo size for final I 10000 3:

stage I1I cycles: logHikelihood approx. :

Tuning Parameters

MNumber of imputations: I 1 E: Burn-n: I 10 3: Ihinning:l 0 E:
Initialization gain constant: [q,1 Alpha: I 1 Q:lsilon:l 1

Metronoli ol Covariance Matrix Computation

etropolis sampler type: ;

Spherical hd & Accumulation .
Sample size

Metropolis proposal density std. dev.: |0|3 " Monte Carlo: [ 1000 -

Default |

OK | Cancel | Apply

r = —— 5
Ad ed Opti ;
Vanc P Dn5~ M
TR [Teﬁﬂ - ] Apply to all tests

| Estimation || Starting Values || Priors | Miscellaneousl Save | Simulate |

Number of decimal places in tabular _
2 -
Number of processors: 2 E

[ print table of standardized residuals

Compute Chen-Thissen LD and item fit statistics
[] compute limited-information overall model fit statistics

[ Print each item's goodness of fit frequency table
Minimum expected 1

Erint parameter numbers
Print diagnostic information

[ Print dump file Print full dumnp file

| ok | cancel | apply

To obtain a listing of factor loading in the output file, select the Miscellaneous tab in the Advanced
Options window and click the Print Factor Loadings check box.
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Next, proceed to the Models tab. Click the EFA button to continue.

F = ™

Data File: I C:\IRTPRO Examples'By Dataset\Quality of Life\QofLife.ssig J Read file |

Test1 ITest2 I

| Description ||Group || ttems | Models 'Scnring I|Simulatior1|

Grouping value: IND Group Variable

Item List Categories | Data Codes l&:nr&s| Model | &
0,1,2,34,5 01,2 3, 4,5 Graded

7 1
ttem3 7 01,2345 01,23 4 5 Gradsd

T temd 7 01,2345 0 1,2 3.4 5, Graded
em5 7 01,2345 01,23 4,5, Graded

T tems 7 01,2345 0 1,2 3.4 5, Graded
tem?7 7 01,2345 01,23 4,5, Graded

T hems 7 01,2345 0 1,2 3.4 5, Graded
tem3 7 1

0,1,2,34,5 01,2 3, 4,5 Graded -
LCaonaztraints. .. | EFA . | Bifactor... | Apply to &l groups

Options. .. oK I Cancel Run

To confirm that you intend to do an exploratory item factor analysis, click the appropriate check box.
In doing so, IRTPRO automatically sets up the EFA parameter constraints and the Constraints button,
Models tab, is disabled. There are four rotation types available as shown in the dialog below. For
this analysis, the Orthogonal CF-Varimax method is selected.

F
Exploratory Factor Analysis M

[/ Exploratory item factor analysis
[¥|Treat item responses as ordered
I Rotation

(") oblique CF-Quartimax

() Orthogonal CE-Quartimax

(") oblique CF-Varimax

[ oK ] ’ Cancel
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Portion of the output, listing the rotated factor loadings of the first five factors for item2 to item20, is
displayed below.

r ~
LAIRTPRO - [QofLifeBiFacTestLirthtml i SR 8 & e e S
[® File Edit View Analysis Window Help & x
D& M| EX:;

Orthogonal CF-Varimax Rotated Loadings for Group 1 {Back to TOC) -
Item Label A se Ay se Ay se. Ay se. Ag se.
1 ltem2 -0.79 0.00 011 0.02 0.13 0.02 -0.08 0.02 -0.14 0.02
2 Item3 -0.69 0.01 0.12 0.02 0.18 0.04 -0.18 0.04 -0.15 0.02
3 ltemd4 -0.83 0.01 0.13 0.02 0.20 0.04 -0.16 0.04 -0.18 0.03 |
4 ltem5 -0.83 0.02 0.16 0.02 0.18 0.04 -0.19 0.04 -0.20 0.03
5 ltem@ -0.14 0.04 0.10 0.04 0.18 0.05 -0.83 0.03 -0.10 0.04
i} ltem7 -0.13 0.06 0.14 0.04 0.12 0.06 -0.67 0.04 -0.13 0.06
7 ltema -0.15 0.04 0.14 0.05 0.14 0.05 -0.84 0.02 -0.14 0.05 I
g Item9 -0.14 0.05 0.17 0.06 0.13 0.05 -0.81 0.03 -0.11 005 | =
g ltem10 -0.13 0.07 0.23 0.07 0.21 0.07 -0.11 0.07 -0.30 0.07 1
10 Item11 -0.19 0.06 0.15 0.06 0.16 0.06 -0.18 0.06 -017 0.06 |
1 ltem12 -0.19 0.06 0.18 0.07 0.07 0.06 -0.16 0.06 =017 0.06 N
12 ltem13 -0.18 0.06 0.10 0.07 0.21 0.06 =017 0.06 -0.22 0.06 [
13 ltem14 -0.22 0.06 0.24 0.07 0.18 0.06 -0.19 0.06 -0.26 0.06
14 ltem15 -0.27 0.06 0.30 0.07 0.07 0.06 -0.21 0.06 -0.30 0.06
15 ltem16 -0.19 0.05 0.53 0.05 013 0.08 -0.26 0.05 -0.30 0.05
16 Item17 -0.19 0.06 0.59 0.06 0.15 0.06 -0.16 0.06 -0.19 0.06
17 ltem18 -0.19 0.05 0.62 0.05 0.18 0.06 -0.21 0.06 -0.21 0.06
18 ltem19 -0.19 0.05 0.70 0.05 0.14 0.07 -0.26 0.05 -0.17 0.06
19 ltem20 -0.23 0.06 0.61 0.05 0.19 0.07 -0.22 0.06 -0.11 006 -
m [
NUM
- — P— —— —— — — — —

By looking at all factor loadings that exceed 0.40 in absolute value, the EFA confirms the presence
of seven subdomains (F1 = Family, F2 = Leisure, F3 = Living, F4 = Finance, F5 = Safety, F6 = Social and
F7 = Health) listed in the table at the beginning of this section.

7.2.2 Bifactor Analysis

A plausible factorial structure for many types of psychological and educational tests exhibits a
general factor and one or more group or method factors. A bifactor model can represent this type of
factorial structure. The bifactor structure results from the constraint that each item has a nonzero
loading on the primary dimension and, at most, one of the group factors. Using maximum marginal
likelihood estimation of item parameters, the bifactor restriction leads to a major simplification of
the likelihood equations and (a) permits analysis of models with large numbers of group factors, (b)
permits conditional dependence within identified subsets of items, and (c) provides more
parsimonious factor solutions than an unrestricted full-information item factor analysis in some
cases. Analysis of data obtained from 586 chronically mentally ill patients, described in the previous
section, reveals a clear bifactor structure, partially demonstrated by fitting an EFA model to the data
with orthogonal rotation of the factors.

The bifactor model was originally introduced to extend the Spearman one-factor model for
intelligence tests to include so-called "group” factors. Including these mutually uncorrelated factors
enables the researcher to explain departures from the common (general) factor. The mutually
uncorrelated factors assumption makes it possible to do numerical quadrature in two dimensions.
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To define the analysis using the user's interface, select the Analysis, Multidimensional IRT ...
option from the main menu bar. For this analysis, we assume a total of eight factors, these being a
general factor and seven additional mutually uncorrelated factors.

- i ™
Multidimensional Analysis - ! ! [ﬁ
Data File: | C:\IRTPRO Examples'By Dataset\Quality of Life\Qoflife. ssig
| Test1 | Tesi2 |

Description ]Group ﬂ| ftems [|| Models [||Scoring [||Simu|ationﬂ

Title: I
Bifactor analysis of the guality of life data (35 items]

Comments:

One general factor and seven specific factors
F1 =tem1to kem35 (General factor)

F2 = tem? to kem5

F3 = tem6 to kem$

F4 = kem10to kem15

F5 = kem16to kem21

F& = kemZ2 to kem26

F7 = temZ7to kem3l

F8 = kem32to kem35

Options... oK | Cancel | Run |

e e e e e e e Al e e

The Description tab shows the assignment of items to the group factors. Note that the mutually
uncorrelated factors assumption implies that any given item can be assigned to only one group factor.
Also, note that one or more of the 35 items do not have to be assigned to any group factor. In this
illustration, item1 is not assigned to any one of the additional factors. Since the dataset consists of a
solitary group, the Groups tab is skipped and under the Items tab all 35 items are selected.

In the case of a multidimensional analysis, the Items tab contains a field for the number of latent
dimensions, the number to be entered being 8 in the present example.
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Data File: I C:\IRTPRO Examples'\By Dataset\Quality of Life\Qoflife.ssig

| Test1 | Testz |

|D&scrlp‘Lionl|Group| ftems 'Modelsl|5c:oring ||Si.rnulation|

Single Group Analysis

J Read File |

Grouping value: IND Group Variable

List of variables: ttems:

ftem1 s

ftem2

ftem3 H

femd Add > |
ftems

ftemé

ftem7

ftem2 Number of latent
femS dimensions:
tem10

ftem1

]

ftem1
ftem2
ftem3
ftem4
ftem5
ftem&
ftem7
ftem&
ftem3

e
L Fess———

Apply to all groups

The graded model (the default model when the number of categories for an item is greater than two)
is used for each item and hence we click the Bifactor button to assign items to the additional factors.

,
urmersorl aratss S
-~ = 1

Data File: I C:\IRTPRO Examples'By Dataset\Quality of Life\Qoflife.ssig

| Test1 | Test2 |

|D&sc:'iption||Group || ftems | Models 'Scorlng l|Si.rnuJatior1|

J Read File |

Grouping value: IND Group Variable

Item List | Categories | Data Codes | tem Scores Model
0,1,2,3.4,5 0,12 3, 4,5, Graded

ftem2 0.,1.23.45 0,12
0.,1.23.45 0,12
0.,1.23.45 0,12
01,2345 012
01,2345 012

01,2345 012

ftem3
ftem4
ftem5
temé
ftem?7

e B B B R R R R

tem&

3. 4,5, Graded
3. 4,5, Graded
3. 4,5, Graded
3,4, 5, Graded
3,4, 5, Graded
3,4, 5, Graded

0,1,2,3.4,5 0,12 3. 4,5 Graded -
LConstraints... | EFA... | Bifactor... Apply to all groups
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Selection of the Bifactor option activates a Bifactor Analysis window, allowing one to select items
from the List of variables for each additional factor. Below, Factor 2 is selected and Item2 to Item5
are assigned to this factor.

p

Bifactor Analysis

Single Group Analysis

Grouping value: |, Group Variable

:

Item2
Item3
Item4
Item5
Item&
Item7
Item8
Item9
Item10
Itemll

|_u|_E

N I O = < S
0 R KEEDODODO|w
XXHOOOOOoooo +
000000000 =
N I Y A
N I o Y

=1

Cancel |

]:II:II:II:II:II:II:II:II:II:I'm

]
=

Note that when either an EFA or Bifactor analysis is specified, the Constraints option is no longer
available since parameter constraints are, in these cases, generated by the user's interface.

Access to the Advanced Options window is obtained by clicking the Options button on the
Multidimensional Analysis window. For the current analysis, the Bock-Aitkin estimation method
is selected and the Convergence information, Quadrature details, and method to be used to
calculate the standard errors are specified.
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R —

Advanced Options

=

Test: [Testz

Estimation

Quadrature details

[Eock—mtkin

7]

Converge information

M-Step maximum iterations 5g

Maximum number of cycles spg -

'] Apply to all tests

Estimation lStar‘:ing Valuesm Priors [||Miscellaneous[|| Save ” Simulate]

Convergence criterion: 1e-003

Convergence criterion: 5 g5

Mumber of 49 . Maximum value: 5|
Standard = = Dﬂpply dimension reduction
Group Gen Dim
Single Group 1
oK ]’ Cancel ” Apply
— = ——

A portion of the output is shown below. Note that all the slope parameters (&, ) for the general factor

are estimated. In the case of the additional factors, slopes are only estimated for the list of items
assigned to a group factor.

r = = S ~
L7 IRTPRO - [QofLife.Test2-irthtm] =l =) LX)
[®7 File Edit View Analysis Window Help & x
== =2
Likelihood-based Values and Goodness of Fit Statistics i
Summary of the Data and Control Parameters ‘:|
Graded Model ltem Parameter Estimates for Group 1, logit: a8 + ¢ {Back to TOC) N

Item Label a se. g e gy e dy e dg 58
1 ftem T 239 0.25 0.00 — 0.00 — 0.00 — 0.00 —
2 ftem2 14 170 021 15 493 0.20 0.00 — 0.00 — 0.00 —
3 ftem3 22 458 020 2 445 0.15 0.00 — 0.00 — 0.00 —
4 ltemd 30 279 034 3 327 0.35 0.00 — 0.00 — 0.00 —
5 ftems 38 283 033 39 284 0.27 0.00 — 0.00 — 0.00 —
B ftem6 %6 473 0.23 0.00 — 47 249 0.26 0.00 — 0.00 —
7 ftem7 54 109 0.16 0.00 — %5 138 0.17 0.00 — 0.00 —
8 ftems 62 215 0.26 0.00 — 63 274 0.30 0.00 — 0.00 —
9 ltemg 70 195 0.26 0.00 — 71 252 0.28 0.00 — 0.00 —
10 tem10 78 425 0.16 0.00 — 0.00 — 79 037 0.15 0.00 —
11 tem11 88 181 0.20 0.00 — 0.00 — & 155 0.24 0.00 —
12 tem12 9 141 0.20 0.00 — 0.00 — 95 149 0.22 0.00 —
13 tem13 102 158 0.22 0.00 — 0.00 — 103 158 0.26 0.00 —
14 tem14 110 158 0.18 0.00 — 0.00 — 111 054 017 0.00 —
15 ltem15 18 433 019 0.00 - 000 — 19 gar 014 0.00 —

o 111 |

Done
—
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In many practical applications, the bifactor model provides a natural alternative to the traditional
conditionally independent unidimensional IRT model. When conditional dependence is likely, as in
the case of paragraph comprehension tests, tests in which there are two or more methods of item
presentation, or personality or other items that have a two-level structure with an underlying general
factor, the item bifactor solution provides an excellent alternative. An attractive by-product of this
model is that it requires only the evaluation of a two-dimensional integral, regardless of the number
of subtests, paragraphs, or content areas.

In the ordinal response case, the bifactor model provides a very general multidimensional model for
graded response data. In mental health measurement, rating scales are typically constructed by
sampling items from domains related to a single underlying construct, as in the quality-of-life scale
analyzed in the illustration. In these cases, a priori knowledge of which item belongs to which
subdomain is available, and the bifactor model is a natural choice. Similarly, in educational
measurement problems, tests are often constructed by creating a series of subtests or so-called
"testlets™” (Wainer & Kiely, 1987) within which items have similar content or focus, and these testlets
are then combined to form a test. In this case, item groupings are also known in advance, and the
bifactor model applies. Regardless of the number of testlets, the relevant integrals in the full-
information maximum marginal likelihood solution always reduce to 2 and can be approximated to
any practical degree of accuracy.

7.3 Analysis of Political Efficacy data using MCMC

7.3.1 Introduction

An increasing interest in fully Bayesian MCMC methods for estimating complex psychometric models
has significantly increased in recent years. These sampling-based methods are more flexible and can
provide a more complete picture of the posterior distributions (see Section 7.3.3) of all parameters in
the model than maximum marginal likelihood estimation methods. They can be applied in situations
(e.g., small sample size) where the likelihood methods tend to break down. The samples produced by
the MCMC procedure can also be used creatively for conducting model fit diagnosis (e.g., posterior
predictive checking), model selection, and model-based prediction.

The mcmc algorithm implemented in IRTPRO is based on the Patz-Junker's (1999-a, 1999-b) blocked
Metropolis algorithm. The methodology developed in IRTPRO to impose parameter constraints and to
implement multiple-group features enables the user to fit specialized IRT models using MCMC.

7.3.2 Multiple Groups Confirmatory Factor Analysis (CFA)

To illustrate the data analysis in this section, a Political Action Survey dataset, called
efficacy_6Countries.ssig located in the folder IRTPRO Examples\By DataSet\Efficacy is used. This data
is a subset of 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; Aish,
A.M., & Joreskog, K.G. (1990)).

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. All data was
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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, and in addition,
the countries West Germany and Austria are not included.

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
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: | do not think that public officials care much about what people like me think
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:

AS: agree strongly

A: agree

D: disagree

DS: disagree strongly
DK: do not know

NA: no answer

In what follows, these responses were respectively coded 1, 2, 3, 4, -1, -1 where -1 is treated as a missing
value.

The first 15 rows of the data are shown below:

163



IRTPRO - [Efficacy_6Countries.ssig] =0 X

| ] File Edit Data Manipulate Graphics Analysis View Window Help | - & x|
ST R]

Country MOSAY | wOTING | COMPLEX | MOCare | TOUCH | INTEREST |

B 2 2 1 1 1 1 B
2 | 2 3 3 3 2 a
3 | E 2 2 3 3 3
1 |1 E E 2 3 F: 3
5 |1 2 2 1 2 2 2
L 2 2 1 1 2 1
7 1 2 2 1 3 3
g |1 2 2 2 2 1 2
3 |1 3 1 2 2 2 2

S E 2 " 2 2 1 1 i

1 b
[ INUM |

Country is used as the grouping variable. By right-clicking on the Country heading, three menu items
are obtained as shown below.

Country
Insert
1 Remove
]
Properties
4 N P
5 2 2

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

——
Name: [T A ~ | Benameu-l

Type: IFiXEd point LI Type: IDiscrete

Description: I Names of six countries

—Values

Ttem Count Label
1719 United States of America
1483 Britain
1201 The Netherlands
1290 Switzerland
1224 Finland
1779 Ttaly

Cancel
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From the main menu bar, select the Graphics, Bivariate... option to obtain the distribution of the six
items for each country.

- . . —

[l File Edit Data Manipulate [Graphics| Analysis View
- = - | Univariate...
Country HOSAY i

Bivariate...
2 N 2 3 Item Response
Il 3 3 2 &

By selecting this option, the Bivariate Graph window is displayed enabling one to select a grouping
variable (Country as the X-variable in this example) and a list of items (Y-variables) to be displayed
graphically. To illustrate, all six political efficacy items are selected as shown.

Select X Variable

’ Country

Select one or more Y Variable(s)

[¥]mosay
[¥]voTmG
[V]compLEX
[¥|noCARE
[¥]ToucH

Next, click the OK button to obtain the bar charts. Each chart presents the distributions of responses
over the four categories (agree strongly, agree, disagree, disagree strongly). From the main menu bar,
select Chart Type, Stacking Bar to obtain stacking bar representations for each country and the six

items.
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—IRTPROGmph-
Chart Type | Tools Help

Bar
Pie
v Stacking Bar -

@l Graph |Eg Table

Country ws NOSAY Country ws WOTING Country ws COMPLEX
oo 2000

By clicking on the Table icon (next to the Graph icon — see display above), the frequency counts for
each category of each item is displayed across the six countries. This information is shown below. For
example, the Italy (Country = 6) frequency distributions show 254 missing values for NOSAY and 220
for VOTING.
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Country NOSAY WOTING COMPLEX NOCARE TOUCH INTEREST
1 -1=39 -1=37 -1=21 -1=37 -1=77 -1=81
1 1=1758 1=283 1=343 1 =280 1=273 1=264
1 2=513 2=710 & =963 =70 & =841 Z=762
1 3=1857 3=6039 3=323 3=674 3 =482 =581
1 4=130 4=10 4=63 4=57 4=28 4=13
2 -1=58 -1=73 -1=44 -1=85 -1 =108 -1=43
2 1=21 1=218 1=312 1=205 1=278 1=280
2 2=693 2 =184 2=777 2=756 2=737 2=709
2 3 =488 3=289 3=310 3=404 3=347 3=377
2 4=33 4=18 4=40 4=33 4=1§ 4=24
3 -1=42 -1=4% -1=29 -1=101 -1=137 -1=124
3 1=171 1=195 1=262 1=158 1=197 1=147
3 2=479 2=634 2=h92 2 =447 2="h75 2=443
3 3 =460 =285 3=273 3=421 3 =287 3=443
3 4=49 4=138 4=45 4=36 4=25 4=44
4 -1=29 -1=56 -1=22 -1=52 -1=124 -1=104
4 1=347 1=371 1=495 1=354 1=325 1=343
4 2 =463 2=403 2=7394 2=418 2=h23 2=432
4 3=314 3=310 3=267 3=364 3=262 i=318
4 4=137 4=150 4=112 4=102 4="5f 4=93
b -1 =41 -1=31 -1=33 -1 =66 -1=76 -1 =ER
b 1=295 1=423 1 =368 1=2268 1=319 1=33
b 2=413 2=h812 2="ha8 2 =552 2="578 2=5119
b 3=425 31=23 3=198 =354 3=230 3=280
b 4 =50 4=18 4=37 4=26 4=21 4=28
i -1=254 -1=220 -1=187 -1=214 -1=247 -1=203
6 1=3086 1=341 1 =484 1 =402 1 =481 1=469
G 2=797 2=902 2 =158 2=18583 2 =163 2=834
G 3=3658 3=271 3=225 3=288 3=187 i=247
6 4=57 4=45 4=5h 4=24 4=15 4=26

It has been suggested in the political science literature that there are two components of Political
Efficacy: Internal Efficacy (here called Efficacy) indicating individuals self-perceptions that they are
capable of understanding politics and competent enough to participate in political acts such as voting,
and External Efficacy (here called Responsiveness) indicating the belief that the public cannot influence
political outcomes because government leaders and institutions are unresponsive (Miller, et al., 1980;
Craig & Maggiotto, 1982). With this view, NOSAY, VOTING and COMPLEX are indicators of Efficacy
and NOCARE, TOUCH and INTEREST are indicators of Responsiveness. Note that the statement NOCARE
contains two referents: public officials and people like me. This statement might elicit perceptions of
the responsiveness of government officials to public opinion generally, in which case the emphasis is
on the political actors, or it might express the opinions of people like me in which case the emphasis is
on the respondent. This issue will also be examined as part of the analysis.

This section specifically considers the situation where data on the same ordinal variables have been
collected in several groups (the six countries selected for the analysis). In general, the groups may be
different treatments or any set of mutually exclusive groups of individuals which are clearly defined.

It is assumed that the data is a random sample of individuals from each group. The objective is to
compare different characteristics across groups. In particular, the procedure to be described can be used
for testing factorial invariance and for estimating differences in factor means. This makes it possible to
answer questions like these:
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o Do the efficacy items measure the same latent variables in all countries?
o If so, are the factor loadings invariant over countries?
o Are the intercepts invariant over countries?

If these conditions are satisfied one can estimate differences in means, variances, and covariances of
the latent variables Efficacy and Responsiveness between countries. People who are low on Efficacy or
low on Responsiveness are expected to agree or agree strongly with the items. Hence, the items measure
these components from low to high.

Complete factorial invariance over the six countries should not be expected to hold for the following
reasons:

o The items are stated in different languages.
o Words may have different connotations in different languages.

o Other cultural differences between countries may lead to different response styles or response
patterns in different countries.

These reasons may imply that the items are interpreted differently in different countries.

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, for example, shown below.
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Multidimensional Analysis

Data File: I C:\IRTPRO Examples\By Dataset\Efficacy \Efficacy_SixCountries.ssig J Read file |

mcwC |

Deserption | Group || ems || Models || Scoring || Simulation |

Title:
Puolitical Efficacy Data from six countries

Comments:
CFA - 2 factors (Efficay and Responsiveness)

Options... rDK Cancel Run

Next, click on the Group tab and select Country as the grouping variable. Select country number 1
(United States of America) as the reference group.
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Multidimensional Analysis

MCMC |

List of variables:

Country
NOSAY
VOTING
COMPLEX
MNOCARE
TOUCH
INTEREST

| Description | Group I ltems ||Modelsl|5mﬁngl|5imulation|

Add > |

Data File: I CHIRTPRO Examples\By Dataset\Efficacy\Efficacy_SinCountries. ssig

Group:

Country

[Ref]Narne| Country | Dim

[v] G1

m

162

[1G3

[ 1G4

LSRN R S ol

LRSS R i )

4

I |

% |

J Read File |

Options...

o]

Cancel

Run

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.
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Multidimensional Analysis

Data File: I CHIRTPRO Examples\By Dataset\Efficacy\Efficacy_SinCountries. ssig J Read file |

MCMC |

| Description ||Gmup || ltems | Models 'Scoring ||Sirnulatior1|

Country
Grouping value: e -

ltem List | Categories  Data Codes | tem Scores| Model |
4 1234  0.1.23  Graded
VOTING 4 1234 0.1.23  Graded
COMPLEX 4 1234 01,23  Graded
NOCARE 4 1234 0,123  Graded
4
4

TOUCH 1,234 0.1.23 Graded
INTEREST 1,234 0.1.23 Graded

Constraints... | EFA.. | Bifactor. .. Apply to all groups |

Options... 0K I Cancel Run

Apply to All GroEEs . g'

Previous settings will be lost.
Do you want to continue?

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.
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Multidimensional Analysis

Data File: I CHIRTPRO Examples\By Dataset\Efficacy\Efficacy_SinCountries. ssig

MCMC |

| Description ||Gmup || ltems |

Scoring l| Simulation I

Country

Grouping value: I[G” i

YOTING
COMPLEX

TOUCH

ltem List | Categories  Data Codes | tem Scores| Model |
4 1234  0.1.23  Graded
4 1234 0.1.23  Graded
4 1234 01,23  Graded
NOCARE 4 1234 0,123  Graded
4 1,234  0.1,23  Graded
4 1,234 0,123  Graded

INTEREST

Constraints... | EFA.. | Bifactor. ..

Apply to all groups |

5

J Read File |

Options... 0K I

Cancel

Run

In order to change the estimation method from the default (Bock-Aitkin) to MCMC, check the
Options button (bottom-left on screen displayed above). Select the Estimation tab and select MCMC
as estimation method. Replace the default "tuning parameter” values with the values displayed in the

Estimation dialog shown below.
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|
EEETTR e

I Test: IMCMC

Estimation IStarting Value.sl| Priors || Miscellaneous” Save I

Estimation method: IMC—MC j

Control Parameters

MCMC Seed: 1967 :

Maximum number of cydes: | sqop z

e

Monte Carlo size for final 1200
log-ikelihood approx. :

Tuning Parameters

Burn-in: 3000 :
Thirnirg: 3 =
Metropolis sampler type: ISymmetric j

Proposal density std. dev.: [ 5

Default |

’

oK Cancel Apply

A listing of factor loadings will be displayed in the output file by proceeding as follows: select the
Miscellaneous tab in the Advanced Options window and click the Print Factor Loadings check box.
Also change the number of decimal places in the output listing from 2 (the default) to 3. Change the
number of processors to 1, see the Miscellaneous dialog below.
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e
| — -

Test: Jmcmc | Applytoal hestsl

| Estimation I|Stam'ng ‘u’alue.s|| Priors | Miscellaneous ' Save l

Mumber of decimal places in tabular listings: Ii,
3 -
Number of processors: |-| _l:l

[~ Print table of standardized residuals

[~ Compute Chen-Thissen LD and item fit statistics
[T Compute fimited-information overall mode! fit statistics

[T Frirt each iter's goodness of fit requency table

Mirimum expected value: |1

[V Print factor loadings
¥ Print parameter numbers
|v Print diagnostic information

[~ Print dump file [~ Priet full durnp file

In Section 7.3.2 two methods for simulating data are presented. One of these methods requires a —
prm.txt file that contains a list of values assigned to the parameters used to fit an IRT model. This file

will be automatically created by selecting Item parameter estimates via the Save tab.

-
v
B — -

Test: Juemc x| Applytoal testsl

| Estimation ||Startir|g ‘u’aluasl| Priors || Miscellaneous | Save I

Item parameter estimates (-prm.be)

] Asymptotic covariance matrix of the parameter estimates (-cov.bd)
[Information values, for unidimensional models only (-inf.bd)

[ Inter-item polychoric correlations, for EFA models only (-pol.bd)
I|:| Factor loadings (-fac.td)

] Main cutput in ASCI text format (-irtbet, -sss. b, or ssc.bd)

[ ] Debugging cutput (-dbg.bd)
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Next, click the OK button to return to the Models tab. 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.

-

# | item Parameter Constraints

|

Group: Country

Group, Item
G1, NOSAY
G1, VOTING
G1, COMPLEX
G1, NOCARE
G1, TOUCH
G1, INTEREST
G2, NOSAY
G2, VOTING
G2, COMPLEX
G2, NOCARE
G2, TOUCH
G2, INTEREST
G3, NOSAY
G3, VOTING
G3, COMPLEX
G3, NOCARE
G3, TOUCH
G3, INTEREST
G4, NOSAY
G4, VOTING
G4, COMFPLEX
|

a1

al ]
al 11
al 16
al 21
al 26
al 31
al 36
al 41
al 46
al 51
al 56
al 61
al 66
al 71
al 76
al 81
al 86
al 01
al 06
al 101

a2
a2
a2
a2
a2
a2
a2
a2
a2
a2
a2
a2
a2
a2
a2
a2
a2
a2
a2
a2
a2

12
17
22
27
32
37
42
47
32
37
62
67
72
77
a2
a7
92
a7
102

cl
cl
cl
cl
cl
cl
cl
cl
cl
cl
cl
cl
cl
cl
cl
cl
cl
cl

Set parameters equal across groups

c2
c2
c2
c2
c2
c2
c2
c2
c2
c2
c2
c2
c2
c2
c2
c2
c2
c2

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.

175



| | Ttem Parameter Constraints u

Group: Country
I
Item, Group -
NOSAY, G1 al 1 a2 2 €1 3 2 4
NOSAY, G2 al & a2 7 €1 2 9
NOSAY, G3 al 11 a2 12 €1 13 2 14
NOSAY, G4 al 16 a2 17 €1 18 2 19
NOSAY, G5 al 21 a2 22 €1 23 2 24
NOSAY, G& al 26 a2 27 €1 28 2 29
VOTING, G1 al 31 a2 32 €1 33 2 34
VOTING, G2 al 36 a2 37 €1 38 2 39 | __|
VOTING, G3 al 41 a2 42 €1 43 2 44
VOTING, G4 al 46 a2 47 €1 48 2 49
VOTING, G5 al 31 a2 32 €1 33 2 4
VOTING, G6 al 56 a2 37 €1 38 2 39
COMPLEX, G1 al a1 a2 62 €1 63 2 64
COMPLEX, G2 al 517 a2 a7 €1 68 2 a9
COMPLEX, G3 al 71 a2 72 €1 73 2 74
COMPLEX, G4 al 76 a2 77 €1 78 2 79
COMPLEX, G5 al 81 a2 82 €1 83 2 84
COMPLEX, Gb al 8a a2 87 €1 88 2 89
NOCARE, G1 al 91 a2 92 €1 93 2 94
NOCARE, G2 al 96 a2 97 €1 98 2 a9
NOCARE, G3 al 101 a2 102| «cl 103 <2 104|

Set parameters equal across groups

I
oK | Cancel |

Once the display changes from Group, Item to Item, Group, click on the Set parameters equal
across groups button to obtain the Item Parameters Constraints window shown below. Note, for
example that the slope parameters for each item corresponding to the first dimension (a1) are equal
across groups. Parameters constrained to be equal are shown in orange.

176



| Item Parameter Constraints 0 e

Group: Country

Item, Group
NOSAY, G1

NOSAY, G5
NOSAY, G6

Set parameters equal across groups

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:

Set Parameters Equal
Fix Value...

Set Parameters Free

Select the Fix Value... option to obtain a Starting Value text box that displays the default value of
0.0.
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4

[8 7 Ttem Parameter Constraints

'l- — o m

Group: Country

Item, Group

NOSAY, G1
NOSAY, G2
NOSAY, G3
NOSAY, G4
NOSAY, G5
NOSAY, G6
VOTING, G1
vorme. 4 Starting Value —
VOTING, Qi -

VOTING,

VOTING, Enter Value: I
VOTING, Cancel |
COMFPLEX,

COMPLEX, (L
COMPLEX, G3
COMFLEX, G4
COMFLEX, GO
COMFLEX, GO
N NOCARE, G1
NOCARE, G2
NOCARE, G3
<]

Set parameters equal across groups |

5 n

S

t]z

2
g
g

Click the OK button. Parameters that are set equal to a fixed value are displayed in red as shown in the
revised Item Parameter Constraints window shown below.
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# | Ttern Parameter tra

Group: Country

Item, Group
NOSAY, G1

NOSAY, G5
NOSAY, G6

Set parameters equal across groups

This procedure is repeated for all the a1 parameters of NOCARE, TOUCH and INTEREST. By default,
IRTPRO sets the means and covariance matrix of the reference group equal to a vector of zeroes and
the identity matrix, respectively. Finally, select the G1, covariance cell, right-click and select the Set
Parameters Free option.

Set Parameters Equal
Fix Value...

Set Parameters Free

The necessary constraints are now imposed. Click the OK button to return to the Models window.
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Group: Country

Item, Group

| | Ttem Parameter Constrain

G2, Means
G2, Cov

G3, Means
G3, Cov

G4, Means
G4, Cov

G5, Means
G5, Cov

Go, Means
G6, Cov

4

Set parameters equal across groups

o |

Cancel |

Click the Run button to start the analysis. Portion of the output, listing slope, intercepts, and the factor
loadings for the first country is displayed below.

Graded Model ltem Parameter Estimates for Group 1, logit: a8 + ¢ {Back to TOC)

c

ltem Label a, s.e. a, s.e. ¢, s.e. ¢, s.e. s s.e.
1 MNOSAY 4+ 1.502 0.057 0.000 — 1 2875 0.081  * 0.108 0.044 5 -3260 0.077
2 VOTING 8 1.020 0.044 0.000 — % 202 0.046 °© -0.676 0.035 7 -3233 0.066
3 COMPLEX 2 1.193 0.045 0.000 — & 18852 0.045 1 -1.042 0.040 " -3.341 0.073
4 NOCARE 0.000 — % 2232 0.073 ™ 3.046 0.074 ™ -0.690 0.053 ™ -4.866 0.104
5 TOUCH 0.000 — I 2397 0.076 7 2768 0.075 15 -1.624 0.059 = -5781 0.129
] INTEREST 0.000 — ¥ 272 0.091 ¥ 3.080 0.098 = -1.031 0.058 = -5597 0132
Factor Loadings for Group 1 (Back to TOC)
Item Label A se A, se
1 NOSAY 0.662 0.024 0.000 0.000
2 VOTING 0.514 0.028 0.000 0.000
3 COMPLEX 0.574 0.025 0.000 0.000
4 NOCARE 0.000 0.000 0.796 0.016
5 TOUCH 0.000 0.000 0.816 0.015
] INTEREST 0.000 0.000 D844 0.014
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The section of the output below contains the estimated latent variable means and variance-covariances.

Group Parameter Estimates; (Back to TOC)

Group Label Hy 5.E Ho 5.E
1 =1 0.000 —_— 0.000 —_—
2 G2 * -0.458 0031 = -0.192 0.034
3 G3 #-0.314 0.046 *= 0.047 0.037
4 G4 ® -0.608 0.059 3 -0.264 0.046
5 G5 10778 0.048 +# -0.357 0.038
6 Gh % -0.739 0.040 + -0.619 0.035

Latent Variable Variance-Covariance Matrix for Group 1

8, se. 8, se.

1.000 —
I 0.870 0.023 1.000 =

Latent Variable Variance-Covariance Matrix for Group 2

a, se 8, se

=

% .625 0.048
= 0E79 0.048 ¥ 0.948 0.067

Latent Variable Variance-Covariance Matrix for Group 3

8, se B, se

* [.8E9 0.091
#0654 0059 %= 0941 0.065

Latent Variable Variance-Covariance Matrix for Group 4

a, se a, se
#3308 0.268
#1781 0127 0 1810 0.115

Latent Variable Variance-Covariance Matrix for Group 5
a

1 se B, se

51424 0136
4 0925 0072 #0994 0.065

Latent Variable Variance-Covariance Matrix for Group 6

a, se 8, se

=

S 0941 0.081
2 0.810 0.062 * 0.967 0.068
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Model fit indices and a summary of the sample sizes, number of items selected in each group and
number of dimensions are listed below.

Model Fit Indices (Back to TOC)
Statistics based on MCMC output
-Zloglikelinood: 99233730
Akaike Information Criterion (AIC): 99333.730
Bayesian Information Criterion (BIC): 99687 261

Summary of the Data and Control Parameters (Back to TOC)

Group: Group 1 Group 2 Group 3 Group 4 Group 5 Group @
Sample Size 17149 1483 1201 12490 1224 17749
Mumber of ltems i] G G G G G
Mumber of Dimensions 2 2 2 2 2 2

Revised CFA model

As mentioned earlier, the items NOSAY, VOTING and COMPLEX are indicators of Efficacy and NOCARE,
TOUCH and INTEREST are indicators of Responsiveness. It was additionally pointed out and NOCARE,
TOUCH and INTEREST are indicators of Responsiveness. It was additionally pointed out that the
statement NOCARE contains two referents: public officials and people like me. This statement might
elicit perceptions of the responsiveness of government officials to public opinion generally, in which
case the emphasis is on the political actors, or it might express the opinions of people like me in which
case the emphasis is on the respondent. This issue will also be examined next.

To fit the revised model where NOSAY, VOTING and COMPLEX are indicators of Efficacy and NOCARE,
TOUCH and INTEREST are indicators of Responsiveness, a second test is inserted and renamed MCMC2.

Multidimensional Analysis

Data File: | C\IRTPRO Examples\By Dataset\Efficacy\Efficacy_SixCountries.ssig

mcMe | mcme2 L
Insert Test...
Descriptior| Delete Test hg ] Simulation

| Title: Rename

Political

o Manage Test...

1

Comments:

In this analyses it is assumed that NOSAY, VOTING, COMPLEX and NOCARE are indicators of
Efficacy and NOCARE, TOUCH and INTEREST are indicatars of Responsiveness.
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Repeat the instructions used to fit the first model (Test MCMC), except that only the a1 parameters of
TOUCH and INTEREST are set equal to zero as shown below.

B ' Item Parz

Group: Country

Item, Group
COMPLEX, G3

A portion of the output showing the Group 1 parameter estimates and the model fit indices is shown
next. Note that since equality constraints across groups were imposed, the estimates for the remaining
groups are identical to those of the first group.
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Graded Model ltem Parameter Estimates for Group 1, logit: a8 + ¢ {Back to TOC)

C

[tern Label 4, se. d, se. = se. c, se. 5 5.e.
1 MOSAY ¢ 1542 0.073 0.000 — 1 2824 0.074 * 0.066 0.055 3 -3208 0.086
2 VOTING 5 1.030 0.043 0.000 — 5 1.964 0.050 ¢ -0.704 0.043 7 -3251 0.068
3 COMPLEX 2 1.277 0.053 0.000 — % 1853 0.056 10 -1.076 0.043 11 -3.406 0.077
4 MOCARE ® 1.048 0.069 7 1.302 0.066 ' 3.264 0.077 ™ -0.479 0.064 ' -4676 0.100
5 TOUCH 0.000 — 7 2517 0.081 18 2897 0.094 12 1707 0.074 2 -6.058 0.144
] INTEREST 0.000 — B 2024 0.091 = 3338 0115 = 1125 0.083 2 -6.063 0.175

Factor Loadings for Group 1 (Back to TOC)

ltermn Label A, se. A, se
1 MNOSAY 0.672 0.030 0.000 0.000
2 YOTING 0.518 0.030 0.000 0.000
3 COMPLEX 0.601 0.027 0.000 0.000
4 MNOCARE 0.372 0.036 0462 0.035
5 TOUCH 0.000 0.000 0.829 0.014
f INTEREST 0.000 0.000 0.865 0.012

Model Fit Indices (Back to TOC)

Statistics based on MCMC output

-2loglikelinood: 8989823.323

Akaike Information Criterion (AIC): 99025 323

Bayesian Information Criterion (BIC): 99385.924

The table below is a summary of the fit statistics for the four estimation methods available in IRTPRO.

Estimation Method -2Ln(L) -2Ln(L1) Difference
First Test Second Test

MCMC 99233.73 98923.32 310.41

MHRM 99265.31 98943.91 321.40

ADAPQ(8) 99231.07 98913.00 318.07

BAEM 99224.68 98912.91 311.77

The y* difference test for the MCMC method yields a value of 99233.73 .81 — 98923.32 = 310.41. The
degrees of freedom for testing between which of the two CFA models provide the better fit is 1 (50
parameters were estimated in the case of the MCMC (Test 1) fit versus 51 for the MCMC (Test 2) model).
Since the y* difference test is highly significant, we conclude that the model that assumes that NOCARE
is an indicator of both Efficacy and Responsiveness provides a better fit when compared to the CFA
model where NOCARE is only an indicator of Responsiveness. Information-theoretic indices of fit (AIC
and BIC) also point to the same conclusion.
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7.3.3 MCMC Graphics

The mcmMmcC procedure produces the following four types of plots that can aid further convergence
checks:

Autocorrelation Plots
Trace Plots

Running Means
Posterior Densities

o O O O

To display McMC graphics the estimation method must be set to MCMC before running a
unidimensional or multidimensional analysis. On successful completion of the analysis, an output file
with extension -irt.ntm is produced. With the -irt.htm content displayed, select Analysis, MCMC
Graphs to obtain the four types of plots.

5 File Edit View Analysis | Window Help
= Graphs l
MCMC Graphs

IRTPRO Version 3.v
Output generated by IRTPRO estimation engine Version 5.10 (64-bit)

Project: Political efficacy data from six countries
In this analyses it is assumed that NOSAY, VOTING, COMPLEX and
Description: MNOCARE are indicators of Efficacy and NOCARE, TOUCH and INTEREST
| are indicators of Responsiveness.

To select all or a subset of the parameters from the list below, hold the shift key then click left on the
first and last item label in the set to be selected. In the dialog below all 50 parameters are selected.
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Click on any of the "boxes" on the left of the dialog to obtain the screen shown below. Alternatively,
all the items marked blue will also be selected if the space bar is pressed.

(P45,G5)vec_!
G C.

Click OK to display the Autocorrelations (the default display).
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Autocorrelation plots of the first 12 parameters:

7 Efficacy_SixCountriesCFAMCMC2-mco.txt - IRTPROGraphs D

File Edit View Graphs

SEIEIE

Chart Type

Tools Help

@i | Autocorrelation Plots

+[E| Trace Plots
4[] Running Means
+-- (ui] Posterior Densities

W Graph |ES Table
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1.0

10 20 30

Lag

50

(P1ETNDSAY_c1

05

i}

05

(PRGTVOTING_c1

08

i}

05

Lag

(P9.G1)COMPLEX_c1

05

0.0

05

(P2.G1NOSAY_c2

05

oo

05

[PEGTWOTING_c2

05

oo

05

Lag

[P10,G1ICOMPLER,_c2

05

oo

05

(P2G1NOSAY_c3

05

ik}

05

i

Lag

[F7.GINWOTING o3

05

i}

05

i

Lag

[P11,G1)COMPLER,_c3

05

0o

05

(P4G1INOSAY_a1

05

ik}

05

[PE.GIMOTING_al

05

i}

05

Lag

(P12,G1)COMPLES_s1

05

0o

05

187



Sample autocorrelation is a statistic that estimates the theoretical autocorrelation. The sample lag-h

autocorrelation is given by

The sample autocorrelation coefficient measures the similarity between MCMC draws as a function of
the time separation between them. It should be expected that the h-th lag autocorrelation is smaller with
increase in h (for example, the 2nd and 30th draws should be less correlated than the 2nd and 4th draws).
If autocorrelation is still relatively high for higher values of k, this indicates a high degree of correlation
between draws and therefore slow mixing.

Trace plots of the first 12 parameters are given below.
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Each trace plot displayed above shows the values the relevant parameter took during the runtime of the
chain. The red line is the mean (parameter estimate) of all the MCMC draws. See Section 12.3 for a
more detailed description of trace plots.
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Running Means for the first 12 parameters

Running mean plots are used to check how well the MCMC chains are mixing. The Running Means
plot updates the means and standard deviations for each new cycle. In other words, once (for example)
the mean is known for the first 50 observations, it is updated using a special algorithm by just adding
the value of the next observation, and so on. The plots above show the means (blue line) + or — one
standard deviation. See Section 12.4 for more information on running means.
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Posterior marginal distributions of the first 12 parameters

The plots displayed below are usually called marginal density plots. It is the histogram of the values in
the trace-plot, i.e., the distribution of the values of the relevant parameter in the chain.
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7.3.4 Simulation studies

The set of parameters obtained by any IRT model that can be fitted by IRTPRO forms the basis for
simulating a dataset with the same number of items and groups. Two methods for simulating data are
available:

o Calibration followed by simulation
o Simulation based on a parameter file

Suppose that a researcher plans to simulate five datasets based on the first CFA model fitted in Section
7.3.2 , that is NOSAY, VOTING and COMPLEX are indicators of Efficacy and NOCARE, TOUCH and
INTEREST are indicators of Responsiveness. Open the corresponding syntax file saved as
Efficacy_SixCountriesCFA.irtpro in the folder IRTPRO Examples\By Dataset\Efficacy.

From the main menu bar select the Analysis, Multidimensional IRT ... option and select the test
MCMC.
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(250 e sl

B File Edit IAnaIg,rsis View Window Help
O=EE | Traditional Summed-5core Statistics..,
Project: Unidimensional IRT...

Name Multidimensional IRT...

| pata: IRT 5corning...

File IRT Simulation...
Analysis: Advanced Options...

Name | ¥ Show Progress Box

Mode

Run b

Title: Graphs

Political "Efficacy Data Irom 91X Countries

Comments:
CFAL - 2 factors (Efficay and Responsiveness)

The Description tab shown below contains the information entered in Section 7.3.2. This also applies
to the Group, Items and Models tabs in the Multidimensional Analysis window.

i —
J Reead file |

Data File: I C:\IRTPRO Examples\By Dataset\Efficacy\Efficacy_SixCountries, ssig

| McMC2 |

| Description I|Gmup l| ftems l| Mndalsl|5mrlng| Simulation

¥ Simulation
Group: Country Examinees | ~
[G1] United States of America 1715
[G2] Eritin 1483
[G3] The Metherands 1201
[G4] Switzedand 1230 ~|

Mumber of replicate datasets: |5

Random number generator’s seed faor:

Latent variable deviates: |2153.|] MNew seed |
Creating item responses: |4T"3 MNew ssed |

Percentage missing values: |5

¥ Save as “simul ssig files

QOptions...

Cancel Apply
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To do simulation as part of the calibration phase, select the Simulation tab. Currently IRTPRO assumes
that the user using this mode of simulation are interested in simulating the same number of observations
per group as contained in the real dataset. These values (shown as Examinees) can therefore not be
changed (calibration + simulation), although it can be changed using the second method (simulation
based on a parameter file).

The Simulation dialog shown below allows the user to control the following properties of the
simulation procedure:

Number of replicate datasets

Percentage missing values

Option to create files in the IRTPRO .ssig format
Random number generator seeds

o O O O

Enter the values as shown above and click OK to return to the revised syntax file, part of which is
shown next.

[ A rrPRO - [Efrcacy_slxc.auntnescr.a..mpm | Ll_lﬂ

5 File Edit Analysis  View Window Help

0= S %

Simulation:
MEReplicates = 5;

| NExaminees[G1l] = 1719%; Al
NExaminees [G2] = 1483; L
1 NExaminees [G3] = 1201;
| NExaminee=s[G4] = 1290; 1
] NExaminees [G3] = 1224;
i NExaminees [G&] = 1779;
PercentMissing = 5;
1 LVSeed = Z1530;
IESeed = 473;
Savehs — S31IG;

T I

MNUM

To run the analysis (both Calibration and Simulation), select the Analysis, Run Test "MCMC"
option:
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| 7] IRTPRO - [Efficacy_SixCountriesCFA.irtpro *]

5 File Edit [Analysis| View Window Help
O=: Traditional Summed-5core Statistics...
Broject: Unidimensional IRT...
Name Multidimensional IRT...
Data: IRT Scoring...
File IRT Simulation...
Analysis: Advanced Options...
Name | ¥ | Show Progress Box
l Mode
| Run 4
Title: Graphs

Political "Efficacy Data Lrom SiX COUNLEL

Comments:

CFL — 2 factors (Efficay and Responsiven

1. Test "MCMC"
2, Test "MCMC2"
All Tests

Test...

===

As part of the output —irt.htm (calibration details) and —sim.htm (simulation details) files are created
and displayed. Note that one can only access Analysis, MCMC Graphs from the main menu bar if the
active display is an —irt.htm file based on MCMC estimation.

A portion of the —sim.htm output is given below.

Project: Palitical Efficacy Data from six countries
Description: CFA - 2 factors (Efficay and Responsiveness)
Date: 10 December 2014

Time: 08:43PM

Table of Contents
Graded Model ltem Parameter Estimates for Group 1, logit: a8 + ¢

Graded Maodel tem Parameter Estimates for Group 2, logit: ad + ¢
Graded Maodel tem Parameter Estimates for Group 3, logit ad + ¢
Graded Model ltem Parameter Estimates for Group 4, logit: a8 + ¢
Graded Model ltem Parameter Estimates for Group 5, logit. a8 + ¢
Graded Maodel tem Parameter Estimates for Group 6, logit: ad + ¢
Group Parameter Estimates:

Summary of the Data and Caontrol Parameters

Graded Model tem Parameter Estimates for Group 1, logit: a8 +

¢ (Back to TOC)

ltermn Label 4, 4, c, c, C,
1 NOSAY 1.502 0.000 2.875 0.108  -3.260
2 VOTING 1.020 0.000 2012  -0676  -3.233
3 COMPLEX 1.193 0.000 1.852 -1.042 -3.341
4 MOCARE 0.000 2232 3.046 -0.690 -4 366
5 TOUCH 0.000 2.397 2.768 -1.624 -5.781
G INTEREST 0.000 2672 3.080 -1.031 -5.597
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To view any one of the five simulated datasets, select the File, Open option and change the file type
to IRTPRO Data File (*.ssig). In the dialog shown below, the first replicate dataset is selected.

Simulated datasets al have extension -simuli.ssig, where i =1, 2, ..., nreplicates.

In case of a single group analysis, the first two column headings are Replicate and CaseNum followed
by the names of the items selected for analysis. The first three column headings for a multiple groups
analysis are Replicate, Group and CaseNum.

rE Open‘

Uy

Organize »

Bl Desktop
& Downloads

=
1= Recent Places

. Libraries
@ Documents

J‘ Music

[E=] Pictures

E Videos

l% Homegroup

18 Computer
P Y (@)

Mew folder

s

Mame

|| Efficacy_6Countries.ssig

|| Efficacy_SixCountries.ssig

Date modified

11/23/2014 6:31 PM
11/25/2014 10:57 ...

551G File
S5IG File

|| Efficacy_SixCountriesCFAMCMC-simull....

12/10/2014 9:28 PM

531G File

|| Efficacy_SixCountriesCFAMCMC-simul2....
|| Efficacy_SxCountriesCFAMCMC-simul3....
|| Efficacy_SxCountriesCFAMCMC-simuld....
|| Efficacy_SxCountriesCFAMCMC-simul5....
|| Efficacy_SxCountriesCFA.ssig

12/10/2014 9:28 PM
12/10/2014 9:28 PM
12/10/2014 9:28 PM
12/10/2014 9:28 PM
12/4/2014 3:17 PM

551G File
551G File
551G File
551G File
551G File

- q

L}

3

File name: Efficacy_SixCountriesCFAMCMC-simull.ssig ’]RTPRO Data File (*.ssig)

7]

Com 1 |

Cancel ]

The spreadsheet below shows the last 2 records for group = 1 and the first 10 records for group number
2. Note that a value of -1 is assigned as the missing value code.

E IRTPRO - [Efficacy_SixCountriesCFA.MCMC-simul1.ssi
nl File Edit Data Manipulate Graphics Analysis View Window Help

EEIEEEIEED

Replicate | Group

| CazeMum |

NDSAY |

VOTING | COMPLEX | NOCARE |

TOUCH

| mrEREST | -

1718

1719
1720
1724
1722
1723
1724
1725
1726
1727
1728
1729

RS O Y A i i i i i i Ry

oo TaeTe T e e e T=T=

1718
1713

et T e o =Tl sT=]

T
=

I = 'S =% = e pure = pure pure pure pur

([P Pt e By s e, e By e e

S = B TR Iy e g = r— o gy

[ T L R == = T e R e R S R
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To compare the frequency distribution of the items with those obtained with the real dataset, select the
Graphics, Bivariate option. From the bivariate graph dialog, select Group as the X-Variable and the
items NOSAY to INTEREST as the Y-variables.

Graphics | Analysis  View 1\

Univariate...
Brearate...

Itern Response

In the display below a stacking bar representations of Group versus NOSAY (left panel) and Country
versus NOSAY (right panel) are shown. Note that the difference in colors selected to represent the four
categories of NOSAY is because in the real data set the categories are coded 1, 2, 3 and 4, respectively.
In the analysis (see left pane above), these values are recoded to 0, 1, 2 and 3.

Group vs NOSAY Country ws NOSAY
1800 1800
1600 1600
1400] 1400
1200] 12001
= 1 Ef 1
2 1000 £ 1000
g ] g ]
£ 800 2 800,
g0 600
400 400
500 200
1] i
1 2 3 4 5 & 1 2 3 4 5 E
N1 OO0 m1 0Oz O3 M+ @y Oz O3 0O+

Simulation based on a parameter file

In this section, use is made of the IRTPRO dataset Efficacy 6Countries.ssig, and the parameter
estimates, obtained as described in the Section 7.3.2, are read from a —prm.txt parameter file.
Simulation is accomplished by selecting the Analysis, IRT Simulation... option from the main menu
bar.

Start by opening the IRTPRO data file Efficacy 6Countries.ssig located in the folder IRTPRO
Examples\By Dataset\Efficacy\. If this file is still open from a previous session, close it first and
then re-open it, otherwise the IRT Simulation... option might be disabled.

195



IAnaI:.rsis View Window Help

Traditional Summed-5core Statistics...

Unidimensional IRT...
Multidimensicnal IRT...
IRT Scoring...

IRT Simulation...

Advanced Options...
v Show Progress Box

Use the Rename option (obtained by right-clicking next to an existing Testl tab to rename a test)
and rename the Test1 tab to SIMUL, then enter a title and comments as shown below.

[ Simulation < » -
Data File: I C:\IRTPRO Examples'\By Dataset\Efficacy \Efficacy_sCountries.ssig J Read fil |
siMuL |
Description IGmup || tems || Models || Scoring || Simulation |

Title:

Simulation mode - parameters read in from -prm bt file

Comments:

Political efficacy data. Parameters obtained by fitting a twofactor] CFA model
to the data.

Options... | Ok I Cancel | Fun |

Next, click on the Group tab and select Country as the grouping variable. Select country number 1
(United States of America) as the reference group.
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r© H '.
Simulation x

Data File: I C:\IRTPRO Examples\By Dataset\Efficacy\Efficacy_6Countries. ssig J Read file |
siMuL |
| Deseription | Group I ltems I| Modelsl|5c:on'ng I|5imu|a’r.ion|
List of variables: Group: > |
Courtry Courtry 4+
NOSAY
VOTING 3
COMPLEX Add = |
NOCARE
TOUCH
INTEREST
[Ref] Namel Country | Dim | -
Gl 1 2 L
[1G2 2 2
[1G3 3 2
]G4 4 2 -

Options... oK I Cancel Run

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.
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Simulation

Data File: I C:\IRTPRO Examples'\By Dataset\Efficacy\Efficacy_6Countries. ssig

J Reead file |

siMuL |
| Description I| Group | lems I Models I| Scoring I| Simulation I
Courtry
Grouping value: G111 -
List of variables: fems: > |
NOSAY NOSAY +
WOTING VOTING
COMPLEX COMPLEX +
NOCARE Add x> | NOCARE
TOUCH TOUCH
INTEREST INTEREST
Mumber of latent
dimensions:
P
Apply to all groups
Options... oK I Cancel Run

_
Apply to All Groups .

Previous settings will be lost.
Do you want to continue?

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.
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Simulation

SIMUL |

Courtry
Grouping vae: :
ltem List | Categories | Data Codes fem Scores| Model |

4 1.2.3.4 0.1.23 Graded
VOTING 4 1.2.3.4 0.1.23 Graded
COMPLEX 4 1.2 3.4 0.1.23 Graded
NOCARE 4 1.2 3.4 0.1.23 Graded
TOUCH 4 1.2 3.4 0.1.23 Graded
INTEREST 4 1.2.3.4 0.1.23 Graded

Bead parameter values... Applyto =l groups

Data File: I C:\IRTPRO Examples'\By Dataset\Efficacy\Efficacy_6Countries. ssig

| Description || Group || kems | Models | Scoring || Simulation |

Options...

o]

Cancel Run

Next, click the Read parameter values... button (lower right-hand corner just below the Item List

column) to activate the Open dialog.

riCZIpen p

Organize - Mew folder

" . 9 _ N b
(R ). « RIPRO Empes » by Dot » Eiicay <[ | seoniico 5|

=~ 0 @

- Libraries
@ Documents
Jl Music
[ Pictures

B Videos

#& Homegroup

18 Computer
& o5 ()

o Name

~

Date modified

Type

| | | Efficacy_SixCountriesCFAMCMC-prm.bd

12/14/2014 1:46 PM  Text Document

- 4]

LLLJ

File name: Efficacy_SixCountriesCFAMCMC-prm.txt

- ’Palametel File (*-prm.tet) (*-pn VI

[ Open |vl l Cancel ]

199



Click the Open button to return to the Simulation window. Select the Simulation tab and make the
following selections:

Number of Examinees = 1000, 800, 700, 600, 500 and 1200 respectively
Number of Replicate Datasets = 5 (default = 1)

Percentage missing values = 7 (default = 0)

Check the save as —simul.ssig files (default is -simul.txt)

Select Random number generator seeds (defaults = 4987 and 7681)

O O O O

[ Simulation 2 )
Data File: I C:\IRTPRO Examples'\By Dataset\Efficacy \Efficacy_6Countries. ssig J Read fil |
smuL |
| Description I|Group l| ftems l| Mndalsl|5€.nring| Simulation

¥ Simulation
Group: Country Examinees |~
[G1] United States of America 1000
[G2] Britain 300
[G3] The Metherdands 700
[G4] Switzedand 500 |

Mumber of replicate datasets: |5 Percentage missing values: I‘;

v Save as *simul ssig files
Random number generator’s seed faor:

Latent variable deviates: I.ﬂg? New seed |
Creating item responses: |?681 MNew seed |

Options... OK I Cancel Run

Selections of the output are shown below:
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IRTPRO Version 3.0

Output generated by IRTPRO estimation engine Version 5.10 {64-bit)

Project: Simulation mode - parameters read in from -prm. .t file

Description: Puolitical efficacy data. Parameters obtained by fitting a two-factor CFA
model to the data.

Date: 14 December 2014

Time: 01:55 PM

Table of Contents
Graded Model ltem Parameter Estimates for Group 1, logit a8 + ¢

Graded Model ltem Parameter Estimates for Group 2, logit a8 + ¢
Graded Model ltem Parameter Estimates for Group 3, logit a8 + ¢
Graded Model ltem Parameter Estimates for Group 4, logit a8 + ¢
Graded Model ltem Parameter Estimates for Group 5, logit a8 + ¢
Graded Model ltem Parameter Estimates for Group 6, logit ad + ¢
Group Parameter Estimates:

Summary of the Data and Control Parameters

Graded Model ltem Parameter Estimates for Group 1, logit: a8 + ¢ (Back to TOC)

lterm Label a, g, C, C, 3
1 MNOSAY 1.50 0.00 287 0.11 -3.26
2 YOTING 1.02 0.00 2.01 -0.68 -3.23
3 COMPLEX 1.189 0.00 1.85 -1.04 -3.34
4 MNOCARE 0.00 223 3.05 -0.649 -4 87
5 TOUCH 0.00 2.40 277 -1.62 -5.78
i INTEREST 0.00 267 3.08 -1.03 -5.60
Summary of the Data and Control Parameters (Back to TOC)
Group: Group 1 Group 2 Group 3 Group 4 Group 5 Group 6
Mumber of Examinees 1000 200 700 600 500 1200
Mumber of ltems ] G G ] G G
Mumber of Dimensions 2 2 2 2 2 2
Group 1
Item Label Categories Maodel
1 MOSAY 4 Graded
2 VOTING 4 Graded
3 COMPLEX 4 Graded
4 NOCARE 4 Graded
5 TOUCH 4 Graded
f INTEREST 4 Graded
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7.4 Testlet Response Theory (TRT) analysis of the PISA data

The Program for International Student Assessment (PISA), conducted triennially by the Organization
for Economic Co-operation and Development (OECD) since year 2000, is an international
educational assessment system that focuses on the 15-year olds' reading literacy, mathematics
literacy, and science literacy. The format of the PISA can be best described as testlet-based. A testlet
in this instance is a collection of test items organized around the same stimulus. For instance, it is
standard practice in reading assessments to base several questions on one reading passage so that
each question can measure a different aspect of the examinee's comprehension of the passage. PISA
is noteworthy in that testlets are employed in all three sections namely reading, math, and science.
For instance, a typical form of PISA mathematics assessment (in year 2000) consists of 14 items that
can be divided into five testlets made up of nonoverlapping sets of items. Some testlets are longer,
with more than two items, and some are shorter, with only 2 items. Critically, an item belongs to
one and only one testlet.

Section 6.2 provides a more detailed description of the data. The analysis of a testlet response theory
(TRT) model based on the PISA data is given in this section. For the TRT analysis, a multidimensional
model for more than one group is fitted. The mean and variance of the primary math dimension is
freely estimated in the UK group and the additional dimensions are there to account for local item
dependence in the same testlet.

The dataset PISAMathBook1USUK ssig is located in the folder IRTPRO Examples\By Data
Set\PISA MathBook1\. To start the analysis open this file and from the main menu bar select the
Analysis, Multidimensional IRT ... option.

[a°] File Edit Data Manipulate Graphics View Window Help
D= E| | ? Traditional Summed-5Score Statistics... [

| Cubs! | Cube3 | Cubet | Unidimensional IRT... |
Multidimensional IRT...
IRT Scoring...

Advanced Options...

o ||| =
e =]
- = = == o
o - o o = o
o - = o o o

v Show Progress Box

Once this option is selected, the following message will be displayed if the analyses described in
Sections 6.2.1 to 6.2.3 were performed.

O
Use Saved Command File (——

A command file
PISAMathBooklUSUK.irtpro
is found in the following folder
CAIRTPRO Examples\By Dataset\PISA MathBook1\,

Do you want to use this file?
Press [No] to save command with a new name
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Click Yes to use the same command file. This action produces the Multidimensional Analysis
window. To proceed, right-click next to the Rasch test tab (right-hand side) to insert a fourth test.
The default tab is Test4. Rename to TRT by right-clicking this tab and then selecting the Rename
option. Once done, add a title and (optional) comments.

Multidimensional Analysis " » . @

Data File: | C:\IRTPRO Examples\By Dataset\PISA MathBook 1\PISAMathBook 1USUK. ssig

Traditional || IRT ||Rasch| TRT |

Description ]Group || tems. || Models || Scoring || Simulation |

Title:
P-group Testlet |

Comments:

This TRT model is equivalent to a Bifactor analysis model, but for illustrative
purposes constaints are imposed here by the user

Options... oK | Cancel | Run |

LS = = =

e e e e e a—

Once this action is completed, click the Group tab, and select Country as the grouping variable (1 =
US, 2 = UK). Next, use the Items tab to select the 14 items for the first group and the click the Apply
to all groups button to select the same set of items for the UK group. As mentioned at the start, the
14 items can be regarded as consisting of five testlets. The five testlets are as follows:

Testlet 1: Cubel, Cube2 and Cube3
Testlet 2: Farms1 and Farms4

Testlet 3: walkingl and Walking3
Testlet 4: Apples1, Apples2 and Apples3
Testlet 5: Grow1, Grow3 and Grow?2

o O O O O

In what follows, we postulate that there are six factors, the first being a general mathematics
achievement factor and the last five describing each testlet. It is further assumed that these testlets
are mutually uncorrelated. The testlets are related to the general factor, but the testlet-specific factors
in the TRT model are not correlated with the first/general dimension. This assumption allows one to
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solve the likelihood and derivatives equations using two-dimensional, rather than six-dimensional
quadrature. Note that the item Continent is assigned to the general factor only.

Before proceeding to the Models tab, change the Number of latent dimensions to 6 as shown.

i == B
Data File: | C:\IRTPRO Examples'By Dataset\PISA MathBook 1\PISAMathBook 1USUK.ssig J Read file |
Traditonal || IRT || Rasch| TRT |
| Description ||Group | tems 'Models”Scoring I|Simu|atior1|
Country

Grouping value: G111 -

List of variables: tems: by |

Cubel Cubel ,

Cube3 Cubel

Cubed Cubed +
Fams1 Sdd | Fams1
Fams4 Famnsd

Walking1 Walking1

Walking3 Walking3

Apples Numbe_r of latent Apples1

Aoples? dimensions: Apples? g

Apples3 = ar »

Continert - |5 _|:'

4 [Tl 3 Apply to all groups |

Options... CK I Cancel Run

For illustrative purposes, the default model types (2PL and Graded) are used.
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g — ™

Data File: | C:\IRTPRO Examples'\By Dataset\PISA MathBook 1\PISAMathBook 1USUK. ssig J Read file |

Traditional || IRT ||Resch| TRT |

| Description ||Group I| ftems | Models ISGOI'ing I|5imu|ationl
Country
Grouping value: I[G-|] 1 ;I
ltem List | Categories | Data Codes | ltem Scores| Model | 4
Cubed 2 0.1 0.1 2PL
Fams1 2 0.1 0.1 2PL
Fams4 2 0.1 0.1 2PL
Walking1 2 0.1 0.1 2PL
Walking3 4 0,123 0,123 Graded
Apples 2 0,1 0.1 2pL
Apples? 2 0.1 0.1 2pL
Apples3 3 0,12 0.1.2 Graded hd
Constrairts. .. | EFA.. | Bifactor... Apply to all groups

Options... CK I Cancel Run

To specify that the five testlets are mutually uncorrelated, contraints are imposed on the slope
parameters. Access to the Item Parameter Constraints window is obtained by clicking on the
Constraints... button in the Models window.

r ol
Group: Country
||
Group, Ttem | | -
G1, Cubel al 1 ‘a2 2 a3 3 a4 4 |ad 5 |ab 6 c 7
Gl, Cube3 al 8 a2 9 a3 10 a4 11 |a5 12 a6 13 ¢ 14 L
G1, Cubed al 15 |a2 16 a3 17 a4 18 | a5 19 | a6 20 ¢ 21 3
G1, Farmsl al 22 | a2 23 |a3 24 a4 25 |ad 26 | ab 27 ¢ 28
G1, Farms4 al 29 | a2 30 a3 31 a4 32 | a5 33 a6 3 | c 35
G1, Walkingl | al 36 a2 37 a3 38 a4 39 | a5 40 | a6 4 | c 42
G1, Walking3 | al 43 a2 44 a3 45 a4 46 | a5 47 a6 48 | cl 49 |2 50 |3 51
G1, Applesl al 52 | a2 53 a3 54 a4 55 | a5 56 | a6 57 |c 58
G1, Apples2 | al 59 |az2 60 a3 61 a4t 62 | a5 63 a6 64 c 65
G1, Apples3  al 66 | a2 67 a3 68 a4 69 | a5 70 a6 71 |a 72 |2 73
G1, Conii al 74 | a2 75 |a3 76 a4 77 |ad 78 a6 79 cl 80 |c2 81
G1, Growl al 82 a2 83 a3 B84 a4 85 |ad 86 | ab 87 ¢ 88
G1, Grow3 al 89 a2 90 a3 91 a4 92 | &5 93 a6 94 c 95
G1, Grow2 al 96 a2 97 a3 98 a4 99 | a5 100 a6 101 1 102| 2 103 -
Set parameters equal across groups

Double-click the Group, Item button to change the sorting order to Item, Group. Once this is done,
click the Set parameters equal across groups button and then start by selecting all the a2 cells
below the Cube4, G2 cell. Right-click and from the drop-down menu, select the Fix Value... option.
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The default value is 0.0 and by clicking OK, all the selected cells will become red in color and show
a value of 0.0.

| Ttem Parameter Constraints

Group: Country I

Item, Group
i

Set Parameters Equal

Fix Value...
Set Parameters Free

é;'

Wwalking3, G2

Set parameters equal across groups

Repeat this procedure for testlets 2 to 5 by fixing all the cells, not belonging to a specific testlet,
equal to zero as shown below.
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.
|
Group: Country
Group, Item | -
G1, Farmsl  [al s7E a3 57 c 12
G1, Farms4  [al 59 E a3 59 c 15 tl
N G1, Walkingl a1 66 a4 66 c 18 i
| G1, Walking3 |al 66 [ a4 66 c 21 @ 22 3 23
G1, Applesl1 | al 71E a5 4 26
G1, Apples2 | al 74 E a5 C 29
G1, Apples3 [al 77E a5 c 32 @ 33
G1, Continent |[al 34 B a c 35 2 36
G1, Growl al 84 ! a C 39
Gl, Grow3 |al 86 E a c 42
Gl, Grow2 |al a0 a a6 c 45 2 46
G2, Cubel | al 48 a2 48 a c 3
G2, Cube3 |al 51 a2 51 a c 6
G2, Cubed | al 53 a2 53 a a6 c 9
G2, Farmsl  [al 57 a3 57 a c 12
G2, Farms4 ol 59 [ a3 59 a c 15
G2, Walkingl | al 66 | a4 66 a6 4 18
G2, walking3 |al 66 | a4 66 B a6 c 21 22 a3 23
G2, Applesl1 | al 71E a5 a6 C 26
G2, Apples2 | al 4 E a5 ab 4 28
G2, Apples3  al 77k as ab cl 32 c2 33 E
G2, Continent |[al 34 E a c 35 @2 36
G2, Growl |al 84 B a6 84 ¢ 39
G2, Grow3  |al 86 a6 86 ¢ 42
G2, Grow2 |al 90 [ a6 90 cl 45 c2 46
G1, Means
Gl, Cov | |
@22 100 |
a3 0
ot 102
053 00 |c54 00 [PEERRERUE
o63 00 [o64 00 [o65 0.0 [SItY
G2, Means w1 55
G2, Cov all 99
22 100
32 00 EEREL
TR
55 103
63 00 |c64 00 66 104 -
-

Set parameters equal across groups]

A crucial step for the TRT model involves setting all the second tier slopes equal to each respective
item's general factor slope, as shown above. Note also that the variances of factors two to six have
been freed, and set equal across groups.

When done, click the OK button to return to the Models window, then click the Options button to
obtain the Advanced Options window. Select the Estimation tab and set the number of quadrature
points equal to 21 and the integration range from - 5 to 5 (Maximum value: 5). Change the
Standard error estimation method to Xpd and select the Apply dimension reduction option and
set the number of general dimensions to 1 for both groups. Also change the convergence criteria
values to those shown below.
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d ™

Test: |TRT

Estimation ]Starting Values ﬂ| Priors "| Miscellaneous [|| Save ﬂ

Estimation method: | Bock-fitkin j

Converge information

Maximum number of cydes: | 5qp _IZI Convergence criterion: | g,001
M-Step maximum iterations: | 5p _%l Convergence criterion: [ _ns

Quadrature details
Mumber of points: | 21

- Maximum value: | g
|

Iv Apply dimension reduction

Standard errors: |}{pd ﬂ
Group Gen Dim
G1 1
G2 1
Default
N
I OK Cancel Apply | i

Click OK and then the Run button to start the analysis. Portions of the output are shown below.
First, the parameter estimates and estimated standard errors are given for all the items that have only
two categories (2PL model) followed by the parameter estimates for the items associated with the
Graded model.

2PL Model Iltem Parameter Estimates for Group 1, logit: a@ + ¢ (Back to TOC)

Item Label ai s.e. a s.e. as s.e. a s.e as s.e. as s.e ¢ s.e.
1 Cubel 200.990.12 22 0.99 0.12 0.00 ----- 0.00 ----- 0.00 ----- 0.00 ----- 1 0.62 0.10
2 Cube3 223.341.08 223.341.08 0.00 ----- 0.00 ----- 0.00 ----- 0.00 ----- 2 351 1.05
3 Cube4 221240.15 2124015 0.00 ----- 0.00 ----- 0.00 ----- 0.00 ----- 3 -1.26 0.15
4  Farmsl 2247 0.35 0.00 ----- 24247 0.35 0.00 ----- 0.00 ----- 0.00 ----- 4 -0.01 0.17
5 Farms4 250.750.09 0.00 ----- %0.75 0.09 0.00 ----- 0.00 ----- 0.00 ----- 5 0.20 0.08
6  Walkingl ¢ 2.65 0.20  0.00 ----- 0.00 ----- %6 265 0.20 0.00 ----- 0.00 ----- 6 -2310.22
8 Applesl 2" 1510.15 0.00 ----- 0.00 ----- 0.00 ----- 27151 0.15 0.00 ----- 100.25 0.12
9 Apples2 8276 0.28 0.00 ----- 0.00 ----- 0.00 ----- 28276 0.28 0.00 ----- 11..3.27 0.31
12 Growl %0 1.250.13 0.00 ----- 0.00 ----- 0.00 ----- 0.00 ----- 80 1.25 0.13 7 -0.04 0.11
13 Grow3 3% 1.530.16 0.00 ----- 0.00 ----- 0.00 ----- 0.00 ----- 811,53 0.16 ® 0.31 0.12
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Graded Model Item Parameter Estimates for Group 1, logit: a® + ¢ (Back to TOQC)

ltem Label ai s.e. az s.e as s.e. as s.e. as s.e. as s.e.
7 Walking3 26 2.65 0.20 0.00 ----- 0.00 ----- % 2.65 0.20 0.00 ----- 0.00 -----
10 Apples3 2° 3.05 0.37 0.00 ----- 0.00 ----- 0.00 ----- 29 3.05 0.37 0.00 -----
11 Continent ¢ 1.97 0.17 0.00 ----- 0.00 ----- 0.00 ----- 0.00 ----- 0.00 -----
14 Grow2 32 0.88 0.08 0.00 ----- 0.00 ----- 0.00 ----- 0.00 ----- 32.0.88 0.08

Graded Model Item Parameter Estimates for Group 1, logit: a8 + ¢

Item Label C1 s.e. C2

S.e. Cs3

S.e.

7  Walking3 7 -1.80 0.20 8
10 Apples3 12 -4.04 0.44 23
11 Continent * -1.33 0.16 1°
14 Grow?2 19181 011 2

-4.87 0.30 ° -6.69 0.37

-6.14 0.57
-4.07 0.22
-0.55 0.08

Since the parameter estimates were constrained to be equal across groups, the corresponding results
for the second group are not shown here. Note, however, that there are minor differences between
the factor loadings for the two groups. This can be attributed to the fact that the mean and variance
associated with the general factor were estimated freely for the UK group. The factor loadings for
the general factor and those associated with each testlet are larger or equal to 0.40 and highly
significant (z-value = parameter estimate divided by standard error).
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Factor Loadings for Group 1 (Back to TOC)

Item Label M s.e. A2 s.e. As s.e. Vi s.e. As s.e. Ae s.e.
1 Cubel 0.44 0.06 0.44 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2 Cube3 0.64 0.03 0.64 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3 Cube4 0.50 0.05 0.50 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4 Farmsl 0.78 0.03 0.00 0.00 0.78 0.03 0.00 0.00 0.00 0.00 0.00 0.00
5 Farms4 0.40 0.07 0.00 0.00 0.40 0.07 0.00 0.00 0.00 0.00 0.00 0.00
6 Walkingl 0.77 0.03 0.00 0.00 0.00 0.00 0.77 0.03 0.00 0.00 0.00 0.00
7 Walking3 0.77 0.03 0.00 0.00 0.00 0.00 0.77 0.03 0.00 0.00 0.00 0.00
8 Applesl 0.64 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.64 0.06 0.00 0.00
9 Apples2 0.79 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.79 0.04 0.00 0.00
10 Apples3 0.81 0.04 0.00 0.00 0.00 0.00 0.00 0.00 0.81 0.04 0.00 0.00
11 Continent 0.76 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
12 Growl 0.56 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.56 0.06
13 Grow3 0.63 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.63 0.05
14 Grow?2 0.44 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.44 0.06
Factor Loadings for Group 2 (Back to TOC)

ltem Label M se. A s.e. As s.e. M s.e. As s.e. e s.e.

1 Cubel 045 006 045 006 000 000 000 000 000 0.00 0.00 o0.00

2 Cube3 0.65 004 065 004 000 000 000 000 000 0.00 0.00 0.00

3 Cube4 050 0.06 050 006 000 000 000 000 000 0.00 0.00 o0.00

4 Farmsl 081 005 000 000 081 0.05 0.00 000 0.00 0.00 0.00 0.00

5 Farms4 040 0.07 000 0.00 040 0.07 0.00 000 0.00 0.00 0.00 0.00

6 Walkingl 0.80 0.05 000 000 0.00 0.00 080 0.05 0.00 0.00 0.00 0.00

7 Walking3 0.80 0.05 000 000 0.00 0.00 080 0.05 0.00 0.00 0.00 0.00

8 Applesl 065 0.07 000 000 0.00 0.00 0.00 0.00 065 0.07 0.00 0.00

9 Apples2 082 005 000 000 0.00 0.00 0.00 000 082 0.05 0.00 0.00

10 Apples3 084 005 000 000 0.00 0.00 0.00 0.00 084 0.05 0.00 0.00

11 tCO”“”e” 078 007 000 000 000 000 000 000 000 000 000 0.00

12 Growl 057 006 0.00 000 000 000 000 0.00 0.00 0.00 057 o0.06

13 Grow3 0.64 006 0.00 000 000 000 000 000 000 0.00 0.64 o0.06

14 Grow2 045 006 000 000 000 000 000 000 000 0.00 045 o0.06
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Group Parameter Estimates:

(Back to TOC)

Statistics based on the loglikelihood

-2loglikelihood: 21001.78
Akaike Information Criterion (AIC): 21079.78
Bayesian Information Criterion (BIC):  21279.79

Group Label 1 s.e. M2 s.e. VE s.e. Ma s.e. Ms s.e. Me s.e.
1 Gl 0.00 ----- 0.00 ----- 0.00 ----- 0.00 ----- 0.00 ----- 0.00 -----
2 G2 33 0.51 0.07 0.00 ----- 0.00 ----- 0.00 ----- 0.00 ----- 0.00 -----
Latent Variable Variance-Covariance Matrix for Group 1 _ (Back)
01 s.e. 02 s.e. O3 s.e. 04 s.e. Os s.e. Bs s.e.
1.00 -----
0.00 ----- 351,19 0.22
0.00 ----- 0.00 ----- % 0.15 0.12
0.00 ----- 0.00 ----- 0.00 ----- 37.0.26 0.06
0.00 ----- 0.00 ----- 0.00 ----- 0.00 ----- %8 0.21 0.06
0.00 ----- 0.00 ----- 0.00 ----- 0.00 ----- 0.00 ----- %90.32 0.10
Latent Variable Variance-Covariance Matrix for Group 2 _(Back)
61 s.e. 02 s.e. O3 s.e. 04 s.e. 05 s.e. Bs s.e.
34091 0.12
0.00 ----- 31,19 0.22
0.00 ----- 0.00 ----- % 0.15 0.12
0.00 ----- 0.00 ----- 0.00 ----- 37.0.26 0.06
0.00 ----- 0.00 ----- 0.00 ----- 0.00 ----- % 0.21 0.06
0.00 ----- 0.00 ----- 0.00 ----- 0.00 ----- 0.00 ----- % 0.32 0.10
Likelihood-based Values and Goodness of Fit Statistics (Back to TOC)

The deviance statistic (-2 log likelihood) for the TRT model is reported above as 21001.78. The
corresponding value for the IRT model (see Section 6.2.2) is 21233.40. The y° difference test
therefore yields a value of 21233.40 - 21001.78 = 231.62. The degrees of freedom for testing between
which of the TRT or IRT models provide the better fit are 17 (39 parameters were estimated in the
case of the TRT model versus 22 for the IRT model). Since the > difference test is highly significant,

we conclude that the TRT model provides a better fit to the item responses when compared to the IRT
model. Information-theoretic indices of fit (AIC and BIC) also point to the TRT model as better fitting.
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7.5 Two-tier analysis of PISA Read and Math items

Cai (2010) proposed a two-tier item factor analysis model that subsumes standard multidimensional
IRT models, bifactor IRT models, and testlet response theory (TRT) models as special cases. Features
of the model lead to a reduction in the dimensionality of the latent variable space and consequently
significant computational savings.

Like the success story of full-information item bifactor analysis (see e.g., Gibbons et al., 2007, 2008),
the existence of certain special features and restrictions can result in significant computational
savings for maximum marginal likelihood estimation while keeping the model flexible enough to
represent a variety of structures commonly found in educational and psychological measurement.

The two-tier model also generalizes the bifactor or testlet models in the types of observed variables
that can be included, permitting an arbitrary mixture of dichotomous, ordinal, and nominal items.
Extending the subdomain scoring strategies discussed by Gibbons et al. (2007) for item bifactor
models, the two-tier model conveniently provides individual response pattern based IRT scale scores
(as posterior expected values) for all latent variables in the model. Finally, the two-tier item factor
analysis (IFA) model highlights the benefit of analytically reducing the dimensionality of latent
variable space whenever possible.

The key to the two-tier modeling framework rests on the recognition that the dimensions (latent
variables, factors, latent traits, etc.) in an IFA model can be grouped into two tiers or classes: 1)
primary dimensions, and 2) specific dimensions. The distinction is not based so much on the
theoretical importance or breadth of the measured latent constructs as on the pattern of factor
loadings and the factor inter-correlations. In the two-tier model, the primary dimensions and specific
dimensions are uncorrelated. In addition, the specific dimensions are assumed mutually orthogonal
and an item can load on at most one specific dimension, just as in a bifactor or testlet response model.
On the other hand, the primary dimensions may be correlated among themselves, and the model
imposes no further restrictions on the relation between items and primary dimensions beyond
necessary conditions for identification.

As mentioned in Section 7.3, the format of the PISA data can be best described as testlet-based. For
instance, it is standard practice in reading assessments to base several questions on one reading
passage so that each question can measure a different aspect of the examinee's comprehension of the
passage. PISA is noteworthy in that testlets are employed in all three sections, namely reading, math,
and science. For instance, a typical form of PISA reading assessment (in year 2000) consists of about
30 items that can be divided into 8 or 9 testlets made up of non-overlapping sets of items. Some
testlets are longer, with 4 or 5 items, and some are shorter, with only 2 items. Critically, an item
belongs to one and only one testlet.

As an illustration, consider only the reading and mathematics sections. By design, the reading items
measure reading literacy (primary dimension 1) and the math items measure mathematics literacy
(primary dimension 2). Test construction results in two dimensions that are strongly correlated
(Adams & Wu, 2002), which is understandable because before solving a math problem one must be
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able to read the instructions first. However, a two-factor model does not entirely reflect the
underlying structure of PISA. A dominating feature of testlet-based assessments is that the item
responses from within the same testlet tend to be more correlated than across testlets. In the case of
PISA, within-testlet residual dependence remains even after controlling for the influence of the two
primary dimensions.

One approach to analyzing the data would be to break the analysis into two parts and fit standard
item bifactor (or testlet) models to the first set of math items and the second set of reading items
separately. However, if indeed the two primary dimensions are correlated, the two-tier model can
utilize that correlation to produce scores that are more accurate. The ability to "borrow strength”
from other parts of the model to enhance statistical prediction is an essential benefit of the two-tier
model over separate bifactor analyses that would ignore the correlations among the primary factors.

A set of examples based on the PISA math and read items is contained in the command file
PISAReadMathBook8.irtpro and is based on the IRTPRO dataset PISAReadMathBooka8.ssig.
These files are in the folder IRTPRO Examples\By Dataset\PISA Read_Math. The first 15 cases
for a number of reading items are shown below. The reader is referred to Cai (2011) for a detailed
description of this two-tier analysis.

- —— 3
. IRTPRO - [PISAO0ReadMathBook8ssigl - " — | (S
- . i -
|i"| File Edit Data Manipulate Graphics Analysis View Window Help & x
O E| |& %
Amanda3FR2| Amandal4FR2| AmandalEMC4NewRulesi IF..|NewRules 2F. [Jabinterviewd... Jobinterview. .| Allergies0 1FR2| Allergiss02FR2 [CantactEmploy. I
K 1 1 0 1 1 1 1 1 1 3
2|1 1 1 0 1 1 1 1 1 1
3|1 0 1 0 1 0 1 1 1 1
4 o 0 1 0 1 0 0 0 0 0
5 o 1 1 0 1 1 1 1 1 0
g o 0 1 0 0 0 0 0 1 1
7o 0 0 0 0 0 0 0 0 1
8_|[o 0 1 0 0 1 0 0 0 0
3 o 0 0 0 0 0 0 1 1 0
1w |o 0 0 0 0 0 0 1 1 0
1o 0 0 0 0 1 1 1 1 1
12_|o 0 0 1 0 0 0 0 1 1
13 |o 0 1 0 0 0 1 1 1 1
14 |o 0 1 0 0 1 1 0 0 1
15 |o 0 0 0 0 0 0 0 1 0 -
<] 1T b
Ready

Select the Analysis, Multidimensional option and click Yes when prompted to use the existing
command file. Select the 2Tier test tab and then click the Items tab to obtain the display below.
Note that there are 2 general dimensions and 12 testlets yielding a total of 14 dimensions.
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S|
J Read file |

| EFAT || EFAZ || EFA3 || CFA || MathTRT || MathBifac || ReadingBiac || ReadingTRT| 2Tier |

, _

Data File: | C:\IRTPRO Examples\By Dataset\PISA Read_Math\PISADOReadMathBooks.ssig

| Description || Group | kems IMOdels”Scoring || Simulation |
Single Group Analysis

Grouping value: IND Group Variable LI

List of variables: ftems: > |
ApplesQ1FR2 " ApplesQ1FRZ PRIS
ApplesQ2FR2 = ApplesQ2FR2 EI
ApplesQ3FR3 5 ApplesQ3IFR3 +
ContinentAreaFR3 Add > | ContinertAreaFR3
GrowingUpG1FR2 GrowinglUpQ1FR2
GrowingUpQ2FR3 GrowingUpQ2FR3
GrowingUpQ3FR2 Growing UpQ3FR2
RacingCar 1MC4 Mumber of latent FacingCarQ 1MC4
RacingCarZMC4 dimensions: RacingCarQ2MC4 Il
rCaaacs gl
RacingCarQ5MC5 %2 s
T Apply to all groups |

Options... |

Cancel Run

To view the estimation settings that were selected for the two-tier analysis, click the Options...
button (see above). Note that the Apply dimension reduction option is selected and that the number
of general dimensions is set to two. Also note that no grouping variable was selected for ths analysis
thus assuming a single group.
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- Advanced Options —

Test: IZ‘ﬁer

Estimation 'Startlng ‘u’aluesl| Priars I| MJ'sceUaneous“ Save l

Estimation method: I Bock-fitkin LI

—Converge information

Maximum number of cydes: I 500 _I: Convergence criterion: | g,001

M-5Step maximum iterations: | 5p ;l Convergence criterion: I 12-005

—Quadrature details

Mumber of points: | 15 B Mayximum value: I 4.5

v Apply dimension reduction

Standard errors: Ide ;I
Group Gen Dim

Single Group 2

Default |

Click the OK button to return to the Multidimensional Analysis window then click the Models tab

to see the list of models that were selected.

s ——

Data File: IC:‘l,IRTPRO Examples'By Dataset\PISA Read_Math\PISADOReadMathBooks. ssig J Read file |

| EFAT || EFA2 || EFA3 || CFA || MathTRT || MathBifac || ReadingBfac || ReadingTRT|  2Tier |

|Description||Gmup || ftems | Models 'Scorlng l|S’LrnuJationl

Grouping value: IND Group Variable

Item List | Categories | Data Codes | tem Scores Model
2 0.1 B 2PL
ApplesQ2FR2 2 0,1 1 2PL
ApplesQ3FR3 3 0,12 1,2 Graded
CortinentAreaf 3 0,12 1,2 Graded
GrowingUpQ1F 2 0,1 1 2PL
GrowingUpQ2f 3 0,12 1,2 Graded
GrowingUpQ3F 2 0,1 1 2PL

RacingCarQ 1N 2 0.1 B 2PL hd
Constrairts... | EFA... | Bfactor... Apply to all groups

o]
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Next click the Constraints... button to view the Item Parameter Constraints window. This
window graphically illustrates that all the slope parameters are fixed at zero, except those belonging

to the two main dimensions and to the various testlets.

QU e = o)

Group: Single Group

Item

lesQ1FR2
ApplesQ2rR2

lesQ3FR3

ContinentAreaFR3

GrowingUpQ1FR2

ol

Set parameters equal across groups
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8. IRT scoring

8.1 Introduction

Unlike classical test theory, IRT does not in general base the estimate of the respondent's ability (or
another attribute) on the number-correct (NC) or summed score. To distinguish IRT scores from their
classical counterparts, we refer to them as "scale” scores. There are two instances under which the
IRT scale scores may be one-to-one related (in a nonlinear fashion) to summed scores. First, when
the one-parameter logistic (or in general, Rasch) model is used, the summed scores are sufficient
statistics for the latent ability variable. Second, when the scale scores are based on summed-score
posteriors for any IRT model, the summed scores can be directly translated into scale scores.

The main advantages of scale scores are that they:

o Remain comparable when items are added to or deleted from the tests.

Weight the individual items optimally according to their discriminating powers.

Have standard errors that are more accurate.

Provide more flexible and robust adjustments for guessing than the classical corrections.
Are on the same continuum as the item locations.

o O O O

There are three types of IRT scale score estimation methods that IRTPRO supports:
o Bayes estimation (EAP)

o Summed Score EAP (SSEAP)

o Bayes modal estimation (MAP)

The three types of IRT scale score estimation methods are discussed in the sections to follow.

8.1.1 Bayes estimation (EAP)

The Bayes estimate is the mean of the posterior distribution of &, given the observed response
pattern x; (Bock & Mislevy, 1982). It can be approximated as accurately as required by the Gaussian

quadrature (see the section on MML estimation):

O SXP( XA,
0_ k=1

I

3P0 1 X,)ACX,)

This function of the response pattern x; has also been called the expected a posteriori (EAP) estimator.
A measure of its precision is the posterior standard deviation (PSD) approximated by
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(X 8P | XDAX,)
PSD(6) = =2 .

3P0 1 X,)ACX,)

The weights, A(X,), in these formulas depend on the assumed distribution of @ . Theoretical
weights, empirical weights, A"(X,), or subjective weights are possibilities.

The EAP estimator exists for any answer pattern and has a smaller average error in the population
than any other estimator, including the ML estimator. It is in general biased toward the population
mean, but the bias is small within +£3 & of the mean when the PSD is small (e.g., less than 0.25).
Although the sample mean of EAP estimates is an unbiased estimator of the mean of the latent
population, the sample standard deviation is in general smaller than that of the latent population.
This is not a serious problem if all the respondents are measured within the same PSD. However, it
could be a problem if respondents are compared using alternative test forms that have much different
PSDs. The same problem occurs, of course, when number-right scores from alternative test forms
with differing reliabilities are used to compare respondents. Tests administrators should avoid
making comparisons between respondents who have taken alternative forms that differed
appreciably in their psychometric properties. A further implication is that, if EAP estimates are used
in computerized adaptive testing, the trials should not terminate after a fixed number of items but
should continue until a prespecified PSD is reached.

8.1.2 Summed Score EAP (SSEAP)

IRT models also imply posteriors for the summed scores, even if the IRT model used is not among
the Rasch family of models. Without loss of generality, consider the dichotomous case first. For any
IRT model with dichotomous item scores (u, =0,1), the likelihood for any summed score x = Zui

is

Lx (9) = ZZUFX L(U | 0)
where

L(u|6?):HT(ui 19)

and T (u; | @) is the trace line for response u to item i. The first summation is over all such response
patterns that the summed score equals x . The probability of each score is

P.=[L(0)9(0)

and the expected & associated with each summed score x is
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c(o1y)-12080)

X

with posterior standard deviation given by

1

[ J[-E@Ix] L(9)a(0) ¥

PSD(0]x=u,)= >

8.1.3 Bayes modal estimation (MAP)

Similar to the Bayes estimator, but with a somewhat larger average error, is the Bayes modal or so-
called maximum a posteriori (MAP) estimator. It is the value of @ that maximizes

P©O1%) = 1x, log, R(6) + (1-%,)10g, [1- R ()I}-+log, 9(0),

where g(0) is the density function of a continuous population distribution of @. The likelihood
equation is

i X; —P;(6) .apj 0) N olog, g(@) _
2P OL-PO] 00 00

0.

Analogous to the maximum likelihood estimate, the MAP estimate is calculated by Fisher scoring,
employing the posterior information,

0% log, g(8)
J@)=10)+—=——=,
0)=1(9) v
where the right-most term is the second derivative of the population log density of & .

In the case of the 2PL model and a normal distribution of & with variance o, the posterior infor-
mation is

1(0) = Zn:aj?Pj (O)[1-P, (O] +i2.
=1 o

The PSD of the MAP estimate, @, is approximated by
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PSD(6) = 1/ 1(0).

Like the EAP estimator, the MAP estimator exists for all response patterns, but is generally biased
toward the population mean.

8.2 Scoring using a social life feelings (SLF) dataset

The dataset used in this section is taken from an extensive study of social life feelings reported in
Schuessler (1982) and Krebs and Schuessler (1987). The aim was to establish scales for use in social
research. According to Bartholomew (1998), the aim of the study was to establish scales for use in
social research that were comparable in quality with those used in ability testing. For illustration
purposes, the data used in this section is from the German sample consisting of the following five
items:

Anyone can raise his standard of living if he is willing to work at it (SLS1).

Our country has too many poor people who can do little to raise their standard of living (SLS2).
Individuals are poor because of the lack of effort on their part (SLS3).

Poor people could improve their lot if they tried (SLS4).

Most people have a good deal of freedom in deciding how to live (SLS5).

© O O O O

Responses are based on a sample size of 1490 individuals. The spreadsheet below displays item
values for cases 680 to 690. The name of the dataset is SLF.ssig and is stored in the folder IRTPRO
Examples\By Dataset\Social Life Feelings\

(=]
E89
E40

= IRTPRO - [SLF.ssigl S e S
[#] File Edit Data Manipulate Graphics Analysis View Window
Help -[a| =
== | & %
stht | swkz [ ere [ st [ e | -
g0 |0 1 0 1 0 |
ER1 |0 1 n 1 n I
g2 |0 1 0 1 0
g3 |0 1 0 1 0
684 |0 1 0 1 0 =l
g5 |0 1 0 1 0 |
g6 |0 1 0 1 1
g7 |0 1 0 1 1
0 1 0 1 1
0 1 0 1 1
0 1 0 1 1

Ready

To display the frequency distribution of the five items visually, the Graphics, Univariate... option
is selected from the main menu bar.
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8] File Edit Data Manipulate [Graphics| Analysis View
DeH 2R E P | Univariate...
SLF1 SLF2 e
. . ivariate...
2 o 0 a Item Response

By making this selection, a Univariate Graph dialog is displayed.

Univariate Graph —.

Select one or more Y Variable(s)

SLFL
SLF2
SLF3
SLF4
s

After selecting the items (see above), click OK to obtain a bar chart presentation for each item. From
this display, it can be concluded, for example, that a relatively small proportion of individuals have
selected the category corresponding to "1" for the item SLF1.
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(77 SLF ssig - IRTPROGraphs

File Edit View Graphs ChartType Tools Help
AEIEIE
SR=| = Wil Graph |E Tahle|

SLF1

SLF5
[si] Bivariate Graphs

=l
=
=}

I requency
I requency
I requency

(55}

[}

=

o
=
=}

DD
DD

o
=
=

Frequency
(3]
=
o

I reuency

[
=

O
O

The frequency counts for each item can be displayed by clicking the Table icon in the Graph
window. From this display it follows that all items are binary. We further conclude that there are no
missing values present since the total count of the data values 0 and 1 equals 1490 for each item.

~ SLF.ssig - IRTPROGraphs o o
Eile Edit View Graphs ChartIype TIools Help |
| B (S| R
-z Univariate Graphs il Graph B Table ‘ -
: SLFL E|
SLF2 SLF1 SLF2 SLF3 SLF4 SLF5
v] SLF3
SLF4 0=129% 0=423 0=435 0=8r4 0=1070
b 1=155 1=1001 1=935 1=E1E 1=420
SLFS
(- [ui] Bivariate Graphs
] 1 | 3

Ready MNUM

In Sections 8.2.1 and 8.2.2, examples that illustrate item scoring are presented. In the example
presented in Section 8.2.1, 2PL models are fitted to the five items, labeled SLS1 to SLS5 respectively
and EAP scores are computed. Use is made of the Advanced Options, Miscellaneous; Save
selection to specify that the estimated parameters must be saved in a file with extension -prm.txt.
The example in Section 8.2.2 demonstrates item scoring using a -prm.txt parameter file obtained
from a previously executed IRT (calibration) run.
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8.2.1 Calibration and Scoring

In this section, 2PL models are fitted to the five items, labeled SLS1 to SLS5 respectively, and the
estimated parameters are saved to a text file with extension -prm.txt. EAP scores (See Section 8.1.1)
are also computed.

- _
Data File: I C:\IRTPRO Examples\By Dataset\Sodal Life Feelings\5LF. ssig J Read file | I

Test! |

Description IGroup || ttems l| Models I|Scnrir1g l|5irnu|atior1|

Title:
qocial life feelings- five items

Comments:

Calibration (2PL) and EAFP scaring, using the scoring tab.
Save parameters to a file.

Options. .. oK I Cancel Run

From the main menu bar, select the Analysis, Unidimensional IRT ... option to obtain the
Unidimensional Analysis window shown below. Use the Description tab to enter a title and
comments.

Since the dataset SLF.ssig is based on a single group (Germany, 1490 individuals), the Group tab is
skipped and we proceed to the Items tab to select all five items.
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-

r—_-'l n
Unidimensional Analysis &3

Data File: I C:MIRTPRO Examples'By Dataset\Sodal Life Feelings\SLF . ssig J Read File |

Test1 |

|Deac:'iption||Group| ftems IModelsl|Scomgl|Shﬂulaﬁon|

Single Group Analysis
Grouping value: IND Group Variable ;I
List of variables: fteme: > |
SIF1 SLF1 +
SLF2 SLF2
SLF3 SLF3 +
SLF4 Add > | SLF4
SLF5 SLF5

Apply to &l groups

Options... oK I Cancel Run

The Models dialog displays the model-type to be fitted to each item. Since all items are binary, the
default model is 2PL.

Unidimensicnal Analysis

Data File: I C:\IRTPRO Examples\By Dataset\Sodial Life Feelings\SLF. ssig J Read file |

Test1 |

| Description || Group || tems | Models | Scoring || Simulation |

Grouping value: INU Group Variable

ltem List | Categories | Data Codes | ltem Scores|  Model |
0.1 0.1 2PL

SLF2 0.1 0.1 2PL
SLF3 0.1 0.1 2PL
SLF4 0.1 0.1 2PL
SLF5 0.1 0,1 2PL

Constraints... DIF... Apply to all groups |

Options... | OK I
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To ensure that the estimated parameters are save to a —prm.txt file, click the Options... button
(bottom right-hand corner of the previous display). This action invokes the Advance Options
window. Click the Save tab and make sure that Item parameters estimates (—prm.txt) is selected.

- ™
Test: [Testl v ] Apply to all tests

| Estimation ||| Starting Valuesm Priors ’||Misce||aneous| Save lSimuIate ]

W Item parameter estimates (-prm.txt)

[T Asymptotic covariance matrix of the parameter estimates (-cov.txt)

CInformation values, for unidimensional models only (-inf.txt)

ClInter-item polychoric correlations, for EFA models only (-pol.txt)
[JFactor loadings (-fac.txt)

[IMain output in ASCII text format (-irt.txt, -sss.tut, or .sscixt)
[0Debugging output (-dbg.txt)

ok || cancel || apply

Click OK to return to the Unidimensional Analysis window and click on the Scoring tab to display
the Scoring dialog.

Using this dialog, make the following selections:
o Scoring method: EAP
o Scaling: Mean = 0; Standard deviation = 1 (the defaults)

o Scale in: Population distribution

When done, click the Run button to start calibration and scoring.
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Data File: I C:IRTPRO Examples'By Dataset\Sodal Life Feelings\SLF . ssig J Read file | I

Test1 |
|Desc:'iption||Group || ftems ||Mode|s| Scoring 'Simulationl
. Compute response pattem
P 10 -
Lo 3, =l ’7 ¥ EAP [~ MAP scores
[~ Create summed-score to scale conversion table [¥ Score persons
—Scaling
[ Integer scores Mean: [p Standard deviation: |4
, P M
| ™ Minimum: I [~ Magimum: I
H
: Scalein: & Population distribution
" Sample distribution

Qptions... |

oK I Cancel Run

If the analysis completes successfully, two output files are created with extensions:
o —irt.htm (calibration), and

o —ssc.htm (Scoring).

The Window menu (below) shows the selection of the IRT analysis (calibration) output.

Project: Sacial life feelings- five items

Trrrer T Calibration (2PL) and EAF scoring, using the scoring tab. Save
parameters to a file.

Date: 17 December 2014

Time: 10:26 PM

Table of Contents

2PL Model ltem Parameter Estimates for Group 1, logit. a8+ cora(f— o)

Summed-Score Based ltem Diagnostic Tables and s for Group 1

Group Parameter Estimates

Marginal fit (}(“2) and Standardized LD %7 Statistics for Group 1

ltem Information Function VYalues for Group 1 at 15 Values of 8 from -2.8 to 2.8

Likelihood-based Values and Goodness of Fit Statistics

Summary of the Data and Control Parameters

Portions of the output are given next. The first table gives the parameter estimates and standard error

estimates for the five items.
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2PL Model Item Parameter Estimates for Group 1, logit: a8 + c or a(8 — b) (Back to TOC)

Item Label a s.e. C se b s.e.
1 SLF1 2 1.20 0.15 1 -2.35 0.13 1.97 0.18
SLF2 4 0.71 0.09 3 0.80 0.06 -1.11 0.14
SLF3 6 1.53 0.17 5 0.99 0.09 -0.65 0.06
SLF4 8 2.55 0.39 7 -0.67 0.12 0.26 0.04
SLF5 10 0.92 0.10 9 -1.10 0.07 1.19 0.12

a b~ wWwDN

Likelihood based statistics and fit statistics are given in the output shown below. The statistic: — 2
log likelihood (also called the deviance statistic) is used to compare nested models. Both the AIC and
BIC statistics are used as a model selection tool.

Likelihood-based Values and Goodness of Fit Statistics (Back to TOC)

Statistics based on the loglikelihood

-2loglikelihood: 8258.37
Akaike Information Criterion (AIC): 8278.37
Bayesian Information Criterion (BIC): 8331.43

The RMSEA value of 0.02 indicates a relatively good fit using the 2PL model.

Statistics based on the full item x item x ... classification

G? Degrees Probability RMSEA
of freedom

39.09 21 0.0095 0.02

X2 Degrees Probability RMSEA
of freedom

3892 21 0.0100 0.02

Next, we select the output file generated for the scoring part of the analysis (-ssc.htm). Selected
output is shown below. The first portion is a table containing the parameter estimates obtained in the
calibration phase.
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2PL Model Item Parameter Estimates for Group 1, logit: a8 + c or a(8 — b) (Back to TOC)

Item Label a c b

1 SLF1 1.20 -2.35 1.97
2 SLF2 0.71 0.80 -1.11
3 SLF3 153 099 -0.65
4 SLF4 255 -0.67 0.26
5 SLF5 0.92 -1.10 1.19

The next portion of the output shows that the item scores are saved to the text file SLF.Test-sco.txt.
Text files can be opened with any text editor such as Notepad.

Summary of the Data and Control Parameters (Back to TOC)

Sample Size

Number of ltems

1490

5

Number of Dimensions 1

Scoring Control Values

Response pattern EAPs are computed

Output Files

HTML results and control parameters: SLF.Testl-ssc.htm

Text scaled score file:

SLF.Testl-sco.txt

8.2.2 Scoring based on a parameter file

In this section, the summed-score EAP (SSEAP) and maximum a posteriori (MAP) scoring methods
are considered. Use is made of the IRTPRO dataset SLS.ssig and the parameter estimates, obtained
as described in the previous section, are read from a —prm.txt parameter file. Scoring is

accomplished by selecting the Analysis, IRT Scoring... option from the main menu bar.

Start by opening the IRTPRO data file SLS.sig located in the folder IRTPRO Examples\By
Dataset\Social Life Feelings\. If this file is still open from a previous session, close it first and then

re-open it, otherwise the IRT Scoring... option might be disabled.
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Analysis | View Window Help

Traditional Summed-5core Statistics...

Unidimensicnal IRT...
Multidimensional IRT...
IRT Scoring...

IRT Simulation...

Adwvanced Options...

v Show Progress Box

By selecting IRT Scoring..., a Use Save Command File message box is displayed. Since we do not
want to overwrite the existing command file (generated in Section 0), the No button is clicked.

Use Saved Command Fiie_ﬁ

A command file
SLF.irtpro
is found in the following folder
CAIRTPRO Examples\By Dataset\Social Life Feelings\

Do you want to use this file?
Press [No] to save command with a new name

Use the Insert Test... and Rename options (obtained by right-clicking next to an existing test tab
to insert a new test or on a tab to rename a test) to insert a second test and to rename the Test1 and
Test2 tabs to SSEAP and MAP respectively as shown below.
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IRT Scoring

Data File:  C:\IRTPRO Examples\By Dataset\Social Life Feelings\SLF.ssig J Read file

sseap | MaP |
Insert Test...
Description Delete Test rgl
Title: Rename
Manage Test...

Comments:

Summed score EAP

[ ok H Cancel H Run

Starting with the SSEAP tab, enter a title and (optionally) comments as illustrated. Proceed to the
Items tab and select the items SLF1 to SLF5.

IRT Scoring

Data File: c:\IRTPRO Examples\By Dataset\Social Life Feelings\SLF.ssig

SSEAP l AP |

| Deseription || Group| Tems I Models || Scoring |

Single Group Analysis

Grouping value: ‘No Group Variable

List of variables:

SLFL
SLF2

SLF3 add =>
SLF4
SLFS

Number of latent
dimensions:

Bl=

Apply to all groups
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Click the Options... button (lower right-hand corner in display above) to activate the Advanced
Options window and click the Starting Values tab to obtain the dialog shown below.

Advanced Options

Test: [SSEAP V] Apply to all tests

| Estimation| Starting Values IPnors || iscelianeous || Save | Simulate |

Enter starting values...

Read starting values from a file...

ok || cancel || apoly

Next click the Read starting values from a file... button to display the Open dialog, then select
SLF.Testl-prm.txt. Click the Open button to return to the IRT scoring menu.

Lookin: | Social Life Feelings (<] ¥ A

B Name Date modified

~p E | SLF.Testl-prm.txt 6/16/2011 10:27 AM
Recent Places

|
.

Desktop

=

Libraries

A

Computer

@ < 1
: SLF.Testl-prm.tt

File name:
Network

Files oftype [Parameter File (*-prm.bt)

D Cpen as read-only

Click the Scoring tab and make the following selections:
o Check the Create summed-score to scale conversion table option.
o Check the Score persons option.
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o Select Scale in: Population distribution.

SSEAP | AP |

|De.t;cnpmn||Group|| Ttems I|Mod.e|.s| Scoring |

Compute response pattern

|:| EAF |:| MAP scores

[] Create summed-score to scale conversion table [#] Score persons

Scaling
[ Jinteger scores Mean: g Standard deviation: 1

|:|Miﬂimurn: |:|Ma)_dmum:

Scale (@) Population distribution
() sample distribution

Data File:  C:\IRTPRO Examples\By Dataset\Social Life Feelings\SLF.ssig J Read file

Finally, select the MAP test tab and repeat all the steps (Description, Items, Starting values)

described above. However, the Scoring dialog should now contain the following selections:

o Check the MAP scores option.
o Select Scale in: Population distribution.
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Data File:  C:\IRTPRO Examples\By Dataset\Social Life Feelings\SLF.ssig J Read file
|SSEAP| MR |
|Descr|pt|on|| Group|| Ttems I|Models| Scoring |
Compute response pattern
=
[CJear [¥] MAP scores
[ create summed-score to scale conversion table Score persons
H
[ Scaling
|:|_1nteger scores Mean: g Standard deviation: 1
DMiﬂimum: I:‘Ma;dmum:
Scale (@) Population distribution
() sample distribution
o J[ e ][

The scoring procedure is started by clicking the Run button. At this stage, the user will have the
opportunity to save the command file under a new name. In this case, the default name SLF.irtpro
is changed to SLF-Score.irtpro to ensure that the command file generated in Section O is not
overwritten. Click the OK button to start the analysis.

Save Command File

Location:

Examples\By Dataset\Social Life Feelings\SLF-Score.irtpro J

Selections of the output for the SSEAP scoring procedure are shown below:

Project: Social Life Feelings

Description: [ Summed score EAP
Date: 16 June 20--
Time: 11:03 AM
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Table of Contents

2PL Model Iltem Parameter Estimates for Group 1, logit: a6 + ¢ or a(6 — b)

Group Parameter Estimates

Summed Score to Scale Score Conversion Table
Summary of the Data and Control Parameters

2PL Model Iltem Parameter Estimates for Group 1, logit: a@ + c or a(8 — b) (Back to TOC)

ltem Label a c b

1 SLF1 1.20 -2.35 1.97
2 SLF2 0.71 0.80 -1.11
3 SLF3 153 0.99 -0.65
4 SLF4 255 -0.67 0.26
5 SLF5 0.92 -1.10 1.19

Summed Score to Scale Score Conversion Table (Back to TOC)

Seore . EAPIONI SOOI Bl
0 -1.191 0.717  0.1087594
1 -0.679 0.682  0.2286010
2 -0.110 0.652  0.2617982
3 0.511 0.649  0.2268359
4 1.022 0.653  0.1359492
5 1.544 0.701  0.0380563

Marginal reliability of the scaled scores for summed scores = 0.55444

Scoring Control Values

Scale scores for summed scores are tabulated and computed

Summed score equivalence threshold:

0.000010

Note that the file containing the scores is saved as SL-Score.SSEAP-sco.txt and can be opened with
any text editor.
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Output Files

HTML results and control parameters: SLF-Score.SSEAP-ssc.htm
Text scaled score file: SLF-Score.SSEAP-sco.txt

The results shown next were obtained for the MAP scoring procedure. The parameter estimates are
those obtained from the parameter file created as described in Section 0.

Project: Social Life Feelings

Description: | Response Pattern MAP
Date: 16 June 20--
Time: 11:03 AM

Table of Contents

2PL Model Item Parameter Estimates for Group 1, logit: a6 + ¢ or a(6 — b)
Group Parameter Estimates
Summary of the Data and Control Parameters

2PL Model Iltem Parameter Estimates for Group 1, logit: a@ + c or a(8 — b) (Back to TOC)

ltem Label a c b

1 SLF1 1.20 -2.35 1.97
2 SLF2 0.71 0.80 -1.11
3 SLF3 1.53 0.99 -0.65
4 SLF4 2.55 -0.67 0.26
5 SLF5 0.92 -1.10 1.19

Scoring Control Values

Response pattern MAPs are computed

Output Files

HTML results and control parameters: SLF-Score.MAP-ssc.htm

Text scaled score file: SLF-Score.MAP-sco.txt

A matrix plot of the three sets of scores reveals an almost perfect correlation between the scores
obtained with EAP and MAP. A plot of the SSEAP scores against the EAP and against the MAP scores
shows strong positive correlation.
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1.45

y

1.1

1.54

a0 R0

SSEAP

Qe @ o

-1.19

1.54

EAP

-1.19

Conclusions drawn from the matrix scatter plot, are substantiated by calculating the sample statistics
of the three sets of scores, the results being reported below:

Descriptive Statistics for three scoring methods

Correlation Matrix

ELF S3ELP MALF
EAF 1.000
S3ELD 0.962 1.000
MAF 1.000 0.964 1.000
Means
ELF S3ELP MAF
0.0oo -0.o01 0.016

The correlations between the three scoring methods are shown below, followed by the means and
standard errors of EAP, SSEAP and MAP. There is almost perfect correlation between EAP and MAP
(2.000 to three decimal places).

In applied testing situations, the larger standard errors (about 10%) associated with the SSEAPs may
be considered a reasonable penalty offset by the ease of summed score based IRT scoring.

236



9.

IRT simulation

9.1 Introduction

Unlike classical test theory, IRT does not in general base the estimate of the respondent's ability (or
another attribute) on the number-correct (NC) or summed score. To distinguish IRT scores from their
classical counterparts, we refer to them as "scale™ scores. There are two instances under which the
IRT scale scores may be one-to-one related (in a nonlinear fashion).

IRT models often rely on, or are based on three assumptions: (1) the mathematical form of the item
characteristic functions, (2) the dimensionality of the item space and (3) the distribution of the
abilities. Violations of these assumptions can produce serious negative consequences to the
measurement process. One way of evaluating the impact of violating these assumptions, as well as
studying factors such as the impact of choice of models, examinee sample sizes, the shape of ability
distributions, and test length, and many other factors, is via simulation studies, also referred to as
Monte Carlo studies.

Monte Carlo studies have become a valuable tool in the development of theory and methods. For
example, if the properties of an estimator or fit statistic are very difficult to work out analytically, a
Monte Carlo study may be conducted to estimate those properties. Monte Carlo studies often provide
a significant amount of the available knowledge of the properties of statistical techniques, especially
under various alternative models. A substantial proportion of the articles in the statistical literature
include Monte Carlo studies. For example, in recent issues of the Journal of the American Statistical
Association almost half of the articles report on Monte Carlo studies that supported the research.

Simulation brings to the surface inconsistencies and inefficiencies, for example in situations where
the sample size is small; the number of dimensions is large; and/or a mixture of different model
types (for example the 2-parameter logistic, graded and nominal) are fitted to the items. A further
example is deviations from model assumptions. When the same simulation procedure with a
specified starting random seed is repeated several times, the generated data can be used to assess
accuracy of the parameter estimates and the robustness of standard errors and fit statistics. In practice,
it is often difficult and costly to repeat the exact circumstances under which data was collected. In
contrast, with simulation software one can test the same system repeatedly in a time-efficient manner
with different inputs and under different scenarios.

The purpose of the IRTPRO simulation module is to simulate examinee item response data given true
model parameter values (both items and subjects). The simulation module creates data files in a form
that can be directly run in the IRTPRO software as well as being saved for future use.

237



IRTPRO has the capability of generating data from all implemented IRT models, including
multidimensional, bifactor, and multilevel models. The command syntax for generating data has the
same basic structure as the model-fitting syntax.

9.2 Simulation using a social life feelings (SLF) dataset

The dataset used in this section is taken from an extensive study of social life feelings reported in
Schuessler (1982) and Krebs and Schuessler (1987). The aim was to establish scales for use in social
research. According to Bartholomew (1998), the aim of the study was to establish scales for use in
social research that were comparable in quality with those used in ability testing. For illustration
purposes, the data used in this section is from the German sample consisting of the following five
items:

o Anyone can raise his standard of living if he is willing to work at it (SLS1).

Our country has too many poor people who can do little to raise their standard of living (SLS2).
Individuals are poor because of the lack of effort on their part (SLS3).

Poor people could improve their lot if they tried (SLS4).

Most people have a good deal of freedom in deciding how to live (SLS5).

o O O O

Responses are based on a sample size of 1490 individuals. The spreadsheet below displays item
values for cases 680 to 690. The name of the dataset is SLF.ssig and is stored in the folder IRTPRO
Examples\By Dataset\Social Life Feelings\

CTIRTPRO - [SLE.ssigl e 0 0 & EnlShie S
[®] File Edit Data Manipulate Graphics Analysis View Window
Help - & =
O HE | | & %
stk | st | sRs | SR [ sLes -
620 |D 1 0 1 D I
61 |0 1 0 1 0 |
632 |0 1 0 1 0
633 |0 1 0 1 0
624 |0 1 0 1 0 =
625 |0 1 0 1 0 i
635 |0 1 0 1 1
637 |0 1 0 1 1
38 |0 1 0 1 1 i
623 |0 1 0 1 1 |
60 |0 1 0 1 1 -
|
Ready

In Sections 8.2.1 and 8.2.2, examples that illustrate item simulation are presented. In the example
presented in Section 8.2.1, 3PL models are fitted to the five items, labeled SLS1 to SLS5 respectively
and EAP scores are computed. Use is made of the Options, Miscellaneous; Save selection to specify
that the estimated parameters must be saved in a file with extension -prm.txt. The example in
Section 8.2.2 demonstrates item scoring using a -prm.txt parameter file obtained from a previously
executed IRT (calibration) run.
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9.2.1 Calibration and Simulation

In this section 3PL models are fitted to the five items, labeled SLS1 to SLS5 respectively, and the
estimated parameters are saved to a text file with extension -prm.txt. Five IRTPRO datasets (.ssig),
with a sample size of 1490 each, are simulated.

From the main menu bar, select the Analysis, Unidimensional IRT ... option to obtain the
Unidimensional Analysis window shown below. Use the Description tab to enter a title and
comments.

Analysis | View Window Help

Traditional Summed-Score Statistics...
Unidimensional IRT...
Multidimensional IRT...

IRT Scoring...

IRT Simulation...

Advanced Options...
v Show Progress Box

Data File: |C:\IR‘I’PRO Examples\By Dataset\Social Life Feelings\SLF.ssig

Testl l

Description lGroup[“ ftems [|| ModelsH|Scoring"|8imulahon"

Title:

Social life feelings - Five items

Comments

Simulate 5 datasets. Startwith Calibration, that is obtain parameter estimates first then use
these estimated values in the simulation procedure.

Options... oK | Cancel Run

Since the dataset SLF.ssig is based on a single group (Germany, 1490 individuals), the Group tab is
skipped and we proceed to the Items tab to select all five items.
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Unidimensional Ana

Data File:  C:\IRTPRO Examples\By Dataset\Social Life Feelings\SLF.ssig || Reodfie |

Test |

| Description || Group| Ttems l Models || Sc,onngl

Single Group Analysis

Grouping value: |N0 Group Variable

List of variables:

SLF1
SLF2
5LF3
SLF4
SLFS

Apply to all groups

The Models dialog displays the model-type to be fitted to each item. Since all items are binary, the
default model is 2PL. To change the model type to 3PL, select all the cells below the Model heading,
and right-click to display the valid model types for this selection (2PL and 3PL). Click on 3PL to
change from the default model type to 3PL.

Unidimensional Analysis

Data File: I C:\IRTPRO Examples\By Dataset\Social Life Feelings\SLF.ssig J Read file
I |

Testl |

‘Descriphon”Gmup” ltems | Models lScoiing“Simulahonl

Grouping value INo Group Variable

ltem List |Calegmie4)ala Cudeitem Scnre{ Model
SLF1 2 0.1 0.1

SLF2 2 0.1 0.1
SLF3 2 0.1 0.1
2
2

SLF4 0.1 0.1
SLFS 0.1 0.1 PL
3PL
Graded

GPCredit

Nominal

Constraints... | DIF... |

Options... oK I Cancel Run
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The following message is displayed. Click the Yes button to continue.

Changing model to 3PL will reset priors to default values:
- all Slope(s) to Lognormal, 0, 1
- Guessing to Beta, 4, 16

Do you want to continue?

To ensure that the estimated parameters are save to a —prm.txt file, click the Options... button
(bottom right-hand corner of the previous display). This action invokes the Options window. Click
the Save tab and make sure that Item parameters estimates (—prm.txt) is selected.

H
Advanced Option: S

| Test: [TEStl '] Apply to all tests

|Estimation|| Starting Values” Priors I| Miscellaneous| Save |Simu|ate|

M Item parameter estimates (-prm.txt)

[ Asymptotic covariance matrix of the parameter estimates (-cov.txt)

CInformation values, for unidimensional models only (-inf.txt)

[ClInter-item polychoric correlations, for EFA models only (-pol.txt)
[JFactor loadings (-fac.txt)

[OMain output in ASCII text format (-irttxt, -sss.tut, or ssc.txt)
[JDebugging output (-dbg.txt)

[ oK ” Cancel ” Apply

Click OK to return to the Unidimensional Analysis window and click on the Simulation tab to
display the Simulation dialog.

Using this dialog, make the following selections:
o Simulation (click check box)
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Number of Examinees = 1459 (the default)

Number of Replicate Datasets = 5 (default = 1)

Check the Save as —simul.ssig files (default is simul.txt)

Select Random number generator seeds (defaults = 4987 and 7681)

o O O O

Note that for a given set of seeds, the contents of the datasets will be identical if the above procedure
is followed on different computers.

When done, click the Run button to start calibration and simulation.

[jrm— T R 3 - LR 5
Unidimensional Analysis n - h u
Data File: ‘ C:\IRTPRO Examples\By Dataset\Social Life Feelings\SLF.ssig

Testl l

|Description”|Group"| ltems "|Mode\s"|8coring| Simulation
[v Simulation

Single Group Analysis Examin

Examinees m

MNumber of replicate datasets: [

Random number generator's seed for:

Latentvariable deviates:  [4987 New seed
Creating item responses 7681 Mew seed

e ——

Options... oK | Cancel Run

If the analysis completes successfully, two output files are created with extensions:
o —irt.htm (calibration), and
o —sim.htm (simulation).

The Window menu (below) shows the selection of the IRT analysis (simulation) output.
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& 7

] File Edit View Analysis Window Help
==

IRTPRO Version 2.0
Output generated by IRTPRO estimation engine Version 4.54 {32-bit)

Project: Sacial life feelings - Five items
Simulate 5 datasets. Start with Calibration, that is obtain parameter
Description: estimates first, then use these estimated values in the simulation
procedure.
Date: 27 October 2014
Time: 1235 PM

Table of Contents

3PL Model item Parameter Estimates for Group 1, logit: a8 + c or a(@— b)

Group Parameter Estimates

Summary of the Data and Control Parameters

3PL Model Item Parameter Estimates for Group 1, logit: a8 + c or a(6 — b) (Back to TOC)

Itern Label a c b logitg g
1 S5LF1 1.89 -3.468 1.83 -3.03 0.05
2 SLF2 0.86 0.44 -0.52 -1.44 0.18
3 S5LF3 1497 071 -0.36 -1.69 018
4 SLF4 2.80 -1.05 0.37 -270 0.06
5 SLF5 204 -2.69 1.32 -1.75 015

Group Parameter Estimates (Back to TOC)

Group Label " T o
1 Group 1 0.00 1.00 1.00

Summary of the Data and Control Parameters (Back to TOC)

Mumber of Examinees 1480
Mumber of ltems
Mumber of Dimensions 1

5

Portions of the —irt.htm output are shown next. The first table gives the parameter estimates and
standard error estimates for the five items.

3PL Model Item Parameter Estimates for Group 1, logit: a8 + c or a(6 — b) (Back to TOC)

3PL Model item Parameter Estimates for Group 1, logit: 28 + c or a(d — b) (Back to TOC)

Item Label d 5.8, c 5.8, o S.e. logit g S.e. a S.e.
1 SLF1 3 180 045 2 -34f 0.62 1.83 015 1 -303 032 0.05 0.0
2 SLF2 g 086 014 5 044 021 -0.52 029 4 144 0.56 0.19 0.09
3 SLF3 § 197 032 8 071 0.20 -0.36 013 7 -169 0.50 0.16 0.07
4 SLF4 12 230 058 11 105 0.30 0.37 008 10 -270 0.47 0.06 0.03
5 SLF5 15 204 065 14 -269 0.80 132 010 13 175 0.24 0.15 0.03
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file:///C:/IRTPRO%20Examples/By%20Dataset/Social%20Life%20Feelings/SLF.Test1-irt.htm%23home

Likelihood based statistics and fit statistics are given in the output shown below. Both the AIC and
BIC statistics are used as a model selection tool.

Likelihood-based Values and Goodness of Fit Statistics (Back to TOC)

Likelihood-based Values and Goodness of Fit Statistics (Back to TOC)
Statistics based on the loglikelihood

-2loglikelinood: 825599

Akaike Information Criterion (AIC): 828599

Bayesian Information Criterion (BIC). 8365.59

Statistics based on the full item x item x ... classification

2 Degrees -
G af freedom Probability RMSEA
36.72 16 0.0023 0.03
o Degrees .
X of freedom Probability RMSEA
40.09 16 0.0008 0.03

The simulated datasets are named SLF.Test1-simull.ssig, SLF.Testl-simul2.ssig, ..., SLF.Test5-
simull.ssig. Below the first 10 cases of the data set SLF.Test1-simull.ssig are displayed.

Replicate Group | CazeMum | Item1 | Item2 | Item3 | Itemd | Itemfb |

ma | —

(o)

=

o

-

[anm)

[ N R T R O L R N

w

f=r]
o P O R B O R Y

P R PO O N B O SO O Y
oo o - o= o0 oo o
P R O O N B O R R Y
O =4 a0 20 oo 2 a 4o o
o o = - oo = 4 = =
O o0 = = = o= o0 = o

—y
=
—_
=

The first column contains the dataset replicate number (Replicate), the second column the group
number (Group), the third column the examinee number (CaseNum), followed by the items in the
order that they were selected.

9.2.2 Simulation based on a parameter file and an .ssig file

In this section, use is made of the IRTPRO dataset SLS.ssig, and the parameter estimates, obtained
as described in the previous section, are read from a —prm.txt parameter file. Simulation is
accomplished by selecting the Analysis, IRT Simulation... option from the main menu bar.

Start by opening the IRTPRO data file SLS.ssig located in the folder IRTPRO Examples\By
Dataset\Social Life Feelings\. If this file is still open from a previous session, close it first and then
re-open it, otherwise the IRT Simulation... option might be disabled.
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file:///C:/IRTPRO%20Examples/By%20Dataset/Social%20Life%20Feelings/SLF.Test1-irt.htm%23home

[ Analysis| View Window Help

Traditional Summed-Score Statistics...
Unidimensional IRT.
Multidimensional IRT...

IRT Scoring...

IRT Simulation...

Advanced Options...

v Show Progress Box

By selecting IRT Simulation..., a Use Saved Command File message box is displayed. Since we
do not want to overwrite the existing command file (generated in Section 0), the No button is clicked.

Use Saved Command File

A command file
SLF.irtpro
is found in the following folder
CAIRTPRO Examples\By Dataset\Social Life Feelings\,

Do you want to use this file?
Press [No] to save command with a new name

Use the Rename option (obtained by right-clicking next to an existing Testl tab to rename a test)
and rename the Test1 tab to 3PL_SIM, then enter a title and comments as shown below.

-
i
Data File: IC:\IRTPRO Examples\By Dataset\Social Life Feelings\SLF.ssig J Bead file

Testl |

Description IGmupl| ltems ||ModeLs||Scormg||Simulation|

Title

Social life feelings - Five tems

Comments:

A 3PL model was fitted to each of the 5 items and a -prm.txt file (see previous section)
requested. This file can be used for IRT Scoring or IRT Simulakion.

Options... | 0K I Cancel
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Proceed to the Items tab and select the items SLF1 to SLF5.

Data File: IC:‘\IRTPRO Examples\By Dataset\Social Life Feelings\SLF.ssig J Read file

3PL_SIM |

|Description || Group| ftems I" dels || Scoring || Simulation |

Single Group Analysis
Grouping value

INo Group Variable

List of variables:

SLF1
SLF2
SLF3

SLFS

MNumber of latent
dimensions:

1

Apply to all groups

Options... |

Cancel

Select the Models tab, then change the models to 3PL as discussed in the previous section.

Simulation

Data File: I C:\IRTPRO Examples\By Dataset\Social Life Feelings\SLF.ssig J Read file

3PL_SIM |

|DescripﬁnnI|Gioup|‘ ltems | Models ISmring”Simulaﬁonl

Grouping value:

INo Group Variable
ltem List |C iesdata Code:

SLF1 0.1

SLF2 0.1

SLF3 0.1

SLF4 0.1

SLF5 0.1

Apply to &l grau
Read parameter values u

Options... oK I

Cancel
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9.3 Simulation when only a parameter file is available

In practice, many datasets are regarded as confidential and can not be made available to researchers
not affiliated with the organization that owes the data. However, estimation results are often
available in the form of a publication or these results can be shared in the form of an IRTPRO
parameter file.

For illustrative purposes, assume the dataset PISAMathBook1USUK:.ssig located in the folder
IRTPRO Examples\By Data Set\PISA MathBook1\ is not available to the public. Below we show
the first 15 cases for items Walking3 to Grow2 and the grouping variable Country. Missing values in
the data are coded as 9.

-
[®7] File Edit Data Manipulate Graphics Analysis View Window Help mmm
ETEIEEEIER]

‘walking3 | Apples] | Apples2 I Apples3 I Continent I Growl | Grow3 | Grow2 I Country =

L 0 0 i i 0 0 1 1 Bl

f 2 1] 1 1 1] 1] 1 1] 1 1 .
3 o 0 0 o o 0 0 1 1 I

I 4 2 1 1 1 1] 1 1 2 1

i s | 0 0 0 1 1 ] 0 1

I E |0 1 0 n n n 1 1 1

7 2 1 1 1 1] 1 1 1 1
I 8 1] 1] 0 1] 1] 1] 1] 0 1
| 1] 1] 0 1] 1] 1] 1] 0 1
1] 1 0 1] 1] 1] 1] 1 1

1 |0 i i i 1 1 i 1 1
1] 1] 0 1] 1] 1] 1] 2 1

1] 1 0 1] 1] 1] 1] 2 1

1] 1] 0 1] 1] 1] 1 1 1

1] 1] 0 1] 1] 1] 1] 0 1

|

M

An analysis, testlet response theory (TRT), based on this dataset is given in Section 7.2. For the TRT
analysis, a multidimensional model for more than one group is fitted. To obtain a parameter

womcescpso T
|| Test: ITRT LI Apply to aIItestSl

|Estimation || Starting Values | Fixed Thetas || Priers || Miscellaneous| Save |

¥ Item parameter estimates (-prm.txt)

] Asymptotic covariance matrix of the parameter estimates (-cov.txt)
[JInformation values, for unidimensional models only (-inf.txt)

[ Inter-item polychoric correlations, for EFA models only (-pol.txt)

[ Factor loadings (-fac.txt)

[ Main output in ASCIL text format (-irt.txt, -sss.txt, or .ssc.txt)

] Debugging output (-dbg.txt)
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file, open the file PISAMathBook1USUKEX.irtpro, select the TRT test tab, and then click on
the Options, Save tab as shown above. When running the TRT analysis a parameter file, labeled
PISAMathBook1lUSUKEX.TRT-prm.txt is produced.

To simulate data using this parameter file, we start by generating a “fake” dataset that will contain
the parameter names, category values and allow us to specify the sample size for each group. This
is accomplished by selecting the File, Create SSIG for Simulation option as shown below.

File | View Help

MNew... Ctrl+N
Open... Ctrl+0O
Import...
Export...

Create SSIG for Simulation
Print Setup...

1 PISAMathBooklUSUKEX.irtpro
2 PISAMathBooklUSUKEX.TRT-irt htm
3 PISAMathBooklUSUKEXIRT-irt.htm

By selecting this option, the screen shown below is activated. Browse for the parameter file. The .ssig
file will have the same name, but with extension —gen.ssig. As the default, the file
PISAMathBook1lUSUKEX.TRT-gen.ssig is automatically generated

Create SSIG for Simulation ﬁ

Parameter File

| C:\IRTPRO Examples'By Dataset\PISA MathBookl\PISAMathBooklUSUKEX.T Browse

S5IG File

| C:\IRTPRO Examples\By Dataset\PISA MathBook1\PISAMathBooklUSUKEX.T Browse

Number of cases per Group

| |
Group | Number of cases I
I le11 1000
| G22 1000 I
|
|
oK | Cancel
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Suppose we are interested in simulating 1,000 cases for each group. These values are then entered
in the Number of cases text box as shown above. Click the OK button to generate and display

the .ssig file. The first ten records are shown below:

| 71 IRTPRO - [PISAMathBooklUSUKEX.TRT-gen.ssig] EES™=X
[®] File Edit Data Manipulate Graphics Analysis View Window Help mmml
ST IEEY-IER]
Group Applezl | Apples2 | Apples3 | Continent | Cubel | Cube3 Cubed Farms1 Farmz4 | Growl &
1 f 0 0 0 0 0 0 0 0 0 0 =
2 |1 1 1 1 1 1 1 1 1 1 1
3 |1 0 0 2 2 0 0 0 0 0 0
4 |1 1 1 0 0 1 1 1 1 1 1
5 |1 0 0 0 0 0 0 0 0 0 0
5 |1 1 1 1 1 1 1 1 1 1 1
7 | 0 0 2 2 0 0 0 0 0 0
5 |1 1 1 0 0 1 1 1 1 1 1
3 |1 0 0 0 0 0 0 0 0 0 0
L 1 1 1 1 1 1 1 1 1 1 -

11 »

-~

i Ready | | A |

The next step is to select the Analysis, IRT Simulation option from the main menu bar:

L7 IRTPRO - [PISAMathBook1USUKEX. TRT-gen.ssig]
W File Edit Data Manipulate Graphics [Analysis| View Window Help

== R E7T | Traditional Summed-Score Statistics...
Applest | Apples? | Unidimensional IRT.. :
0 |0 Multidimensional IRT..
10 12 IRT Scoring...
1 n IRT Simulation...
10 10 Advanced Options...
0 | ¥ Show Progress Box

Select the Description tab and enter a title and comments as shown below.
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Data File: I C:\IRTPRO Examples\By Dataset\PISA MathEookl\PIShMathEooklUSUKEX.TRT—gerJ Read file |

Testl |

Description lGroup|| ltems || Models || Scoring || Simulation |

Title:
Simulation of data fora TRT model

Comments:

Simulation is based on the file PISAMathBookTUSUKEX. TRT-prm.txt
2 Datasets will be generated each with 5% missing values.
Number of dimensions = 6

Options... |

From the Group tab, select the variable Group then click on the Items tab and select all the items
listed. Make sure that the Apply to all groups button is clicked before proceeding to the Models
tab. Use the Apply to all groups button to ensure that the same models are selected for both groups.

The Group, Items and Models screens are shown below:
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Data File: I C:\IRTPRO Examples\By Dataset\PISA MathEookl\P]SAMathEooklUSUKE)(.TRT—gerJ Read file |

Testl |
| Description| Group lltems |\Models”Scoﬂng||Simukation|

List of variables

Group
Applesi
Apples2
Continent
Cubel
Cube3
Cube4
Farms1

Farms4 =
Grow] [Ref] Name | Group | Dim

Grow2 ¥ G1 1 1

Grow3 C1G2 2 1
Walking1
Walking3

Options... | OK I Cancel

Data File: I C:\IRTPRO Examples\By Dataset\PISA MathEookl\P]SAMathEooklUSUKEX.TRngerJ Read file |

Testl |

| Description || Group | Items l Models I| Scoring I| Si.mutati.nnl

Group

Grouping value: I[G1]]

List of variables Items:

Continent Cube3
Cubel Cube4

Cubel Farms1
Cubed | Farms4
Farms1 Grow1
Farms4 Grow2
Grow1 = Grow3
Grow? MNumber of latent Walking1
Grow3 dimensions Walking3

Walking1 0
Walking3 ] [T
et povly o st g

Options... | oK I Cancel
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Data File: I C:\IRTPRO Examples\By Dataset\PISA MathEookl\P]SAMathEooklUSUKE)(.TRT—gerJ Read file |

Testl |

|Description || Group || ltems | Model I° ing || Si

Grouping value:

Item List Categmie#)ata CuchBm Scure4 Model |
Apples1 |3 0.1 0.1 2PL

Apples2
Apples3
Continent
Cubel
Cube3
Cube4
Farms1
Farms4
Grow1

Group
[G1]1

| *"\nl

2
3
3
2
2
2
2
2
2

Read parameter values..

0.1

0.1,
0.1,

0.1
0.1
0.1
0.1
0.1
0.1

0.1

0.1,
0.1

0.1
0.1
0.1
0.1
0.1
0.1

2PL
Graded
Graded
2PL
2PL
2PL
2PL
2PL
2PL
Apply to all grou

Options... |

OK I Cancel

Next, click the Read parameter values... button (lower right-hand corner just below the Item List
column, see image above) to activate the Open dialog.

|| « IRTPRO Examples » By Dataset b PISA MathBookl v | 42 | Search PISA MathBook P

S 2

| Organize ~ New folder

.| Libraries
. Documents
. Music
=L Pictures
!, Videos

& Computer
& 05 (C)
<= RECOVERY (D:)

st Removable Disk (F) MG T

Name

| PISAMathBooklUSUKEX.IRT-prm.txt

| PISAMathBooklUSUKEX.TRT-prm.txt

3

E PISAMathBooklUSUKEX.TRT-prm.txt Date modified: 11/18/2016 8:10 PM

Text Document

Size: 249 KB

Date created: 11/18/2016 8:10 PM

File name: PISAMathBooklUSUKEX TRT-prm.txt hd IParameter File (*-prm.txt) (* Vl

| Open |V|| Cancel ]

Click the Open button to return to the Simulation window. Select the Simulation tab and make the

following selections:
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Number of Examinees per group = 1000 (the default)
Number of Replicate Datasets = 2 (default = 1)

Check the save as —simul.ssig files (default is =simul.txt)
Percentage missing values = 5%

O O O O O

Select Random number generator seeds (defaults = 4987 and 7681)

Testl |

|Description || Group || ltems || Medels || Scoring| Simulation

[V Simulation

Data File: I C:\IRTPRO Examples\By Dataset\PISA MathEookl\P]SAMathEooklUSUKEX.TRT—ge-rJ Read file |

Group: Group

Mumber of replicate datasets: Ig

Random number generator's seed for.

Latent variable deviates: |493? Newseed |
Creating item responses: I?ﬁm Newseedl

Options... | OK I Cancel

The simulation procedure is started by clicking the Run button.

Selections of the output are shown below:
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Project:

Simulation of data for a TRT model

Simualtion is based on the file PISAMathBook 1USUKEX TRT-prm.bd 2

Description: Datasets will be generated each with 5% missing values.
Date: 18 Movember 2016
Time: 10:26 PM

Table of Contents

2PL Model tem Parameter Estimates for Group 1, logit: aé + ¢

Graded Model Item Parameter Estimates for Group 1, logit ad + ¢

2PL Model tem Parameter Estimates for Group 2, logit: ab + ¢

Graded Model Item Parameter Estimates for Group 2, logit af + ¢

Group Parameter Estimates:

Summary of the Diata and Control Parameters

2PL Model Item Parameter Estimates for Group 1, logit: ab + ¢ {Back to TOC)

Item

Label

a

a

a

a

8

1 2 3 4 3 & c
1 Apples 1.51 0.00 0.00 0.00 1.51 0.00 0.25
2 Apples2 276 0.00 0.00 0.00 276 0.00 -3.27
5 Cubel 0.99 0.99 0.00 0.00 0.00 0.00 0.62
G Cube3 3.34 3.34 0.00 0.00 0.00 0.00 3.51
7 Cubed 1.24 1.24 0.00 0.00 0.00 0.00 -1.26
g Farms1 2.47 0.00 2.47 0.00 0.00 0.00 -0.01
9 Farms4 075 0.00 075 0.00 0.00 0.00 0.20
10 Grow1 1.25 0.00 0.00 0.00 0.00 1.25 -0.04
12 Grow3 153 0.00 0.00 0.00 0.00 153 0.3
13 Walking1 2.65 0.00 0.00 2.65 0.00 0.00 -2.31
Graded Model ltem Parameter Estimates for Group 1, logit: ab + ¢ (Back to TOC)
Item Label a4 dy CE) 8y dg, dg
3 Apples3 3.05 0.00 0.00 0.00 3.05 0.00
4 Continent 1.97 0.00 0.00 0.00 0.00 0.00
11 Growz2 0.88 0.00 0.00 0.00 0.00 0.88
14 Walking3 2.65 0.00 0.00 2.65 0.00 0.00

Graded Model Item Parameter Estimates for Group 1, logit: ab + ¢

Iltem

Label

c

C.

C.

1 2 3
3 Apples3 -4.04 -6.14
4 Continent -1.33 -4.07
11 Growz2 1.81 -0.65
14 Walking3 -1.80 -4 .87 -6.69

Summary of the Data and Control Parameters (Back to TOC)

Group: Group 1 Group 2
Mumber of Examinees 1000 1000
Mumber of ltems 14 14

Mumber of Dimensions &

To view the files generated by the simulation procedure, use the File, Open option and select files

of type (*.ssig) as shown in the Open dialog below.
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Organize ~ New folder

- 0O e

| Libraries
* Documents
,‘J} Music
2= Pictures
g Videos

‘& Computer
& 05(C)
<3 RECOVERY (D:)

mi= Removable Disk (F:)

MName

| PISAMathBook1USUK ssig
| PISAMathBooklUSUKEX.TRT-gen.ssig
| PISAMathBooklUSUKEX.TRT-gen.Test1-simull.ssig

Date mod

7/19/2011
11/18/201
11/18/201

| | PISAMathBooklUSUKEX.TRT-gen.Test1-simul2.ssig

11/18/201 Mo preview

v<|

1 ]

available.

L, PISAMathBook1USUKEX.TRT-gen.Testl... Date modified: 11/18/2016 10:26 PM

SSIG File

Size: 136 KB

Date created: 11/18/2016 10:26 PM

File name: PISAMathBooklUSUKEXTRT-gen.Testl-simul2.ssic * IIRTPRO Data File (*.ssig) V]

[ 7] [_cown |

The first 15 records of the second replicate file is shown below. Note that -1 denotes a missing value.

71 IRTPRO - [PISAMathBook1USUKEX.TRT-gen.Test1-simul2.ssig

[®] File Edit Data Manipulate Graphics Analysis View Window Help

lelx

B EIEEEE]

Replicate Group I CazeMum | Applesl I Apples? I Applez3 | Continent Cubel I Cubed = |
1 1 1 0 0 1 1 1 1 @
FE 1 2 1 0 0 0 1 1
EE 1 3 0 n 0 0 0 n
1 |2 1 1 1 n 0 1 1 1
5 |2 1 5 0 0 0 0 1 1
E |2 1 I 0 i 0 0 0 1
E 1 7 1 1 0 0 1 1
FE 1 I 1 n 0 1 0 1
3 |2 1 L 1 1 1 1 0 1
SE 1 10 0 1 2 1 1 1
1|2 1 11 0 0 0 0 1 n
12 |2 1 12 0 i 0 0 1 n
13 |2 1 13 1 i 0 0 1 1
14 |2 1 14 0 1 0 0 0 1
15 |2 1 15 0 1 0 1 1 1 -
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10. Fixed Theta Estimation

10.1 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.

10.2 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 & Joreskog (1990), Joreskog (1990), and Joreskog & Moustaki
(2001, 2006), among others. Inthisexamplewe use data from the first cross-section of the USA, Germany,
The Netherlands, Austria, Italy, and Switzerland samples.
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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
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: | do not think that public officials care much about what people like me think
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 of 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 Thetal 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.
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[#] File Edit Data Manipulate Graphics Analysis View Window Help mmm
DSl LERE R

Country NOS&Y | WOTING | COMPLEX | MOCARE | TOUCH | INTEREST Thetal | ThetaZ =
1.42082 200026 @
051333 -0.63564
|-0.61597 -1.10288
|-0E097E 072588

10,7060 1.55199
11.15451 11.45104
-0.61597 -1.10383
|0.E577 087753
028332 03783

110232 11.43885

PO L ML R R W L R R
S oo MR R W R W R
TR MR L R L L Ly —
R N R R R R NPT N
T R L = R L L Ly —

kRS RS A = 4 R RO D

Country is used as the grouping variable. By right-clicking on the Country heading, three menu items
are obtained as shown below.

Country 1 I T I
Insert
1 Remove
3 | ;
remt Properties
5 |1 |2 |2

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

Properties

Name: |‘Country v] L’

Type: [Fixed point Type: [Dlscrete

Description:  Political Efficacy Data

Label
UsSA

Germany

The Netherlands
Austria

Britain

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

E IRTPRO - [efﬁcaqr_six_countries.s_

||m File Edit Data Manipulate |Graphics| Analysis View

DEE =R 7

Country

LR TR RN LT ]
LR L R TR ]

Univariate...
Bivariate...
Continuous...

Item Response

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

A graphical display of the distributions is shown below:

Select Group

:
commos (NN s

’ Country

Select Variables

[| Thetal

Country ws Thetal

Country ws Theta?

(5] e o (s3]
= = = =
[ ) ) )

Fleyue vy

ra
=
[

100

GO0

500

400

300

Fleyuel Ly

20n

100

oo

o2

ra
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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.

Analysis | View Window Help
Traditional Summed-Score Statistics...

Unidimensional IRT...
Multidimensional IRT...
IRT Scoring...

IRT Simulation...

Advanced Options...

v Show Progress Box

Type in a title and comments as, for example, shown below.

Data File: I C:\IRTPRO4 Examples\Fixed Theta\Efficacy Six Countries‘\eﬁﬁcacy_six_countries.ssiJ Read file |

cFA |

Description lGroupl| ltems || Models || Scoring || Simulation |

Title:

Confirmatory factor analysis of Political Action Survey data

Comments:

Sixvariables representing the operational definition of political eficacy will be used.
Forillustrative purposes data from the first cross-section of the Britain, West Germany.,
Metherlands, Austria, USA and ltaly samples are included.

Options... | 0K I Cancel

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

260



|

Data File: I C:\IRTPRO4 Examples\Fixed Theta\Efficacy Six Countries‘\eﬁﬁcacy_six_countries.ssiJ Read file |

crA |

| Description| Group I ltems ||ModeLs||Scorlng||Slmulatlon|

List of variables:

Country
NOSAY

VOTING
NOCARE
TOUCH
INTEREST
Thetal
Theta2

[Ref] Name | Country | Dim
Gl 1 1
G2 2 1
C1G3 3 1
G4 4 1

Options... | 0K I Cancel |

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.

Apply to All Groups : u

Previous settings will be lost.
Do you want to continue?
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Data File: I C:\IRTPRO4 Examples\Fixed Theta\Efficacy Six Countries‘\eﬁﬁcacy_six_countries.ssiJ Read file |

crA |

| Description || Group| ltems I Models || Scoring || Simul.ationl

Country
Grouping value: I[G1]1

List of variables: Items:

NOSAY NOSAY
VOTING VOTING
COMPLEX COMPLEX
NOCARE NOCARE
TOUCH TOUCH
INTEREST INTEREST
Thetal
Theta2 MNumber of latent
dimensions:

P

Apply to all groups

Options... | 0K | Cancel |

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.
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crA |

Country

|Desc:ipti0n||GmupI| ltems | Models ISConnguSimuLaﬁonl

Data File: I C:\IRTPRO4 Examples\Fixed Theta\Efficacy Six Countries‘\eﬁﬁcacy_six_countries.ssiJ Read file |

Grouping value: I[G1]1

1.2.3.4

0123

Graded

| Item List Categuriesi)ata Cudehem Scure4 Model
@ 4

VOTING 4
COMPLEX 4
NOCARE 4
TOUCH 4
INTEREST 4

Constraints... | EFA.. | Bifactor...

1.2.3.4
1.2.3.4
1.23.4
1.2.3.4
1.2.3.4

0.1.23
0.1.23
0.1.23
0.1.23
0.1.23

Graded
Graded
Graded
Graded
Graded

Options... |

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.

||

Group: Country

l Group, Itemn - |
G1, NOSAY al 1 a2 2 cl 3 c2 4
G1, VOTING al 6 a2 7 cl 8 c2 9
G1, COMPLEX al 11 a2 12 cl 13 c2 14
G1, NOCARE al 16 a2 17 cl 18 c2 19
G1, TOUCH al 21 a2 22 cl 23 c2 24
G1, INTEREST al 26 a2 27 cl 28 c2 29
G2, NOSAY al 31 a2 32 cl 33 c2 34
G2, VOTING al 36 a2 37 cl 38 c2 39
G2, COMPLEX al 41 a2 42 cl 43 2 44
G2, NOCARE al 46 a2 47 cl 48 2 49
G2, TOUCH al 51 a2 52 cl 53 2 54
G2, INTEREST al 56 a2 57 cl 58 2 59

G3, NOSAY al 61 a2 62 cl 63 2 64 Vl

»

a

Set parameters equal across groups
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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.

-

# | item Parameter Constraints

I

|

Group: Country

Item, Group
NOSAY, G1
NOSAY, G2
NOSAY, G3
NOSAY, G4
NOSAY, G5
NOSAY, G6
VOTING, G1
VOTING, G2
VOTING, G3
VOTING, G4
VOTING, G5
VOTING, G6
COMPLEX, G1
COMPLEX, G2
COMPLEX, G3
COMPLEX, G4
i COMPLEX, G5
COMPLEX, G6
i NOCARE, G1
NOCARE, G2
! NOCARE, G3

J

al

al
al
al
al
al
al
al
al
al
al
al
al
al
al
al
al
al
al
al

11
16
21
26
31
36
41
46
51
36
61
66
71
76
81
86
o1
06
101

a2
a2
a2
a2
a2
a2
a2
a2
a2
a2
a2
a2
a2
a2
a2
a2
a2
a2
a2
a2

102

cl
cl
cl
cl
cl
cl
cl
cl
cl
cl
cl
cl
cl
cl
cl
cl
cl
cl
cl
cl
cl

3
8
13
13
23
28
33
38
43
48
33
38
63
63
73
78
a3
a3
93
93
103

Set parameters equal across groups

c2
c2
c2
c2
c2
c2
c2
c2
c2
c2
c2
c2
c2
c2
c2
c2
c2
c2
c2
c2
c2

9
14
19
24
29
34
39
44
49
54
50
64
69
74
79
84
89
94
ag

104|
4

oK | Cancel ‘ |

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 al 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:
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| Group: Country

NrADC ™7
f

l Item, Group i~
| NOSAY, G1 al 1 cl 3 2 4
NOSAY, G2 al 6 cl 8 2 9
NOSAY, G3 al 11 cl 13 | 2 14
NOSAY, G4 al 16 cl 18 | c2 19
NOSAY, G5 al 21 cl 23| 2 24
NOSAY, G6 al 26 cl 28 | 2 29

VOTING, G1 al 31 cl 33| 2 34 | —
VOTING, G2 al 36 cl 38 | 2 39
VOTING, G3 Set Parameters Equal 43 44
VOTING, G4 T 48 | 2 49
VOTING, G5 53 | c2 54
VOTING, G6 Set Parameters Free — — —
COMPLEX, G1 al 61 cl 63 | 2 64
COMPLEX, G2 al 66 cl 68 | c2 69
COMPLEX, G3 al 71 cl 73| 2 74
COMPLEX, G4 al 76 cl 78 | 2 79
COMPLEX, G5 al 81 cl 83 | 2 84
COMPLEX, G6 al 86 cl 88 | 2 89
NOCARE, G1 al 91 | a2 92 | ¢ 93 | 2 94

=1 ns | =7 n7T | 1 no ~1 m_ILI

3

Set parameters equal across groups

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

o |

Cancel |
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-
| | Item Parameter Constraints u

Group: Country
l Item, Group -
NOSAY, G1 al €1 2 2 3
NOSAY, G2 al €1 ] 2 7
NOSAY, G3 al €1 10 2 11
NOSAY, G4 al €1 14 2 15
NOSAY, G5 al €1 18 2 19
NOSAY, G& al €1 22 2 23
VOTING, G1 al €1 26 2 7 | —
VOTING, G2 al €1 30 2 31
VOTING, G3 al €1 34 2 33
VOTING, G4 al €1 38 2 39
VOTING, G5 al €1 42 2 43
VOTING, G6 al €1 46 2 47
COMPLEX, G1 al €1 30 2 31
COMPLEX, G2 al €1 4 2 35
COMPLEX, G3 al €1 38 2 39
COMPLEX, G4 al €1 62 2 63
COMPLEX, G5 al €1 1] 2 a7
COMPLEX, Gb al d €1 70 2 71
NOCARE, G1 al €1 73 2 76
MNCADC M7 =1 70 | =7 T0 | 1 an ~ LR} i
1 |“ | d

Set parameters equal across groups

0K | Cancel |

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

Group: Country
I
Item, Group -
COMPLEX, G3 al 57 cl 58 c2 39
COMPLEX, G4 al 61 cl 62 c2 63
COMPLEX, G5 al 63 cl 66 c2 67
COMPLEX, Gb cl 70 c2 71
NOCARE, G1 a a2 73 cl 74 c2 73
NOCARE, G2 al a2 77 cl 78 c2 79
NOCARE, G3 al a2 81 cl 82 c2 83
NOCARE, G4 al a2 83 cl 86 c2 87
NOCARE, G5 al a2 89 cl an c2 a1
NOCARE, G& al a2 a3 cl 94 c2 a3
TOUCH, G1 al a2 a7 cl 03 c2 a9
TOUCH, G2 al a2 101 «cl 102| c2 103
TOUCH, G3 al a2 105 «cl 106 c2 107
TOUCH, G4 al a2 109 «cl 110) c2 111
TOUCH, G5 al a2 113] «cl 114| c2 115
TOUCH, Gé& al a2 117 «cl 118 c2 119
INTEREST, G1 al a2 121| «cl 122| c2 123
INTEREST, G2 al a2 125 «cl 126| c2 127
INTEREST, G3 a2 129 «cl 1300 «c2 131
INTEREST, G4 0 a2 133 «cl 134| c2 135
INTEREST, G5 0.0 a2 137 «cl 138 «c2 139
INTEREST, G6 0.0 a2 141| «cl 142| c2 143 LI

< | o

Set parameters equal across groups

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.
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| Advanced Opti
|| Test: ICFA LI Apply to all tests |

Estimation IStamng Valuesl| Fixed Thetas || Priors || Mi.scellaneousu Save l

Estimation method: MH-RM o
Convergence Controls

Convergence monitor window I 3 3: Convergence criterion: I 0.001

Control Parameters

Mumber of stage 1 I 7| 3 Humber of stage II cycles: I 100 3:
Maximum number |2[][][] 3 Monte Carlo size for final I 10000 3:

of stage III cycles: log-likelihood approx.:

Tuning Parameters

i} =
Number of I 1 3: ﬂurn-in:l 10 3: Ihinning:l 0 3:
Initialization gain I 0.1 Alpha: I 1 Epsilon:l 1

Covariance Matrix Computation

Metropolis sampler Spherical -
I a —I ® Accumulation e
Sarmple size

Metropolis proposal density std. dev.: |1 ¢ Mante Carlo: I 1000 3
Default |

(0]4 | Cancel | Apply |

To start the fixed theta analysis, click on the Fixed Thetas tab and select the external variables
Thetal and Theta2.
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Test: |CFA

List of variables:

| Estimation [“ Starting Values| Fixed Thetas lF’riOrs [“ Miscellaneousm Save "

ﬂ Apply to all tests

Variables:

MOSAY
VOTING
COMPLEX
MOCARE
TOUCH
INTEREST
Thetal
Theta2

Thetal
Theta2 |

(0]4 | Cancel ‘ Apply ‘ i

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-likelihood value is computed.

B | IRTPRO

-

Init
Init
Init
Init
Init
Init
Init

Group
Group
Group
Group
Group
Group
Data

IRTFRED: Te=t 1
Far=ing config

1]

O L0 0 =

Record 9893 .~ 9893
Beginning IRTFRED computations

Initializing integration methods. . . done.

Initializing segment structures. . .done.

Initializing item structures...done.

Initializing data structures.. done.

HH-EM: Stage 1

# 200; AR: 1.00; Fn: -61658 . 84

HH-EM: Stage II

# 100; AR: 1.00; Fn -61658 . 84

HH-EM: Stage III

& 1; AR: 1.00; Fn —61658 . 84; Gam: 0.50; Tol: 1; FP¥: 22: Chg:
# 2: AR: 1.00; Fn: —61658 . 84; Gam: 0.33; Tol: 2; F#: 133; Chg:
& 3; AR: 1.00; Fn —61658 . 84; Gam: 0.33; Tol: 3; P¥: 129: Chg:
HH-EM: Stage IV

Honte Carlo approximaticn to the log-likelihood. . .

o.ooan
o.ooon
o.ooaon

Once this computation is completed the output results are displayed in the form of an htm file.
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[8°] File Edit View Analysis Window Help

e[

|- [=]x]

S IEEYL-IER]

IRTPRO Version 4.0

Output generated by IRTPRO estimation engine Version 5.20 (64-bit)

Project: Confirmatory factor analysis of Political Action Survey data
Six variables representing the operational definition of political efficacy
0 intion: will be used. For illustrative purposes data from the first cross-section of
e IE the Britain, West Germany, Metherlands, Austria, USA and ftaly samples
are included.
Date 18 Movember 2016
Time: 12:45 PM
Table of Contents

Graded Model Item Parameter Estimates for Group 1, logit: a8 + ¢
Graded Model ltem Parameter Estimates for Group 2, logit: a8+ ¢
Graded Maodel ltem Parameter Estimates for Group 3, logit aB + ¢
Graded Model Item Parameter Estimates for Group 4, logit: a8 + ¢
Graded Model ltem Parameter Estimates for Group 5, logit: a8 + ¢
Graded Maodel ltem Parameter Estimates for Group 6, logit aB + ¢
Group Parameter Estimates:

Likelihood-based Values and Goodness of Fit Statistics

Summary of the Data and Control Parameters

Graded Model ltem Parameter Estimates for Group 1, logit: ab + ¢ (Back to TOC)

Item Label a, se a, se ¢4 se s se C3 s.e
1 MNOSAY 4 201 0.10 0.00 — 1 378 013 2 058 0.07 3 -412 0.14
2 VOTING 8 156 0.07 0.00 — 5 204 008 & -0.48 0.06 T -365 0.13
3 COMPLEX 12 -2.04 0.08 0.00 — % 195 0.08 10 -1.80 0.08 11 -4.30 015
4 NOCARE 0.00 — 18 380 014 13 454 017 14 -0.80 009 15 744 0.27
5 TOUCH 0.00 — 20 325 012 17 363 014 18 209 010 198 782 0.32
] INTEREST 0.00 — 24 373 014 21 41 016 2 145 009 23 g2s 0.33

Graded Model ltem Parameter Estimates for Group 2, logit: ab + ¢ {Back to TOC)

Iterm Label dy e gy se = se. = e Cy se
1 MNOSAY 22 289 0.09 0.00 — 25 199 009 26 287 011 2T -7.00 0.21
2 VOTING EE K| 0.06 0.00 — 28 114 007 30 219 008 3 545 0.16
3 COMPLEX 3¢ -153 0.05 0.00 — 3 134 0.06 34 -1.31 0.06 35 -3.68 010
4 NOCARE 0.00 — 4 372 011 37 258 010 38 179 008 3% H70 0.20
5 TOUCH 0.00 — 44 323 010 41 158 008 42 -2.87 010 43 722 0.24
G INTEREST 0.00 — 48 amn 011 45 271 010 46 129 0.07 47 506 0.18e

Graded Model Item Parameter Estimates for Group 3, logit: a8 + ¢ _(Back to TOC)

|3
=

m

——
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11. Model-based graphics

11.1 Introduction

The model-based graphics option in IRTPRO is only available for unidimensional IRT models. There
are five different display types available, these being:

o Trace lines (Section 11.2).

Item information curves (Section 11.3).

Combined display of trace lines and item information curves (Section 11.4).
Total information curve (Section 11.5).

Test characteristic curve (Section 11.6).

o O O O

There are two ways to display IRT graphics. The first method is to run a unidimensional analysis. On
successful completion of the analysis, an output file with extension -irt.htm is produced. With the -
irt.htm content displayed, select Analysis, Graphs to obtain trace lines, information, and test
characteristic curves.

-~ IRTPRO - [Asthma34 m

(@] File Edit View 7 Window Help
DEH| 2 Graphs |
—

Alternatively, on successful completion of a run, IRTPRO produces a plot file with the extension -
irt.irtplot. One can use the File, Open option to locate this file.

Cown . ==
Lookin: | Asthma34 >~ © @ E
B Name . Date modified
-~z Asthma_34.sav 6/5/2011 12:11 PM
Recent Places Asthma_34.ssig 6/5/2011 12:21 PM
I ! “h] Asthma3d.csv 2/11/2011 9:55 AM
I | Asthma34.irtpro 6/19/2011 11:05 AM
Desktop Asthma34.psf 6/5/2011 12:09 PM
| . Asthma34.ssig 2/11/2011 9:55 AM
wal | Asthma34.Testl-irthtm 6/19/2011 11:05 AM
Libraries Asthma34.Testl-irtirtplot 6/19/2011 11:05 AM
| A
I Computer
I - < | 11 »
| Network
Files oftype: IAHFHES("*) VI [ Cancel ]
IRTPRO Command File (.iftpro)
IRTPRO Data File (*.ssig)
1 Fixed Format Data (* fixed)
IRTPRO HTML Output File (*.htm
IRTPRO Plot Files (* irplot |h
AllFiles (*)

The Graphics window is displayed by either selecting the Analysis, Graphs option or by opening
the plot file. By default, trace lines are displayed when this window is opened.
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File Edit View Graphs ChartIype Tools Help
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11.2 Trace lines

A trace line (item characteristic curve) is a nonlinear function that portrays the regression of the item
score on the trait or ability measured in a test.

In the case of binary data, two trace lines are shown, one for the positive response and the other its
complement. In polytomous models such as the graded response model and nominal response
models, trace lines for each response category are plotted. Each curve shows the selection probability
of a category of the item as a function of 6.

By default, trace lines for all the items selected under the Models tab are displayed simultaneously
for each group. Trace lines for the first four items of Group number 1 of a two-group analysis are
shown below.
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- e - —
File Edit View Graphs ChartType Tools Help
HERIER] i
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: F1]Group 1
P -
| @=m Group 2 Group 1. PAIST Group 1. PAIS? ™
- Information
@ Combined g
[t Total Information Curve
-8 Test Characteristic Curv o
z z
T 08 3
& 8
3 8
2 g
0.2 E
oo
-3 -2 1 1} 1 2 3
Theta
Group 1. PAIS3 Group 1. PedsQL-AT
z z
o =}
& ]
3 8
2 2
o o
-
« in 3
f[Ready J

To view the trace lines for any specific item, double-click on the relevant graphics box, or, if for
example the item PAIS3 of the second group is of interest, click on the Group 2, PAIS3 link using
the trace line tree expansion shown below.

-
. BEER
" Asthma28.Graded 2GRP-irtirtplot - IRTProGraphs e | S o
o . —
‘ Eile Edit View Graphs Chart Iype JIools Help
EEEIEIE
(=3 Trace lines Wl Graph \E Tab\e‘
(&) Group 1
E4E Group 2 Group 2, PAIS3
i PAIS1
dll PAIS2 101G1,0
[IRPAIS3
il PedsQL-A1
< il PedsQL-A2 o4 o
[ Information >
- Combined 08
(& Total Information Curve
- Test Characteristic Curv
07
06
=
]
8
2
o 05
o
G1,2
G1,3
04
03
02
01
oo
-3 2 1 o 1 2 3
Theta
<« ] 3
Ready
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11.3 Item Information

Item information is a function of @ ; it provides valuable insight about the precision of measurement
provided by the item. It is of particular use in test construction, where these curves can be used to
ensure the inclusion of different items that maximize the precision of measurement at various levels
of & in the test.

In the case of the 2PL model, for example, the item information function is given by (Hambleton &
Swaminathan, 1985, Table 6-1)

8 {1+6Xp [-(6-b )]}71 {1—(1+exp [-(6-D, )])1}

with the maximum value directly proportional to the square of the item discrimination parameter, a.
A larger value of a is associated with greater information. The maximum information is obtained at
b .

For the three-parameter model, the information function is (Hambleton & Swaminathan, 1985, Table
6-1)

ot fi-(rrew[-(0-0)]) Jfrrew(o-0)]" o]

{1-c}
The maximum information is reached at

bi+§ln[1/2+1/2 1+8c, |

An increase in information is associated with a decrease inc, . The maximum information is obtained
when ¢, = 0. Baker & Kim (2004) contains information function equations for most of the IRT
models available in IRTPRO.

The slope of the trace line plays a significant role in the information provided by an item. An increase
in the slope means the item provides more information. The use of items with more information
leads to smaller standard errors of measurement. By assessing these curves, items that contribute
little information, and therefore contribute little to precision, may be identified and discarded.

To obtain the item information curves, click on the Information link. As before, simultaneous
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displays of all the item information curves are obtained. By scrolling up or down, all items can be
viewed if there are many items in a test.

= i e ey ey EE
= AsthmaZEEraEed _‘EGRP—lrt.lrtplo‘t— IRTProGraphs - :-:

Eile Edit View Graphs ChartIype Iools Help
I IEIE
- Trace lines il Graph \E Tab\e| -
=& Information
i g PAIST PAISZ PAIS3
foup q 4 4
(] Combined c c c
i N o 3 o 3 o 3
- Total Information Curve " B ® |
(-] Test Characteristic Curv g H g H E 2
£ =9 =9 i
I
0 ] ] I
32001 23 32012 3 3210012 03
Theta Theta, Theta
PedsOL-Al PedsQL-A2
4 4
c c
23 23
£ £
te— 2 te— 2
£9 =9
0 ]
32001 23 32012 3
Theta Theta
<« 1 » -
Read 4
£ =

One can also change the number of columns of plots from three (see above) to less or more columns.
This is accomplished by clicking Tools on the main graphics menu bar to select the Options dialog

shown below.

Options

Number of columns on simultaneous plots
©n
®2
@3
@4
| GE

Combined charts

©5haw an single chark

(7) Show twa charts

Univariate / Multivariate Charts
(") Show on single chart
(@) Show multiple charts

Show Missing VYalues

[ Superimpose groups (OIF)

Loe ]

Cancel

Just as in the case of trace lines, one can view one information curve at a time by expanding the
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Information tree and by clicking on the item to be displayed. This is illustrated below for PedsQL-
A2 (item 5 of the second group).

_
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il

Information
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To view the co-ordinates used to plot a graph, the Table icon next to the Graph icon in the graphics
window can be selected. Use Edit, Copy (Ctrl+C) to copy the contents of the table to the clipboard
if you need to paste these values into another document.

—
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File | Edit| View Graphs Chart Type Tools Help
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1700 0132
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Copy the selection and put it on the Clipboard
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11.4 Combined trace lines-information curves

The user additionally has the option to obtain a combined trace lines-information curve presentation.
This is illustrated below for Groupl, item 5 (PedsQL-A2). Just as in the previous cases, the default
selection is the simultaneous display of all the items that are obtained by clicking on Combined.
Note that the information curve is displayed as a dashed line and that the information scale is shown
on the right side of the graph.
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File Edit View Graphs ChartType Tools Help
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| g 2%
E
N
1
3
< il »
Ready J

For reporting purposes, a researcher may prefer to display the trace lines and information curves as
two separate vertically stacked plots. This is achieved by selecting the Tools, Option dialog and by
making the appropriate choice (Show two charts) in the Combined charts pane.

Options &f

Nurnber of columne on sirmultansous plots
@1
®:
©4
©s

Combined chars

() Show on single chart

Univarigte / Multivariate Charts L
(7) Show on single chart

(@) Show multiple charts

Show Missing Values

[ Superimpose groups (DIF) L

[ (0] ] [ Cancel [
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The Show two charts choice results in a trace lines graph stacked above the information graph for

the item selected.

" Asthma28.Graded_2GRP-irt.rtplot - IRTProGraphs
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E2 (® Trace lines il Graph @ Tab\e‘

Group 1, PedsQL-AZ

PedsQL-A2

Theta

Ready

11.5 Total Information

The total information (or test information) function summarizes the information function for a set of

items or test. The contribution of each item in the test to the total information is additive.

The slope of the trace line plays a significant role in the information provided by an item. An increase
in the slope means the item provides more information. The use of items with more information
leads to smaller standard errors of measurement. By assessing these curves, items that contribute

little information, and therefore contribute little to precision, may be identified and discarded.

The measurement error variance of the MAP scale score is (on average) inversely related to the
amount of information provided by a set of test items at any level of &, so on average, the standard
error of MAP estimates at ability level & can be written as

1

SE(0) = ———.

1(6)

The contribution of both item and test information curves are summarized by Hambleton &

Swaminathan (1985) as follows:
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"The item and test information functions provide viable alternatives to the classical concepts of
reliability and standard error. The information functions are defined independently of any specific
group of examinees and represent the standard error of measurement at any chose ability level. Thus,
the precision of measurement can be determined at any level of ability that is of interest. Furthermore,
through the information function, the test constructor can precisely assess the contribution of each
item to the precision of the total test and hence choose items in a manner that is not contradictory
with other aspects of test construction.”

The graph shown below is obtained by clicking on the Total Information Curve link. The solid
line shows the total information curve at various value of theta. The corresponding standard errors
are presented by the dashed line. The standard error scale is given on the right-hand vertical axis.
The curves below are based on all the items that are included in the model.
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The next graphical presentation shows the total information and standard errors when Items 2 and 3
(PAIS2 and PAIS3) are omitted.
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11.6 Test Characteristic Curves

The test characteristic curve is the expected value of the summed score for a test, or a set of items,
as a function of 8. In the image below, the test characteristic curves for Groups 1 and 2 are displayed.
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The next graphical presentation shows the test characteristic curve for group 2 when the item PedsQL-
A2 is omitted.
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Polytomous items each has expected score curves, which show the expected item score as a function
of @, computed by taking literally the numerically values of the item scores u=0,1,...,m—1 where

m is the number of response categories. Expected score curves are simpler than trace line plots for,
say, five response categories, because the latter have five curves, and the expected score is only
curve. While it is difficult to compare two items' sets of five trace lines, it is easier to compare two
items' expected score curves.

In IRTPROGraphs, expected score curves for individual items can be graphed by selecting only one
item with the check boxes in the list at the left side of the graphics window.

11.7 Controlling the appearance of a graph

The visual appearance of a graphical display can be changed before the graph is copied to another
document. This is accomplished by right-clicking in the plot area of the display that is to be modified.
This action activates the 2D Chart Control Properties dialog that provides the user with several
options (options available depends on the graph type). In the illustration below, we wish to change
the colors of the total information and standard error curves of the first group.
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This is accomplished by selecting the ChartStyles tab and then by clicking on the Name: (of the
color) arrow.

This action results in the display of a drop-down menu with a list of available colors. In the image
shown below, the color Dark Turquoise was selected.
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To change the color of the standard error curve from Black to Red, select ChartGroup2, Style 1 and
repeat the procedure described above.

8 - -

ChartArea | PlotArea | ChartLabels | View3D I Markers | AlarmZones
Contral | Axes | CharnGroups | ChantStyles | Titles | Legend

FillStyle | LineStle | Symbaistle | Siicesyle | [[]0]

Stylel

Style?

5523 Background Calor (pattemn):

Styled = RGB: | Patterm:
Ch IZI =

artGroup -
Stylel il MName: (Automatic) -
Fareground Calar (salid):

Add

- Red
Count: 1 i s v

e

Click OK when done to obtain the revised graphical display shown next.
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To change the format of the axes labels, select the Axes tab and click on the TitleFont selector
button to display the Font dialog. To illustrate, we selected the Lucida Bright font, size 10.
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This is an OpenType font. This same fontwill be used on both your printer
and your screen.

Click OK when done to obtain the revised graphical display shown below. Chapter 12 contains
additional examples illustrating the functionality of the 2D Chart Control Properties dialog.
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12. MCMC graphics

12.1 Introduction

The MmcmMmcC graphical procedure produces the following four types of plots that can aid further in
convergence checks:

Autocorrelations
Trace Plots
Running Means
Posterior densities

o O O O

Each of these plots will be briefly discussed in the following four sections and two illustrative examples
will be presented in Section 12.6. See also Section 7.3.3 for a multiple groups, two-dimensional
example.

To display the mCcMC graphs, select the Analysis, MCMC Graphs option when the output file is
displayed (-irt.htm file). Note that the estimation method must be MCMC.

’.;J'(L‘l IRTPRO - [AACL3_21 _Items.Testl-irt.htm]
[® | File Edit View |Analysis| Window Help
DeEE Graphs -
MCMC Graphs

|| IRTPRO Version z.-

12.2 Autocorrelations

Sample autocorrelation is a statistic that estimates the theoretical autocorrelation. The sample lag-h
autocorrelation is given by

& _ _ =
A, ! ¥ =k
- =h=l
L= T
N P
Sy =3
=1

The sample autocorrelation coefficient measures the similarity between MCMC draws as a function of
the time separation between them. It should be expected that the h-th lag autocorrelation is smaller with
increase in h (for example, the 2nd and 30th draws should be less correlated than the 2nd and 4th draws).
If the autocorrelation is still relatively high for higher values of k, it indicates a high degree of
correlation between draws and therefore slow mixing.

The display below is an example of an autocorrelation plot that indicates good mixing (left pane) and
one that indicates poor mixing (right pane).
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12.3 Trace Plots

A trace plot shows the values that the relevant parameter took during the runtime of the chain. The
mean (parameter estimate) of all the MCMC draws is represented by a horizontal red line.

The display below is an example of a trace plot that indicates good mixing (left pane) and one that
indicates bad mixing (right pane).
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12.4 Running Means

Running mean plots are used to check how well the MCMC chains are mixing. The Running Means
plot updates the means and standard deviations for each new cycle. In other words, once (for example)
the mean is known for the first few observations, it is updated using a special algorithm by just adding
the value of the next observation, and so on. The plots below show the means (blue line) + or — one
standard deviation.

Good Mixing Poor Mixing
10
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1.0 T
B..
11 7
E..
1.2¢ 1
5..
4
1.3¢
0 1000 2000 3000 0 1000 2000 3000

Cycle Cycle

The display above is an example of a running means plot that indicates good mixing (left pane) and
one that indicates bad mixing (right pane).

12.5 Posterior Densities

A posterior density plot is the histogram of the values in the trace-plot, i.e., the distribution of the values
of the relevant parameter in the chain. These plots are usually called marginal density plots. The display
below is an example of a trace plot that indicates good mixing (left pane) and one that indicates bad
mixing (right pane).
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12.6 Examples

12.6.1 3PL model with and without priors

The dataset (LSAT6.ssig) considered in this section is described in Thissen (1982) and contains five
dichotomously scored items obtained from the Law School Admissions Test (LSAT), Section 6.

To start the analysis, use the File, Open file dialog and navigate to the C:\IRTPRO
Examples\Unidimensional\3PL folder. Change the Files of type: selection from its default
IRTPRO Command File (*.irtpro) to IRTPRO Data File (*.ssig). In the Open file dialog, select
LSATG6.ssig and click the Open button. See the Open files dialog below.

[ Open u
@-\v . % Unidimensional » 3PL - @l
S— e eeee—
Organize » New folder = ~ [ .@.
. Multidimensi +  Name Date modified Type
. Quality of Lif : -
o | || Isat.ssig 7/19/201112:32 PM  S5IG File
. Traditional - - - =
o ) || IsatB-3plPriors. Testl-simull.ssig 12/2/2014 11:48 PM 551G File
. Unidimensio
J 1PL
J 2PL
J 3PL
. DIF =
 GPCredit
J Graded
, Neminal
| Perflogs - 4 T | 2
File name: Isatf.ssig = [IRTPRO Data File (*:ssig) -
[ Open |v] I Cancel ]
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The first 15 cases of this data are shown below.

[ in DS [l
i File Edit Data Manipulate Graphics Analysis View Window Help
[ [=][x]
SEEIEEEEEED |
C1 2 | 4 | o5 |-
1 i 0 0 0 (4
i =z o ] i i ]
3 00 ] 0 0 ]
4 |0 ] 0 0 1
5 |0 ] 0 0 1
] ] 0 0 1
7 o 0 0 0 1
g |0 0 0 0 1
3 o 0 0 0 1
0 |0 0 0 1 0
11 |0 ] 0 1 ]
12 |0 ] 0 1 1
13 |0 ] 0 1 1
14 |0 ] 0 1 1
15 |0 ] 0 1 1 8
: C
Done T 2

To set up the analyses, select the Unidimensional IRT ... option from the Analysis menu to invoke
the Unidimensional Analysis widow.

[Analysis | View Window Help || z=:=

Traditional Summed-5core Statistics...

Unidimensicnal IRT...
Multidimensional IRT...
IRT Scoring...

IRT Sirnulation...

Advanced Options...

v Show Progress Box

This window has six tabs called Description, Group, Items, Models, Scoring and Simulation. Start
with the default tab Description and provide a title and comments in the appropriate text boxes as
shown below. Note that the default name for the current analysis is Test1. Right-click on the Test1
tab and rename it to 3PL.
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[ r— B
Unidimensional Analysis &8

Data File: IC:‘!,IF‘.TPF‘.D ExamplesUnidimensional3PL Ysats. ssig J Read File |

3L |

Description 'Group l| ltems. || Modelsl|5coring ||Simu|ation|

Title:
Flve tems from the LSAT dataset

Comments:

3FL models fitted to each tem. Estimation method is MCMC
Lognomal(0, 1) priars on slopes
Beta(d.16) priors on guessing parameters.

Options... 0K I Cancel Run

Since this data contains no grouping variable, the Group tab is skipped and we proceed to the Items
tab, where all five items from the List of variables are selected. Then use the Add button to list
these items under Items.
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Unidimensicnal Analysis

Data File: I C:\IRTPRO Examples\Unidimensional \3PL Ysats. ssig

3pL |

| Description I|Group | tems 'Models||5mring ||Simulaﬁon|

Single Group Analysis

Grouping value: IN-:: Group Varable

List of variables:

1
c2

ﬁ fdd >> |
C5

Apply to all groups

Options... |

Proceed to the Models tab, select all the 2pL cells, right-click and change 2pL (the default for
dichotomous items) to 3PL.

2PL

3PL
Graded
GPCredit

Maominal

By selecting the 3PL model, the following message is displayed:

H

Changing model to 3PL will reset priors to default values:
- all Slope(s) to Lognormal, 0, 1
- Guessing to Beta, 4, 16

Do you want to continue?
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Click the Yes button to display the resultant Models dialog.

-
Unidimensicnal Analysis

3L |

Data File: I C:\IRTPRO Examples\Unidimensional\3PLYsat6. ssig

| Description I|Group || ftems | Models IScoring ||Simulation|

Grouping value: IND Group Variable

Data Codes

ltem Scores

Model

ltem List | Categories

Constraints... | DIF... |

0.1
0.1
0.1
0.1
0.1

0.1
0.1
0.1
0.1
0.1

3FL

Apply to &l groups |

QOptions... |

The next step is to change the estimation method from Bock-Aitkin EM (See Section 14.1) to MCMC
(see Section 14.4). This is accomplished by clicking the Options button (bottom left in the display
above) to select Mcmc from the Estimation tab.
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Test: [3p | Applymalltestsl

Estimation 'Starting Values || Priors I| Miscellaneous || Save I

Estimation method: I MC-MC |

Control Parameters

MCMC Seed: | 1971 3:
Maximum number of cydes: I 4000 3:
Monte Carlo size for final I 10000 3:

log-ikelihood approx.:

Tuning Parameters
Burn-in: I 2000 3:
Thinning: I 3 3:
Metropolis sampler type: ISymrnetric

Proposal density std. dev.: IO'E

The entry of information for the analysis is now complete and clicking the Run button in the lower
right of the Unidimensional Analysis dialog will start the MCMC procedure. Once output is
displayed (Isat6.3PL.htm), select the Analysis, MCMC Graphs option.

im0 s I it
% File Edit View [Analysis| Window Help [- & x|
= | p s Graphs |
MCMC Graphs -

IRTPRO Version 3. b
QOutput generated by IRTPRO estimation engine Version 5.10 (64-bit) H
Project: Flve itemns from the LSAT dataset
Description: 3PL models fiited to each item. Estimation method is MCMC
Date: 18 December 2014
Time: 10:23 PM
Table of Contents

APL Model Item Parameter Estimates for Group 1, logit: a8 + c or a(8 — &)

To select all the items from the resultant menu below, hold the shift key down and then click left on
the first and last item label.
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Select parameters of interest (maximum 50)

[l (P1,G1)tem_1_logitg

G1)kem_3_a
0,G1)kem_4_logitg
1,G1)kem_4_c
2,G1)kem_4_a

51)ftem_5_logitg
G1)kem_5_c
(P15,G1)Item_5_a

Click on any of the "boxes" on the left of the dialog to obtain the screen shown below. Alternatively,
all the items marked blue will also be selected if the space bar is pressed.

(P9,G1)em_3_
[Fd|(P10,G1)Item_4_logitg
1,G1)kem_4_c
(P12,G1)kem_4_a
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Click OK to display the autocorrelations. This is the default type for the four diagnostic plots, these
being:

Autocorrelations
Trace Plots
Running Means
Posterior densities

o O O O

The number of autocorrelation lags, number of frequency intervals and number of columns of
simultaneous plots can be controlled by selecting Tools from the main menu bar. This menu item is
available whenever graphics are displayed.

Tools | Help

Select Parameters

Options

The Options window displayed below contains the default values for the MCMC charts.

[ Options 1 J lﬁ‘

Mumber of columns on simultaneous plots

Urivariate / Multivariate Chartz
Show on single chart
@ Show multiple charts

V| Show Mizsing W alues

[+]
o fGEa —

[] Superimpose groups [DIF]

LCombined charts

Show on zingle chart

@) Show two chartz

MCMC chartz

Mumber of autocornelations
50

Murnber of frequency intervals
12

] ] | Cancel

The autocorrelations for each of the 15 parameters up to lag 50 is shown below. Generally speaking, it
appears as if good mixing has occurred.
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[PE.G1ICZ_a [P7.G1)C3 _logitg [PE.GIIC3 o [PAG1ICS_a [F10,G1IC4_lagitg
1.0 1.0 ‘I.Dl 1.0 1.0
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Lag Lag Lag Lag Lag
[F11.G1)CA_c [F12.G1)C4_a [P13.G1)C5_logitg [F14.G7)C5_c [P15.G1)CE_a
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-1.0 -1.0 1.0 1.0 -1.0
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One way to see if the MCMC chain has converged is to see how well the chain is mixing or moving
around the parameter space. If the chain is taking a long time to move around the parameter space, it
will take longer to converge. It can be seen how well the chain is mixing through visual inspection of
every parameter.

The trace plots presented below indicate that the Markov chain has stabilized and appears constant over
the graph. In addition, the chain has good mixing and is "dense" in the sense that it quickly traverses
the support of the distribution and can explore both tails and the mode areas efficiently.
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Each Running Means plot (shown below) updates the means and standard deviations for every new
cycle. In other words, once (for example) the mean is known for the first 50 observations, it is updated
using a special algorithm by just adding the value of the next observation, and so on. The running
means are shown in blue while the means +/- one standard deviation are show in black.
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The plots displayed below are usually called marginal density plots. It is the histogram of the values in
the trace-plot, i.e., the distribution of the values of the relevant parameter in the chain.
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12.6.1.1 Effect of fitting the 3PL model without priors

To illustrate, the priors imposed on the slope and guessing parameters were removed and a new MCMC
analysis was done. This was accomplished by clicking the Options button to display the Advanced
Options dialog followed by the selection of the Priors tab.
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Test: [3p | Apply toal testsl

| Estimation ||Starting Values | Priors ' Miscellaneous I| Save l

Enter prior parameters...

FRiead prior parameters form a file...

Click the Enter prior parameters button to open the Prior Parameter Values dialog.

Cells shown in dark blue indicate parameters that have priors imposed. On the other hand, cells shown
in light blue indicate parameters that have no priors imposed on them.

e =

Group: Single Group
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The dialog below shows the effect of selecting all the dark blue cells. Right-click while these cells are
selected and choose Remove from the pop-up menu.

,

Group: Single Group

Mormal...

Lognermal...

Beta...

Remove

Because of this action, all cells (except the Means and Variance which are fixed to 0.0 and 1.0
respectively) indicate parameters with no priors imposed.

Group: Single Group

Item

C1
Cc2
C3
C4
C5
Means
ariances

Covari

The resultant Running Means and Posterior density plots for the guessing parameters are shown next
and clearly shows problems with attaining convergence, especially so in the case of item number three
(c3).
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12.6.2 Two factors CFA fitted to the AACL data

To obtain a better fit than was obtained with a unidimensional model in Section 5.4, a two-dimensional
model that fits one factor (latent variable) for the "anxiety-plus" items and a second (correlated) factor
for the "anxiety-minus™ items was considered in Section 7.1. See Section 5.4 for a description of the
data and the recoding of item scores. Open the file AACL_21ltems.irtpro stored in the folder
CAIRTPRO Examples\by DataSet\AACL, and then select Multidimensional IRT ... under the
Analysis menu.
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The dialog below represents the Description tab for the test named TwoFactor. Note that the number

of latent dimensions is set equal to 2.

F

| UniDalltems | TwoFactor I

Single Group Analysis

|Desc:'iption||Group| tems lMcdels”Scoring”Simulationl

Data File: | C:\IRTPRO Examples\By Dataset\AACL\AACL3_21Items.ssig

Grouping value: INo Group Variable

[S=)

J Read file |

List of variables: ftems: > |
Afraid - Afraid -
Desperate Desperate
Fearful Fearful +
Frightened Add > | Frightened
MNervous Mervous
Panicky Pariicky
Shaky Shaky
Tense MNumber of latent Tense
Terfied dimensions: Tenfied il
Upset - I‘ITII- b
Womying 2 I2 x|
4 1 2 Apply ko &l groups |

Options. .. Ok I Cancel Apply

To view the constraints imposed upon the slope parameters, proceed to the Models tab shown below

and click the Constraints button.

,

| UniDalitems | TwoFactor |

| Deseription ||Group || ftems | Models 'Scoring ||Simulation|

Data File: | C:\IRTPRO Examples\By Dataset\AACL\AACL3_21ltems.ssig

Grouping value: IND Group Variable

=
Al

Apply to all groups

liem List | Categories | Data Codes | tem Scores|  Model |

Shaky 2 1,2 1.0 2PL
| Tense 2 1.2 1.0 2FL
| Tentfied 2 1.2 1.0 2PL
| Upset 2 1,2 1.0 2PL
| Woming 2 1.2 1.0 2FL

Calm 2 1.2 0.1 2FL
| Cheerul 2 1.2 0.1 2PL
~ |Cortented 2 1.2 0.1 2FL

Constraints... | EFA... | Bifactor...

J Read file |

E=)

Options. .. |

Apply
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The constraints dialog show that all the a2-slopes corresponding to the items Afraid to Worrying are
fixed to zero, while the al-slopes corresponding to the items Calm to Thoughtful are set to zero.

The elements of the mean vector and covariance matrix of the latent variables are also model
parameters; they are shown at the bottom of the Item Parameter Constraints window. In this
example, the means and variances are fixed (at 0.0 and 1.0, respectively) to standardize the two latent
variables. The covariance between those two standardized variables (o,,) is estimated — that is the

correlation between the two latent variables.

i ™
e IO

Group: Single Group

Ttem -]
MNervous al 9 2 C 10
Panicky al 11 C 12

Shaky al 13 c 14
Tense al 15 c 16
Terrified al 17 C 13

Upset al 19 C 20
Worrying al 21 C 22

Calm C 24
Cheerful a2 25| ¢ 26

Contented a2 27| ¢ 28
Happy az | c 30

Joyful a2 31| ¢ 32
Loving a2 3B c 34
Pleazant az 35| € 36
Sequre a2 37| 33
Steady a2 | c 40

Thoughtful a2 41| ¢ 42

After inspection of the item parameter constraints, click OK to return to the Models tab and then click
the Options button (bottom left of the Multidimensional Analysis window). Select the Estimation
tab and change the estimation method to MCMC.

303



e ™
o
| Test: ITwoFaL‘bJr ;l Apply to all tests |

Estimation 'Starting Values || Priars l| Miscellaneous l| Save l

Estimation method:  |[TEETTS -
Control Parameters
MCMC Seed: I 1971 3

Maximum number of cydes: I 4000 3:
Monte Carlo size for final I 10000 3:

logHikelihood approx.:

Tuning Parameters

Burn-in: Iz[][][] 3
Thinning: |3 3
Metropolis sampler type: ISymmetric ;I

Proposal density std. dev.: I[]IE
Default |

0K I Cancel Apply

A crude, yet reasonably effective, method dealing with autocorrelation is to only keep every k draws
from the posterior and discard the rest; this is known as thinning the chain. The disadvantage is that
information is being discarded; thinning can never be as efficient as using all the iterations. As shown
above the Thinning parameter is set equal to 3. In IRTPRO, this specification implies that a random
number of draws in the interval (0 ; 3) are discarded.

Click OK to return to the Multilevel Analysis window and then click OK again to return to the syntax
window. Select Analysis, Run, 2.Test ""TwoFactor".
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s v N

5 File Edi‘t!AnaIg,rsis View Window Help

DE|

Project:
Name

Data:
File

Names
Mode

Title:

Analysis;

Traditional Summed-5core Statistics...

Unidimensional IRT...
Multidimensional IRT...
IRT Scoring...

IRT Simulation...

Advanced Options...

Run

Graphs

Show Progress Box

AACL datasSet

Comments

Uni-Dimensional 2PL all items - first el

=SYVell lrems recoded

1. Test "UniDallltermns"
2. Test "TwoFactor”
All Tests

Test...

One way to assess convergence is to assess the autocorrelations between the draws of the Markov chain.
We would expect the k-th lag autocorrelation to be smaller as k increases (our 2nd and 50th draws
should be less correlated than our 2nd and 4th draws). If autocorrelation is still relatively high for higher
values of k, this indicates a high degree of correlation between our draws and slow mixing. The
parameter estimates are shown below and it is noted that the slope and intercept parameter estimates
for the item Frightened are relatively large.

Eﬂpﬂo - [AACL3_21_Ttems.Test1-irthtm o ) e S|

W | File Edit View Analysis Window Help [-] =] %]

N =285 7

ltem Label a, EX= 85 se c se -
1 Afraid 2 383 0.59 0.00 — 1 476 0.60
2 Desperate 4 343 0.56 0.00 — 3 390 0.58
3 Fearful 6 521 0.86 0.00 — ° 555 087
4 Frightened 8 353 1.99 0.00 — 7 1034 2.42
5 Mervous 10 326 0.50 0.00 — 9 154 0.30
& Panicky 12 274 0.28 0.00 — M 254 0.35
i Shaky 14 235 0.38 0.00 — 12 235 0.36
8 Tense 16 3p2 0.44 0.00 — 15 058 022
] Terrified 18 464 1.00 0.00 — 17 gs4 1.67
10 Upset 20 215 032 0.00 — 189 296 0.30
11 Waorrying 22435 1.0 0.00 — 21 038 0.29
12 Calm 0.00 — 24 151 026 23 111 0.19
13 Cheerful 0.00 — 2% 236 037 25 095 023
14 Contented 0.00 — 28 315 047 27 114 0.29
15 Happy 0.00 — 3 301 070 29 181 042
16 Joyiul 0.00 — 32 295 057 M 120 0.30
17 Laving 0.00 — 3 160 026 32 059 018
18 Pleasant 0.00 — 3¥ 236 051 3% 292 0.39
19 Secure 0.00 — 38 228 036 3 092 nzz
20  Steady 0.00 — 40 249 033 3 158 0.26
21 Thoughtful 0.00 — 42 150 028 41 4387 023

305



To investigate further, MCMC diagnostic plots of the slope parameters for the first factor were requested.
Both the autocorrelation and running means plots indicate that stable parameter estimates for the item
Frightened is difficult to obtain.

~F AACL3 21 ItemsTestl-mco.txt - IRTPROGraphs

Eile Edit View Graphs ChartIype Tools Help
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One can expect noise at the beginning of the plots; however, if trends are evident, there might be a
problem. To address this problem, a normal prior with mean 0 and standard deviation of 3 was imposed
on Frightened:

Group: Single Group

[ O T B T T o TR O T T T O B B
=
(=]

28 Ad
0K | Cancel |

The imposition of a prior seemed to have solved the problem of poor mixing as shown by the
Autocorrelation, Running Means and Posterior density plots given next.

307



2 AACL3_21 Items.Testl-mco.txt - IRTPROGraphs
|Eile Edit View Graphs Chart Type Tools Help

=

o
L ¥

EEEIE
|| J==Br ] Autocorrelations Paran
[l Parameter Diagnostics
[ Running Means

[l Posterior Density

@ Greph |Eg Table|

(P2.G1)Afraid_al

2

Lag

(P4.G1)Desperate_al

10
0&
oo
-05
-10

Lag

(PB.G1)Fearful_al

10
IR
0o
-5
-10

Lag

(P8.G1)Frightened_al

(F10,G1)Nervous_al

10
05
oo
-05
-1.0

(F12.G1)Panicky_al

WF“M

»

m

»

1

"7 AACL3_21_ItemsTestl-mco.txt - IRTPRO

File Edit View Graphs Chart Type Tools Help

=8 (&7

1] Parameter Diagnos‘[ics

S Running Mean:|

3| Pasterior Den

| [ Autocorrelations Pararr

< I »

@ Greph |3 Table|
-
(P2.G1)Afraid_al (P4.G1)Desperate_al (PB.G1)Fearful_al il
50 50
45 45
G
40 40
38 35 3 f\\/
30
20 ] . \/’A—’\\,f
25 3E

1000 2000 3000
Cycle

0 1000 2000 3000
Cycle

0 1000 2000 3000
Cycle

(P8.G1)Frightened_al
8

—

0 1000 2000 3000
Cycle

(F10,G1)Nervous_al

4.0
35
3n

258 f/‘m

20

0 1000 2000 3000
Cycle

(F12.G1)Panicky_al

4.0

3'5f\‘¥~.\,4\
N
AN

25

0 1000 2000 3000
Cycle

1

1

308



-

"7 AACL3_21_Items Testl-mco.txt - IRTPROK

File Edit View Graphs Chart Type Tools Help

|2 B0 (&2

(-0 Autocorrelations Parar
[-(&0 Parameter Diagnostics

@ Greph |Eg Table|

[ »

@ Running M
&-@ Running Means (P2.G1JAaid_al (P4.G1)Desperate_al (PE.G1)Feariul_al
=285 ] Posterior Density
600
B00
= = =
3 3 3
T 40 ke ke
3 3 400 3
n n n
L L L
200 200
pl- . IRE . L
3 4 2 3 4 =7
(P8.G1)Frightened_al (F10,G1)Nervous_al (F12.G1)Panicky_al
B0O0
g00
= = =
5 5 5
5 400 5 GO0 3
=] =] =]
B 2 qo0 2
L L L
200
200 L
L= — L= : -
i
« m b 4 5 b 7 z 3 4 0
Ready NUM

The last plot is a set of pie charts representing the distribution of the first six items. From this display
it is noted that, compared to the other items, the percentage values in category 1 are rather low.
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13. Data-based graphics

13.1 Introduction

Graphics are often useful for data exploration. Relationships and trends may be conveyed in an
informal and simplified visual form via graphical displays. IRTPRO offers both data-based and
model-based graphs (see Chapter 11). In the case of data-based graphs, IRTPRO distinguishes
between univariate and bivariate graphs. Univariate graphs (see Section 13.2) are particularly useful
to obtain an overview of the characteristics of a variable. However, they do not necessarily offer the
tools needed to explore the relationship between a pair of variables. For that purpose, bivariate
graphs (see Section 13.3) are more appropriate.

To make univariate or bivariate graphs, the IRTPRO dataset of interest must be the currently opened
window. Click the Graphics button on the main menu bar and select between the Univariate...,
Bivariate..., and Continuous (variables) options.

Analysis View Window Help

Univariate...
Sivariat | TOUCH | INTEREST Thetal
variate... ] ] o0
Continuous... 2 3 -0.5133
a a -0.615497
Item Response 2 5 0EIE7a

13.2 Univariate Graphs

The default graph type is a bar chart for each item selected. A bar chart is a graphic representation
of the frequency distribution of discrete or categorical data in which the values or categories are
given on the horizontal axis and the frequencies are given on the vertical axis.

The image below shows the selection of the Graphics, Univariate... option.

1 IRTPRO - [Asthma34.ssig
[ File Edit Data Manipulate Analysis View !
W= 7 Univariate..
DISAB_1 DISAB_2 D o
- 1 0 Bivariate...
2 2 2 Continuous...
3 2 2
4 0 1 Item Response

Selection of this option opens a Univariate Graph dialog that enables one to select one or more of
the variables in the data set. By clicking on the OK button, a simultaneous display of bar charts is
obtained. The default display is to show the bar charts after removal of missing values.
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The data used to create the graphs can be viewed by selecting the Table "mode” as shown below.
For example, for the DISAB_10 item, there are 160 values equal to 0, 110 values equal to 1, 197 values
equal to 2, 87 values equal to 3, and 55 values equal to 4.

File Edit View Graphs Chart Type Tools Help
YIRS
=& Univariate Graphs ~ + ‘ i Graph‘ B Table | -

-0 DISAB_1
-] DISAB 2 DIzAE_10 DISAB_11 DISAB 12 PFEDS_EM1 PFEDS_FA1  PEDS_FH1 FEDS_PHZ FED_D_1

O DISAB_3 0=160 D=288 0=33 D=272 0=132 0=360 0=220 D=277
.00 DISAB 4 = =110 1=106 1=92 1=7 1=87 1=95 1=132 1-93
O DISAB. 5 =197 2=147 2=104 2=134 2=198 2 =66 2=156 2=135

- =87 3=58 3=44 3=60 3=101 3=39 3=58 3=862 3
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DISAE_10 -
- DISAB_11
- DISAB_12
PEDS_EM1
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. PEDS_PH2 - =

Ready ﬂ

oL e =

To display the missing values, click on the Tools button and make sure that the Show Missing
Values check box is selected. The Options dialog also enables the user to select the number of
columns on the simultaneous plots.
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Below we show the bar charts for the six items selected. As can be seen, all the items selected have
missing values (coded —9). By right-clicking in the DISAB_10 plot area (for example), the Chart
Properties dialog is obtained that can be used to change the color of each bar.
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In the illustration below, use is made of the ChartStyles tab to change the color of the bar

corresponding to the value "0" to Chocolate.
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2D Chart Control Properti

|

ChartArea | PlotArea | ChartLabels I View3D I Markers | AlarmZones

Control | Axes

I ChartGroups | ChartStyles | Titles | Legend

ChatGroupl

Shylel @
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After making the desired color changes, click the OK button to view the modified display shown

below.

T_’ﬁ" Asthma34.ssig - IRTProGraphs
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As an illustration, suppose that we want to change the text and font of the current title (DISAB_10).
Right-click in the DISAB_10 plot area to display the Chart Properties dialog and select the Titles tab.
Use the Titles window to first select the Label tab and then the Font tab. Change the Header, Text

as shown below.
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ChartArea | PlotArea | ChariLabels | View3D | Markers I AlarmZones
Control | Axes | ChartGroups | ChartStyles | Titles | Legend | ||
General Label I Location | Eorder | Interior | F%
Text
DISAB_10 (Missing value code F -9) -
q b
0K | ’ Cancel ] ’ Apply ] i Help

Next, use the Font tab to change to default font, font style and font size. In this case, it was changed
to Georgia, Bold, 10.

: [ ]
2D Chart Control Properties - -

ChartArea | PlotArea | ChartLabels | View3D | Markers | AlarmZones
Control | fxes | ChanGroups | CharStyles | Titles Legend

Titles Lakbel | Location | Elorderl Interior  Font I Imag%m
—
P S
Font Font style: ize:
Bold [ ok |
+ | |[Regular -
GHartlow Folid Ttalic ancel
farvington 3 Er—
High Tower Text Bold Italie
Impact
| Ertrme’ Kaman 57 =
Effects Sample
[ | strikeout
[ |underline AthY!
Script:
Westem -
This is an OpenType font. This same fontwill be used on both your printer
and your screen.

Click the OK button of the Font dialog to return to the 2D Chart Control Properties dialog, then
click OK to view the edited graph.
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DISAB 10 (Missing value code = -g9)

200

FlEyue vy

B 9 Ml o | 1 0 e O s O 4

A pie chart display of the percentage distribution of a variable may be obtained by selecting the
Chart Type, Pie option. A pie chart is a graphic representation of percentages or frequencies by
means of a circle that is subdivided into slices in such a way that the areas of these slices are
proportional to the percentages or frequencies. Pie charts may be customized by using the graph
editing dialog boxes obtained by right-clicking in the plot area of the pie chart.

3 = | —
. Asthma34.ssig - IRTProGraph b‘ﬂg

File Edit View Graphs iChart Type | Tools Help
=B &P | Bar
=& Univariate Graphs | v Pie
""" 0 DISAB 1 Stacking Bar
----- O DISAB 2 DISAB_10
----- O DISAB_3
----- O DISAB_ 4
----- O DISAB_S
----- O DISAB_6
----- O DISAB_7
----- O DISAB_8
----- O DISAB_9
.....
----- DISAB_11
----- DISAB_12
----- PEDS_EM1
PEDS_PA1
----- PEDS_PH1
----- O PEDS_PH2

»

m

m

----- O PEDD2
----- O PED_D3
----- O PED_D_4
----- O PED_DS
""" O PED D6 N+« Oo E+1 O: O3x @O 4
----- O PAQLQ 1 i
""" 0O pPAQLQ 2 - [« 1l | »

The distribution of frequencies over the categories of an item can also be displayed in the form of a
stacked bar chart by selecting the Chart Type, Stacking Bar option. The bars in a stacked bar graph
are divided into the categories of the item displayed. Each bar represents the number of examinees
whose responses fell in that category.
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----- O PED_D_S
----- O PED_D_6
----- 0 PAQLQ_1 f
""" O PAQLQ 2 ~ |« 1 | »

13.3 Bivariate Graphs

The Graphics, Bivariate... option allows us to graphically display a two-way frequency table.

] File Edit Data Manipulate [Graphics| Analysis View

[DeH| :BRR|S 7] Univariate..

Infidelity Panoramic 5

i Bivariate...

1]

]
2
3 o
| I

Continuous...

o o o O
o o o O

[tem Response

Selection of this option results in the display of a Bivariate Graph dialog allowing the user to select
an X-variable and one or more Y-variables to obtain a set of bivariate plots. In the following
example, Gender is selected as the X-variable and the items Infidelity, Panoramic, Succumb and Girder
as the Y-variables.
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Select ¥ Variable

[Gender

Select one or more Y Variable(s)

[¥]Infidelity
[ |Panoramic

[¥]5uccumb

Clicking the OK button results in the following graphical display. Note that the categories of Gender
(the X-variable) are displayed below the horizontal axis. Each category of a selected Y-variable
corresponds to a color and the color legend is given at the bottom of the graph.

_
"7 Spellingssig - IRTProGr. (=7 W

File Edit View Graphs ChartType Tools Help
== &7

[®] Univariate Graphs Wl Graph |E Table‘
=3 Bivariate Graphs I
=-dll Infideli i
a dll Infi EIty_ Genderws Infidelity Genderws Panaramic
=-dll Panoramic
=-all Succumb 300 o0
=-dll Girder = =
=R} Gendet | 3 200 3 150
H 3 3
Infidelity ; ,_3,“ 100
- [ Panoramic L1 L
- [ Succumb 50
~- [ Girder 0 o
1 ? 1 ¢
Oo &3+ Oo @
Genderwvs Succumb Genderws Girder
200
> 200 3 150
: :
z z 100
C 100 T
50
1] 1]
1 2 1 2
Oo &3+ Oo @
« 11 | >
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Note that in the left pane (above) all the items included in the model are listed. If a specific item is
clicked, an expanded list of all the items (excluding the one selected) is displayed and any of these
items may be selected as Y-variables.

A more informative display of the relationship between two variables might be stacked bar charts,
obtained by selecting the Chart Type, Stacking Bar option. In the display below, it can be observed
that there are more Gender = 2 subjects compared to the number of Gender = 1 subjects. Furthermore,
for the item Girder a larger percentage Gender = 2 individuals chose the "0" category than is the case
for Gender = 1.
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File Edit View Graphs IChartType Tools Help
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As mentioned earlier, one can switch to the Table mode to view the data generated for the plots
requested. The frequencies listed in the table below, substantiate the conclusions drawn from the

stacked

bar-charts display.

318



_ﬁ Spelling.ssig - IRTProGraph! g

|| File Edit View Graphs Chart Type Tools Help
SHEEICIR
- Univariate Graphs i Graph| EE Table ‘ -
1= Bivariate Graphs
il Infidelity Gender Inficelity Fanoramic Succumb Girder 3
.ﬂ Panaramic 1 0=70 0=104 0=194 0=106
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a e ; o o gt o
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E Girder [ . | [ =
< | 1n I 3
Ready w

In the next illustration, bivariate charts are requested for the item PED_D_1 versus the items DISAB_1,
DISAB_2, DISAB_3 and DISAB_4, from the IRTPRO dataset Asthma34.ssig. This dataset was selected
since each item has more than two categories. In this case, the stacked bars representation is less
cluttered than the side-by-side bar charts representation and usually easier to interpret visually.

—— — |
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13.4 Graphs for continuous variables

The Graphics, Continuous... option allows us to graphically display the distribution of one or more
continuous variables. In the case of more than one group, the distributions across groups are overlaid
on the same axis system.

Graphics | Analysis View Window Help

Univariate...
o | TOUCH | INTEREST Thetal Theta2
Bivariate.. 1 1 142082 200026

3 3 061597 1.10888
Item Response 2 3 060978 -0.72658

Selection of this option results in the display of a Continuous Graph dialog allowing the user to
select a Group-variable and one or more Continuous-variables to obtain set of distributions. In the
following example, Country is selected as the group variable and the item Thetal as the continuous
variable. The dataset efficacy_six_country.ssig is in the Fixed Theta sub-folder of the IRTPRO
Examples folder.

r |

Select Group

[ Country -

[]Theta2

Select Variables
\ [ Theta1
||
||
||
||
||
||
il
|
|
|

w o ][ o

Click the OK button when done. By selecting the Table tab (screen below) the frequency intervals and
number of observations within each interval is display. Note that there are 10 intervals for each country.
The number of intervals can be changed via the Tools (main menu bar), Options menu.
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ﬂ Graph E Tahle

- 4 4 4 a1

Country

Thetal
-4.34--364=0
-3E4--294=0
294--224=7
-2.24--1686=28
-1.66--085 =249
-0.85--015 =451
-0165-066 =575
055-125=284
125-1495=32
1.95-2hR6 =24
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The distributions of the Thetal-values for each of the six countries is shown in the graph shown below.
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14. Estimation methods and settings

A brief discussion of the IRTPRO's estimation methods and their control parameters is provided in
this chapter. To see the dialog boxes that permit access to the control parameters, open the syntax
file (see Chapter 12) Isat6.irtpro from the IRTPRO Examples\Unidimensional\2PL folder, a
portion of which is displayed below.

|1 IRTPRO - [Isat6. irtproil

==

E-ﬂ

[87] File Edit Analysis View Window Help

Project:
I Name

Data:
File

Anzalysis:
Name
Mode

Title:
lsaté data

Comments:
2PL models

Estimation:

Method
E-Step

SE = S5-

M-Step

1sate;
A\lsaté.ssig;

2PL;
Calibration;

set
fitted to each

= BAEM;

= 500, 1le-005;
EM;

= 500, 1e-009;

Quadrature = 49, &;
SEM = 0.001;
55 = 1le—-005;

item

m

Next, select the Analysis, Unidimensional option from the main menu bar and click the Options

button shown at the bottom of the Unidimensional Analysis window on the left.

322



Unidimensional Analysis

Data File: C:\IRTPRO Examples\Unidimensional\2PL\|sat6.ssig

2PL |

| Description || Group || Ztems | Models l Scoring |

Grouping value: | g Group Variable

Item List |Categories| d

Codes|

Score:

Model

c2
Cc3
c4
5

2PL
2PL
2PL
2PL
2PL

J Read file

Apply to all groups

14.1 Bock-Aitkin EM

OK

| (e ]|

Apply

The default estimation method for a unidimensional analysis is the Bock-Aitkin method and the
Advanced Options window shown below shows the default estimation settings. A researcher has
the option to change these settings, for example, the number of quadrature points, the range over
which these points are spread, the maximum number of cycles (E-step) and the maximum number

of iterations (M-step).
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—

Advanced Opu

.. ==

Test: ’ 2PL

- ] Apply to all tests

Converge informatio

Estimation

Estimation ISta:tmg Values|| Priors ||Mi.scel|.a.neous|| Save | Simulatel

Bock-Aitkin

Bock-Aitkin

Adaptive Quadrature
MH-RI

Maximum number of cycles sgg

M-Step maximum iterations

Quadrature details

Number of 49

Standard

500

13

S-EM

)

Convergence criterion: {g-g05

Convergence criterion: 1,_gpg

Maximum wvalue: g

[] Apply dimension reduction

A portion of the output, listing the parameter estimates for the Bock-Aitkin estimation method, is

shown below.

&L IRTPRO - [Isat6.2PL-ssc.htm] B =]
" File Edit Wiew Analysis Window Help =]
BH =8 &%
OmniLeg il
Project: Isatf data;
Description: 2pl models fitted to the iterns;
Date: 15 December 2009
Time: 1214 P
Table of Contents
2ZPL Model Itern Parameter Estimates for Group 1, logit: 88 + c or a8 — b) Lo
Factor Loadings for Group 1
Group Parameter Estimates
Summary of the Data and Control Parameters
2PL Model Item Parameter Estimates for Group 1, logit: a8 + ¢ or a(6— b) (Back to TOC)
Item Label a c b
1 c1 0.83 277 -3.36
2 c2 072 0.89 -1.37
3 c3 0.89 0.25 -0.28
4 c4 0.69 1.28 -1.87
5 c5 0.66 2.05 -3.13
I
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14.2 Adaptive Quadrature

A problem with standard numerical quadrature as employed in the Bock-Aitkin procedure is that it
has a fixed set of quadrature nodes for the posterior distribution of all persons. This often requires
the use of a large number of quadrature points to calculate the log-likelihood and derivatives to an
acceptable level of accuracy. To overcome this problem, IRTPRO also offers a numeric integration
procedure called adaptive quadrature. The adaptive quadrature procedure uses the empirical Bayes
means and covariances, updated at each iteration to shift and scale the quadrature locations of each
case (person) to place them under the peak of the corresponding integral.

Test: ’2PL '] Apply to all tests
Estimation lStar‘ting Valuesm Priors ’“Miscellaneous[“ Save ” Simulate]
Estimation [Adaptive Quadrature V]
Converge Information
Maximum number of cycles 1pg - Convergence criterion: g.gn1
Quadrature Details
Number of 9 Integration method:
Adaptation Intercycle Trust
@ EAP | MAP (@ Fast (7 safe (bisection)
Default
i
I I oK " Cancel ” Apply ]

The default adaptive quadrature settings are shown above. These settings can be changed or reset to
the default values by clicking the Default button. Select the OK button when done. A portion of the

updated syntax file is shown below.
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L1 IRTPRO - [Isatb.irtpr

TR =)
lelx|

[®7] File Edit Analysis View Window Help
DESE|l =857

Data:

File = .\lsat6.ssig;
Analysis:

Name = ZPL;

Mode = Calibration;
Title:

Project:

Name = lsaté;

lsaté data set

Comments:

2PL models

Estimation:

Method = ADQ;

E-Step = 100, 0.001;

SE = 5-EM;
Quadrature = 9,

GH;

Adaptation = EAF;

Trust = Fast;

fitted to each item

»

m

Select the Analysis, Run option. The parameter estimates are shown below.

48 IRTPRO - [Isat6.2PL-ssc.htm] -0l x|
| File Edit Wiew A&nalysis Window Help =] x|
DEsE ) =R S5
OmnilLog Il
Project: |satd data;
Description: Adaptive quadrature. 2pl models fitted to the items;
Date: 15 December 2009
Time: 1218 PM
Table of Contents
2PL Model ltem Parameter Estimates for Group 1, logit a8 +c ora(@— o) -
Factor Loadings for Group 1
Group Parameter Estimates
Summary of the Data and Control Parameters
2PL Model ltem Parameter Estimates for Group 1, logit: 88 + c or a(@— b) (Back to TOC)
Item Label a C b
1 c1 0.83 277 -3.36
2 Cc2 072 0.499 -1.37
3 C3 088 0.25 -0.28
4 C4 0.69 1.28 -1.87
5 C5 0.66 2.05 -3.13
=
Done o
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14.3 MH-RM

Li Cai (2010-b and 2010-c) proposed a Metropolis-Hastings Robbins-Monro (MH-RM) algorithm to
address the "curse of dimensionality" that has plagued multidimensional IRT and high-dimensional
latent structural equation modeling. The MH-RM algorithm performs favorably in comparative
studies against established gold-standard methods such as Gaussian quadrature. The MH-RM
algorithm is much more efficient than the MCEM algorithm in the use of Monte Carlo because the
simulation size in MH-RM is fixed and generally small throughout the iterations. In addition, MH-RM
produces an estimate of the parameter information matrix as a by-product that can be used
subsequently for standard error estimation and goodness-of-fit testing.

For practical data analysis, one can often achieve efficiency gains of several orders of magnitude
over existing methods such as numerical quadrature if one uses MH-RM to estimate the parameters
of the model. The MH-RM method is ideally suited for multi-dimensional analyses where the number

of dimensions exceeds two or three.

r 5
Advanced Options ‘ ﬁ
= |2P|- v| Apply to all tests
Estimation lStarting Valuesm Priors "|Misce|laneuusﬂ| Save ” Simulate]
Estimation |MH_RM - |
Convergence Controls
Convergence monitor window 3 = Convergence criterion:  0.001
b
H Control Parameters
i Number of stage I 200 2 Number of stage D cycles: 1pn B
L
i Maximum number  2p00 e Monte Carlo size for final 1ppop =
i of stage I cycles: log-likelihood approx.:
Tuning Parameters
Number of 1 B Burn-in: 1p = Thinning: g B
Initialization gain 0.1 Alpha: 4 Epsilon: 1
- Covariance Matrix Computation
Metropolis sampler Spherical =
f @) Accumulation
Metropolis proposal density std. dev.: g 4] Mante Carlo: | 1000
i
Default
i
I I (0]4 ” Cancel || Apply

A portion of the revised syntax file is shown below.
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L7/ IRTPRO - [Isat6.irtpro]

[m] File Edit Analysis View Window Help

DEH {2852

Analysis:

Name = Z2PL;

Mode = Calibration;
Title:

lsaté data set

Comments:
2PL models fitted to each item

Estimation:
Method = MHRM;
Convergence=3, 0.001;
Stagel=200;
Stage2=100;
Stage3=2000;
MCsize=10000;
Imputation=1;
Burnin=10;
Thinning=0;
GainConst=0.1;
Alpha=1;
Epsilon=1;
Sampler=Spherical;
ProposalsSD=0.4;
CovMethod=Accumulation;

m

To run the 2PL model using the MH-RM method, select the Analysis, Run option. Some of the
parameter estimates shown below differ a small amount from those obtained using the previously

described estimation methods.
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i IRTPRO - [Isat6.2PL-ssc.htm] o (=]
1 Ele Edit Wew Analysis Wwindow Help _|E'|1|
DeH % B2R| S 7|
OmnilLog —
Project: Isatf data;
Description: MH-RM. 2pl models fitted o the items;
Date: 15 December 2009
Time: 1223 FPM

Table of Contents

Factor Loadings for Group 1

Group Parameter Estimates

Summary of the Data and Control Parameters

ZPL Model tem Parameter Estimates for Group 1, logit, a8 + ¢ or a(8— &)

Item Label a b
1 1 n.sez 277 -3.39
2 c2 073 0.99 -135
3 C3 0.8s 0.25 -0.29
4 C4 0.70 1.29 -1.83
5 C5 0.71 2.08 -2.92

2PL Model Item Parameter Estimates for Group 1, logit: a8 + c or a(@ — b) (Back to TOC)

14.4 MCMC

The mcMmc algorithm implemented in IRTPRO is based on the Patz-Junker's (1999-a, 1999-b) blocked
Metropolis algorithm. The methodology developed in IRTPRO to impose parameter constraints and to

implement multiple-group features enables the user to fit specialized IRT models using MCMC.

For practical data analysis, one can often achieve efficiency gains of several orders of magnitude
over existing methods such as numerical quadrature if one uses MCMC to estimate the parameters of
the model. The MCMC method is ideally suited for multi-dimensional analyses where the number of

dimensions exceeds two or three.
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Test: |2p|_

Estimation lSta tting Values || Priors || Miscellaneous || Save |

Estimation method: IMC—MC LI

Control Parameters

MCMC Seed: 1971 3:
Maximum number of 4000 3:

cycles:

Monte Carlo size for final | 1pgoo 3:

log-likelihood approx.:

Tuning Parameters

Burn-in: 2000 3:
Thinning: 3 3:
Metropolis sampler ISymmetr\c
Proposal density std. dev.: (g5

Default

Cancel Apply

A portion of the revised syntax file is shown below.

[ — R
L7 IRTPRO - [Isatb.irtpro * ==X

| File Edit Analysis View Window Help [_[=] ]
(DFE 2B 8T

Analysis: - (¥
Name = 2PL;
Mode = Calibration;

Title:
1lsate data set

Comments:
2PL models fitted to each item

Estimation:
Method = MCMC;
Seed=1971;
MaxK=4000;
MCSi1ize=10000;
Burn=2000;

Skip=3;
Sampler=Symmetric;
DSTD=0.5; -

11
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To run the 2PL model using the MCMC method, select the Analysis, Run option. Some of the
parameter estimates shown below differ a small amount from those obtained using the previously
described estimation methods.

[m] File Edit View Analysis Window Help

BEIE

Dl +t2R&8 2|

Project: |satf data set

Description: 2PL models fitted to each item
Date: 29 January 2015

Time: 11:13 AM

Table of Contents

2PL Model ltem Parameter Estimates for Group 1, logit. a8 + c or ai@ — &)

Group Parameter Estimates

Item Information Function Values for Group 1 at 15 Values of 8 from -2.8to 2.8

Model Fit Indices

Summary of the Data and Control Parameters

2PL Model Iltem Parameter Estimates for Group 1, logit: a8 + c or a(8— b) (Back to TOC)

[temn Label a se c se b se
1 c1 2 083 028 1 279 022 -3.37 0.95
2 c2 4 071 020 % 0099 0.10 -1.38 0.33
3 c3 § 084 025 5 025 0.08 -0.29 0.11
4 c4 & 071 020 T 129 0.10 -1.83 0.44
5 ] 1 069 023 ¥ 207 015 -3.00 0.86

m
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15. Syntax

15.1 Introduction

Examples covering the range of models that the IRTPRO program handles are presented in Chapters
4 to 8 in the following sequence:

o Chapter 4: Traditional summed-scored statistics
Chapter 5: Unidimensional IRT

Chapter 6: Multiple groups and DIF

Chapter 7: Multidimensional IRT

Chapter 8: IRT Scoring

o O O O

IRTPRO distinguishes between three analysis modes:
o Traditional (Chapter 4)

o Calibration (Chapters 5 —7)

o Scoring (Chapter 8)

Each analysis created by the GUI produces a syntax file with extension .irtpro, being a record of a
user's selections from the sequence of dialogs. Using the same IRTPRO .ssig data file (referred to as
the Project Name), more than one analysis can be specified by inserting additional test tabs in the
Analysis window. In this case, the syntax associated with each analysis (test) is appended to the
same .irtpro file. The advantage of having a syntax file is that it enables one to duplicate an analysis.
Specifically, suppose that a person A sends a copy of the IRTPRO .ssig and .irtpro files to person B.
The latter will be able to duplicate the results obtained by person A, without the need to recreate the
analysis.

Note that if a syntax file is opened, IRTPRO automatically fills the relevant dialogs, and these can be
viewed and modified using the Analysis menu on the main menu bar. The IRTPRO Examples
folder contains many syntax files illustrating the capabilities of the program.

15.2 Structure of a syntax file

A syntax file consists of paragraphs (commands), each starting with a command keyword followed
by a punctuation mark (:). For example, regardless of the mode of analysis, the first five commands
of a syntax file have the following structure:
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Project:
Name = <Name of the IRTPRO data file without the extension .ssig>;
Data:
File = <Name of the IRTPRO data file with the extension .ssig >;
Analysis:
Name = <Testn>;
Mode = <Analysis type>;
Title:
<Description of the analysis>
Comments:
<Additional comments about the analysis>

15.2.1 Project: and Data: commands

The first two commands are generated when an .ssig file is opened and an analysis mode (Section
15.1) is selected from the Analysis menu.

15.2.2 Analysis: command

This command contains two keywords (Name and Mode). The first keyword corresponds with the n-
th test tab in the analysis window, the default being Test1 for a new analysis, followed by Test2,
Test3... if additional tabs are inserted on the Analysis window. These test tabs can be renamed by
the user.

The second keyword can be any one of the following choices:
Mode = Traditional;

Mode = Calibration;

Mode = Scoring;

15.2.3 Title: and Comments: commands

These commands are associated with the Description tab on the Analysis window and are optional.
Note that text entered in the title and comments paragraphs does not end with a semi-colon (;).
However, semi-colons are required when indicated in paragraphs.

A subset of the available IRTPRO commands has the same functionality, regardless of the analysis
type. These commands will be elaborated upon in this section, whereas paragraphs specific to an
analysis type will be discussed in Sections 15.3 to 15.5.

Below is a typical syntax file containing two tests. The commands that are common to each analysis
type are marked in bold and will be discussed in this section.
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Project:

Name = Spelling;
Data:

File = \Spelling.ssig;
Analysis:

Name = Test1,

Mode = Calibration;
Title:
Four item spelling test

Comments:
All item parameters constrained to be equal across groups

Estimation:
Method = BAEM;
E-Step = 500, 1e-005;
SE = S-EM;
M-Step = 50, 1e-009;
Quadrature = 49, 6;
SEM = 0.001;
SS = 1e-005;
Save:
PRM, INF
Scoring:
Pattern = EAP;
Score Persons;
Mean = 0;
SD=1;
Miscellaneous:
Decimal = 3;
Processor = 2;
Print M2, CTLD, Loadings, P-Nums, Diagnostic;

Min Exp = 1,
Groups:
Variable = gender;
Group G1:
Value = (1);

Dimension = 1;

Items = item1, item2, item3, item4;
Codes(item1, item2, item3, item4) = 0(0), 1(1);
Model(item1, item2, item3, item4) = 2PL;
Referenced;

Mean = 0.0;

Covariance = 1.0;
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Group G2:
Value = (2);
Dimension = 1;
ltems = iteml, item2, item3, item4;
Codes(item1, item2, item3, item4) = 0(0), 1(1);
Model(item1, item2, item3, item4) = 2PL;
Mean = Free;
Covariance = Free;

Constraints:
Equal = (G2, item1, Slope[0]), (G1, item1, Slope[0]);
Equal = (G2, item1, Intercept[0]), (G1, item1, Intercept[0]);

Equal = (G2, item4, Slope[0]), (G1, item4, Slope[0]);
Equal = (G2, item4, Intercept[0]), (G1, item4, Intercept[0]);

Only a portion of the syntax for the second test is shown below. The important point to note is that
each subsequent test starts with an Analysis: command.

Analysis:
Name = Test2;
Mode = Calibration;
Title:
Spelling test 4 items
Comments:
Parameters of items 1-3 equal, item 4 different

Next, we describe the remaining commands, common to the three modes of analyses. The commands
that are mode specific will be discussed in Sections 15.3 to 15.5.

15.2.4 Estimation: command

The first keyword in the Estimation: command is the keyword Method = which has the following
form:

Method = <estimation method>;

The method of estimation (<estimation method >) is BAEM (Bock-Aitkin), ADQ (Adaptive Quadrature)
or MHRM (Metropolis-Hastings Robbins-Monro).

The keywords controlling the iterative procedure of each estimation method are listed below. For a
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further discussion, the reader is referred to Chapter 14.

15.24.1 BAEM

Estimation:
Method = BAEM,;
E-Step = 500, 1e-005;
SE = S-EM;
M-Step = 500, 1e-009;
Quadrature = 49, 6;
SEM = 0.001;
SS = 1e-005;

15.2.4.2 ADQ

Estimation:
Method = ADQ;
E-Step = 100, 0.001;
SE = S-EM;
Quadrature = 9, GH,;
Adaptation = EAP;
Trust = Fast;

15.2.4.3 MHRM and Fixed Thetas

Estimation:
Method = MHRM;
FixedTheta =<list>; (Only used to obtain fixed theta estimates, see Chapter 10)
Convergence=3, 0.001;
Stage1=200;
Stage2=100;
Stage3=2000;
MCsize=10000;
Imputation=1;
Burnin=10;
Thinning=0;
GainConst=0.1;
Alpha=1;
Epsilon=1;
Sampler=Spherical;
ProposalSD=1;
CovMethod=Accumulation;

15.2.4.4 MCMC

Estimation:
Method = MCMC;
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Seed=1971;
MaxK=4000;
MCSize=10000;
Burn=2000;

Skip=3;
Sampler=Symmetric;
DSTD=0.5;

15.2.5 Save: command

The structure of the Save: command is as follows.
Save <List of files to be saved with .txt extension>
Each name in the selected list must be followed by a comma, except the last one. Valid names are:

o PRM (Item parameter estimates —prm.txt)

o CoV (Asymptotic covariance matrix of the parameter estimates —cov.txt)

INF (Information values, unidimensional models only —inf.txt)

POL (Inter item polychoric correlations, unidimensional models only —pol.txt)
FAC (Factor loadings —fac.txt)

o IRT (Main output in ASCII text format —irt.txt, -sss.txt and —ssc.txt)

o DBG (Debugging output —dbg.txt)

@)

o O

15.2.6 Miscellaneous: command

Keywords contained in this paragraph are :

Decimal = <Number of decimal places>;
Processor = <Number of processors>;
Print <List of Additional results in addition to the standard output>;

A further description of the function of these keywords follows.

<Number of decimal places>; Can be a value of 2, 3 or 4 and controls the number of decimals to be
written to the output file.

<Number of processors>; The number of processors requested for an analysis. If syntax is generated
by the Gul, the default is the total number of processors available on a computer.
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<L.ist of Additional results>;

Each item in the list is followed by a comma, except for the last one. Available values are:
StdRes (Print table of standardized residuals)

CTLD (Compute Chen-Thissen LD and item fit statistics)

M2 (Compute limited-information overall model fit statistics)

GOF (Print each item's goodness of fit frequency table)

Loadings (Print factor loadings)

P-Nums (Print parameter numbers)

Diagnostic (Print diagnostic information)

o O 0o O O O O

Note that if the printout of each item's goodness of fit frequency table (GOF) is requested, the
keyword

Min Exp = <value>;

follows the Print <list>; statement, where <value> denotes the minimum expected frequency to be
used when a frequency table is computed.

15.2.7 Groups: command

This paragraph is usually empty for a single group analysis, but for a multiple group analysis, it has
the form

Groups:
Variable = <variable) that defines the groups>;

Example: Variable = Language;
In the case of an exploratory factor analysis (EFA), this paragraph has the form

Groups:
Variable = <variable that defines the groups>; (multiple groups only)

EFA = <Rotation Method>; (See Section 15.4.3)

15.2.8 Groups Gn: command

For a single group analysis, the command becomes Groups: and this statement appears only once
in an analysis. For a multiple group analysis this command is followed by the keyword Value = (n)
where n refers to the actual value assigned to a grouping variable.

The keywords Dimension =, Items =, Codes and Model (when the analysis mode is Traditional the
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Model keyword is not used) follows next and is repeated for each group as shown below:

Group G1:
Value = (1);
Dimension = 1;
ltems = item1, item2, item3, item4; (List of items selected)

Codes(item1, item2, item3, item4) = 0(0), 1(1); (Data values followed by scores shown in
parenthesis for a given subset of items)
Model(item1, item2, item3, item4) = 2PL; (Name of model selected for a given subset of items)
Referenced;
Mean = 0.0;
Covariance = 1.0;
Group G2:
Value = (2);
Dimension = 1;
Items = item1, item2, item3, item4;
Codes(iteml, item2, item3, item4) = 0(0), 1(1);

Model(item1, item2, item3, item4) = 2PL;
Mean = free;
Covariance = free;
Group G3:
Value = (3);

For the reference group the keyword Referenced; appears just below the Model keyword, followed
by fixed values for the Mean(s) and Covariance(s). Typically, the Mean(s) and Covariance(s) are
set free in the remaining groups.

15.2.9 Remarks

The number of categories may vary from item to item. Therefore, there can be several lines starting
with the keyword Codes. Likewise, different models may be fitted to items and therefore there can
be several lines starting with the keyword Model. The following example serves as illustration:

Codes(ltem1) = 1(0), 2(1), 3(2), 4(2);
Codes(ltem2, Item3) = 0(1), 1(0);
Codes(ltem4) = 0(0), 1(1), 2(2);

Models(ltem1) = Nominal;

Models(Item2, Item3) = 2PL;
Models(Item4) = Graded,;
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From the above, we note that the third and fourth categories of Item1 have been combined. Note also
that the smallest score value is always O but does not have to be the first in the list. For example,
Item2 and Item3 are recoded so that a "0" in the data set is assigned a score of "1" and a "1" in the
data set is assigned a score of "0".

15.3 Traditional summed-scored statistics

Below we show a typical syntax file for a traditional summed-scored statistics analysis. The main
difference between this syntax and the syntax for the remaining analysis modes is that in this case,
there are no Models keywords and no Constraints: command.

Project:
Name = Anxietyl4itemsV7;
Data:
File = \Anxietyl4itemsV7.ssig;
Analysis:
Name = Test1,;
Mode = Traditional;
Title:
Six anxiety items selected from the file Anxietyl4itemsV7.ssig
Comments:
To illustrate the computation of traditional statistics
Estimation:
Method = BAEM;
E-Step = 500, 1e-005;
SE = S-EM;
M-Step = 50, 1e-006;
Quadrature = 49, 6;
SEM = 0.001;
SS = 1e-005;
Miscellaneous:
Decimal = 2;
Processors = 4;
Print CTLD, P-Nums, Diagnostic;
Min Exp = 1;
Groups:
Group :
Dimension = 1;
Items = Calm, Tense, Regretful, AtEase, Anxious, Nervous;
Codes(Calm) = 1(0), 2(1), 3(2), 4(3), 5(4);
Codes(Tense) = 1(0), 2(1), 3(2), 4(3), 5(4);
Codes(Regretful) = 1(0), 2(1), 3(2), 4(3), 5(4);
Codes(AtEase) = 1(0), 2(1), 3(2), 4(3), 5(4);
Codes(Anxious) = 1(0), 2(1), 3(2), 4(3), 5(4);
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Codes(Nervous) = 1(0), 2(1), 3(2), 4(3), 5(4);
Mean = 0.0;
Covariance = 1.0;

15.4 Calibration

Calibration entails estimating parameters and standard errors for a wide range of IRT models.
Although the general form of a syntax file contains many common features as pointed out in Section
15.2, there are keywords that are uniquely associated with the specific type of analysis selected.
These aspects are discussed in more detail in Sections 15.4.1 to 15.4.3.

15.4.1 Unidimensional IRT

A typical syntax file for a multiple group unidimensional IRT analysis is shown below. Note that a
multiple group analysis usually contains a Constraints: paragraph to ensure that the model fitted to
the data is estimable. In the syntax file shown, corresponding item parameters are constrained to be
equal across groups, but the elements of the mean (vector) and covariance (matrix) are set free in
the groups that do not serve as the reference group. In this case, it is the mean and covariance of the
second group that are set free.

Project:

Name = PISAMathBook1USUK;
Data:

File = .\PISAMathBook1USUK .ssig;
Analysis:

Name = IRT ;

Mode = Calibration;
Title:
2-group IRT Analysis (GPC model for polytomous items)
Comments:
Mixture of 2PL and General Partial Credit Models
Estimation:

Method = BAEM,;

E-Step = 500, 1e-005;

SE = S-EM;

M-Step = 50, 1e-006;

Quadrature = 49, 6;

SEM = 0.001;

SS = 1e-005;
Miscellaneous:

Decimal = 2;

Processors = 2;

Print CTLD, P-Nums, Diagnostic;

Min Exp = 1;
Groups:

Variable = Country;
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Group G1:
Value = (1);
Dimension = 1;
Items = Cubel, Cube3, Cube4, Farmsl, Farms4, Walkingl, Walking3, Applesl,Apples2, Apples3,
Continent, Grow1, Grow3, Grow2;
Codes(Cubel, Cube3, Cube4, Farmsl, Farms4, Walkingl) = 0(0), 1(1);
Codes(Walking3) = 0(0), 1(1), 2(2), 3(3);
Codes(Applesl, Apples2) = 0(0), 1(1);
Codes(Apples3, Continent) = 0(0), 1(1), 2(2);
Codes(Growl, Grow3) = 0(0), 1(1);
Codes(Grow?2) = 0(0), 1(1), 2(2);
Model(Cubel, Cube3, Cube4, Farmsl, Farms4, Walkingl) = 2PL;
Model(Walking3) = GP Credit;
GammaMatrix(Walking3) = Trend,;
Model(Applesl, Apples2) = 2PL;
Model(Apples3, Continent) = GP Credit;
GammaMatrix(Apples3 Continent) = Trend;
Model(Growl, Grow3) = 2PL;
Model(Grow2) = GP Credit;
GammaMatrix(Grow2) = Trend,;
Referenced,;
Mean = 0.0;
Covariance = 1.0;
Group G2:
Value = (2);
Dimension = 1;
Items = Cubel, Cube3, Cube4, Farmsl, Farms4, Walkingl, Walking3, Apples1,
Apples2, Apples3, Continent, Growl, Grow3, Grow2;
Codes(Cubel, Cube3, Cube4, Farmsl, Farms4, Walkingl) = 0(0), 1(1);
Codes(Walking3) = 0(0), 1(1), 2(2), 3(3);
Codes(Applesl, Apples2) = 0(0), 1(1);
Codes(Apples3, Continent) = 0(0), 1(1), 2(2);
Codes(Growl, Grow3) = 0(0), 1(1);
Codes(Grow2) = 0(0), 1(1), 2(2);
Model(Cubel, Cube3, Cube4, Farmsl, Farms4, Walkingl) = 2PL;
Model(Walking3) = GP Credit;
GammaMatrix(Walking3) = Trend;
Model(Applesl, Apples2) = 2PL;
Model(Apples3, Continent) = GP Credit;
GammaMatrix(Apples3 Continent) = Trend;
Model(Growl, Grow3) = 2PL;
Model(Grow2) = GP Credit;
GammaMatrix(Grow2) = Trend;
Mean = Free;
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Covariance = Free;

Constraints:
Equal = (G1, Cubel, Slope[0]), (G2, Cubel, Slope[Q]);
Equal = (G1, Cubel, Intercept[Q]), (G2, Cubel, Intercept[0]);
Equal = (G1, Cube3, Slope[0]), (G2, Cube3, Slope[0]);
Equal = (G1, Cube3, Intercept[0Q]), (G2, Cube3, Intercept[0]);
Equal = (G1, Cube4, Slope[0]), (G2, Cube4, Slope[0]);
Equal = (G1, Cube4, Intercept[Q]), (G2, Cube4, Intercept[0]);
Equal = (G1, Farmsl, Slope[0]), (G2, Farms1, Slope[0]);
Equal = (G1, Farmsl, Intercept[0]), (G2, Farms1, Intercept[0]);
Equal = (G1, Farms4, Slope[0]), (G2, Farms4, Slope[0]);
Equal = (G1, Farms4, Intercept[0]), (G2, Farms4, Intercept[0]);
Equal = (G1, Walkingl, Slope[0]), (G2, Walking1, Slope[0]);
Equal = (G1, Walkingl, Intercept[0]), (G2, Walkingl, Intercept[Q]);
Equal = (G1, Walking3, Slope[0]), (G2, Walking3, Slope[0]);
Equal = (G1, Walking3, Alpha[0]), (G2, Walking3, Alpha[0]);
Equal = (G1, Walking3, Alpha[1]), (G2, Walking3, Alpha[1]);
Equal = (G1, Walking3, Alpha[2]), (G2, Walking3, Alpha[2]);
Equal = (G1, Walking3, Gammal0]), (G2, Walking3, Gamma][Q]);
Equal = (G1, Walking3, Gammal[1]), (G2, Walking3, Gamma[1]);
Equal = (G1, Walking3, Gammal2]), (G2, Walking3, Gamma[2)]);
Equal = (G1, Applesl, Slope[0]), (G2, Applesl, Slope[Q]);
Equal = (G1, Applesl, Intercept[0]), (G2, Applesl, Intercept[0]);
Equal = (G1, Apples2, Slope[0]), (G2, Apples2, Slope[0]);
Equal = (G1, Apples2, Intercept[0]), (G2, Apples2, Intercept[0]);
Equal = (G1, Apples3, Slope[0]), (G2, Apples3, Slope[0]);
Equal = (G1, Apples3, Alpha[0]), (G2, Apples3, Alpha[0]);
Equal = (G1, Apples3, Alpha[1]), (G2, Apples3, Alpha[1]);
Equal = (G1, Apples3, Gammal0]), (G2, Apples3, Gamma[0]);
Equal = (G1, Apples3, Gamma[1l]), (G2, Apples3, Gamma[1]);
Equal = (G1, Continent, Slope[0]), (G2, Continent, Slope[0]);
Equal = (G1, Continent, Alpha[0]), (G2, Continent, Alpha[0]);
Equal = (G1, Continent, Alpha[1]), (G2, Continent, Alpha[1]);
Equal = (G1, Continent, Gammal0]), (G2, Continent, Gamma][0]);
Equal = (G1, Continent, Gamma][1]), (G2, Continent, Gamma[1]);
Equal = (G1, Growl, Slope[0]), (G2, Grow1, Slope[0]);
Equal = (G1, Growl, Intercept[0]), (G2, Growl, Intercept[0]);
Equal = (G1, Grow3, Slope[0]), (G2, Grow3, Slope[0]);
Equal = (G1, Grow3, Intercept[0]), (G2, Grow3, Intercept[0]);
Equal = (G1, Grow2, Slope[0]), (G2, Grow2, Slope[0]);
Equal = (G1, Grow2, Alpha[0]), (G2, Grow2, Alpha[0]);
Equal = (G1, Grow2, Alpha[1]), (G2, Grow2, Alpha[1]);
Equal = (G1, Grow2, Gamma[0]), (G2, Grow2, Gammal[0]);
Equal = (G1, Grow2, Gamma[1]), (G2, Grow2, Gamma][1]);
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15.4.1.1 The Constraints: command

In the syntax file listed above, a set of Equal =( ), ( ); keywords follow the constraints: command,
each having the following structure.

Equal =(G1, Item Name, Parameter), (G2, ltem Name, Parameter);

Note that for all 2PL models there are two parameters; the slope (a1) and the intercept (c = Intercept[0]).
For a two-dimensional model, the slope parameters are denoted as al (Slope[0]) and a2 (Slope[1]).
Consider, in this case, the statement:

Equal = (G1, Cubel, Intercept[0]), (G2, Cubel, Intercept[0]);

This statement instructs IRTPRO to set the ¢ parameter of Cubel in the first group equal to the c
parameter of Cubel in the second group.

15.4.2 DIF (Differential item functioning)

A typical syntax file for a DIF analysis is shown below. Note that a DIF analysis should always
contain a DIF <type>; command where <type> equals one of the words Anchor, Random or All. This
command should be inserted just before the Constraints: command. In the syntax file shown, the
syntax for each type of DIF analysis is shown in red. Note that in an analysis (test) only one type can
be specified at a time.

Project:
Name = Spelling;
Data:
File = .\Spelling.ssig;
Analysis:
Name = Anchored;
Mode = Calibration;
Title:
Spelling DIF
Comments:
Anchor items 1-2-3 candidate 4, 2PL
Estimation:
Method = BAEM;
E-Step = 500, 1e-005;
SE = S-EM;
M-Step = 50, 1e-009;
Quadrature = 49, 6;

SEM = 0.001;
SS = 1e-005;
Save:
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PRM, COV
Miscellaneous:
Decimal = 2;
Processor = 1;
Print GOF, P-Nums;
Min Exp = 1,
Groups:
Variable = Gender;
Group G1:
Value = (1);
Dimension = 1;
Items = Infidelity, Panoramic, Succumb, Girder;
Codes(Infidelity, Panoramic, Succumb, Girder) = 0(0), 1(1);
Model(Infidelity, Panoramic, Succumb, Girder) = 2PL,;
Referenced,;
Mean = 0.0;
Covariance = 1.0;
Group G2:
Value = (2);
Dimension = 1;
Items = Infidelity, Panoramic, Succumb, Girder;
Codes(Infidelity, Panoramic, Succumb, Girder) = 0(0), 1(1);
Model(Infidelity, Panoramic, Succumb, Girder) = 2PL,;
Model(Panoramic) = 2PL;
Model(Succumb) = 2PL,;
Model(Girder) = 2PL;
Mean = Free;
Covariance = Free;
DIF Anchor:
Candidate = Girder;
Anchors = Infidelity, Panoramic, Succumb;
Constraints:
Equal = (G1, Infidelity, Slope[0]), (G2, Infidelity, Slope[0]);
Equal = (G1, Infidelity, Intercept[0]), (G2, Infidelity, Intercept[0]);
Equal = (G1, Panoramic, Slope[0]), (G2, Panoramic, Slope[0]);
Equal = (G1, Panoramic, Intercept[0]), (G2, Panoramic, Intercept[0]);
Equal = (G1, Succumb, Slope[0]), (G2, Succumb, Slope[0]);
Equal = (G1, Succumb, Intercept[0]), (G2, Succumb, Intercept[0]);

The example above is for DIF analysis with a specified set of anchor items. Alternatively, the DIF
paragraph could be either a randomized group analysis, or, for the two-stage analysis in which all
items are examined for DIF, conditional on between—group differences estimated with all item
parameters constrained equal across groups.
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DIF Random:
Candidate = Girder;
Anchors = Infidelity, Panoramic, Succumb;
Constraints:
DIF All;
Constraints:

All items are constrained equal to the corresponding parameters in each group in the Guil—generated
syntax file, and in the first stage of the two—stage DIF analysis, to estimate the mean and variance of

the focal group(s).
15.4.2.1 The DIF <type>: command

IRTPRO distinguishes between three types of DIF (see Chapter 6 for details):

DIF Anchor:
Candidate = <List of candidate items names>; (Separate the names with a comma)

Anchors = <List of anchor items>; (Separate the names with a comma)

DIF Random:
Candidate = <List of candidate items>;

Anchors = <List of anchor items>;

DIF All:
(No keywords in this paragraph)

When selecting the DIF option, the GUI automatically generates the required equality constraints
listed above.

15.4.3 Multidimensional (EFA, BIFAC and CFA)

In the multidimensional case, there are three modeling methods available in IRTPRO; these being
exploratory factor analysis (EFA), bifactor analysis (BIFAC) and confirmatory factor analysis (CFA).
Additional keywords, to be inserted in the general syntax framework, are uniquely associated with
the specific type of analysis method selected. These keywords are printed in red in what follows.

15.4.3.1 Exploratory Factor Analysis (EFA), single group analysis

When either an EFA or a BIFAC analysis is requested, the Constraints: command is not used.
However, the keyword EFA = <Rotation Method>; must be inserted in the Groups: paragraph.

Groups:

EFA = <Rotation Method>;
Group:

Dimension=n; (n=2,3,4...)
(Additional keywords not shown)
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There are four rotation methods available in IRTPRO:

o EFA=0bDQ; (Oblique CF Quartimax)

o EFA=0rV; (Orthogonal CF Varimax)

o EFA =0rDQ; (Orthogonal CF Quartimax)
o EFA=0bV; (Oblique CF Varimax)

15.4.3.2 Exploratory Factor Analysis (EFA), multiple group analysis

Groups:
Variable = Country;
EFA = <Rotation Method>;
Group G1:
Value = (1);
Dimension = n;

15.4.3.3 Bifactor Analysis (BIFAC)

As noted previously, when either an EFA or a BIFAC analysis is requested, the Constraints:
command is not used. However, in the case of a bifactor analysis the keyword GenDim = 1; must
be inserted in the Groups: paragraph. See Section 7.5 for an example where GenDim = 2; is used.
A syntax file for doing a bifactor analysis (See Section 7.2) is shown below. Keywords that are
unique to a bifactor analysis are printed in a bold red typeface.

Project:
Name = QofLife;
Data:
File = .\QofLife.ssig;
Analysis:
Name = BIFAC;
Mode = Calibration;
Title:
Bifactor analysis of the quality of life data (35 items)
Comments:

One general factor and seven specific factors
Estimation:

Method = BAEM;

E-Step = 500, 0.001;

SE = Xpd;

M-Step = 50, 0.001;

Quadrature = 36, 6;

SEM = 0.001;

SS = 1e-005;
Miscellaneous:
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Decimal = 2;

Processors = 4;

Print CTLD, P-Nums;
Groups:
Group :

Dimension = 8;

GenDim = 1;
ltems = lteml, Item2, Item3, ltem4, Item5, Iltem6, Item7, ltem8, Item9, Item10, ltem11, ltem12, Item13,
ltem14, Item15, ltem16, Item17, ltem18, Item19, ltem?20, Item21, Item22, ltem23, ltem24, ltem25,
Iltem26, Item?27, ltem28, Item29, Item30, Item31, ltem32, Item33, Item34, Item35;
Codes(ltem1, Item2, Item3, ltem4, Item5, Iltem6, Item7, Item8,Iltem9, Item10, Item11, Item12, Item13,
ltem14, Item15, ltem16, Item17, ltem18, Item19, ltem20, Item21, Item22, ltem23, ltem24, Item25,
Item26, Item27, Item28, Item29, Item30, Item31, Item32, Item33, Item34, Item35) = 0(0), 1(1), 2(2), 3(3),
4(4), 5(5), 6(6);
Model(ltem1, Item2, Item3, Item4, Item5, Item6, Item7, Item8,ltem9, Item10, Item11, Item12, Item13,
ltem14, Item15, ltem16, Item17, ltem18, ltem19, ltem20, Item21, Item22, ltem23, Item24, ltem25,
Item26, Item27, Item28, Item29, Item30, Item31, Item32, Item33, Item34, Item35) = Graded,;

BFA(Item2, Item3, Item4, Item5) = 2;

BFA(ltem6, Item7, Item8, Item9) = 3;

BFA(Item10, Item11, Iltem12, Item13, Item14, Item15) = 4;

BFA(Item16, Item17, ltem18, Item19, Item20, ltem21) = 5;

BFA(Item22, Item23, ltem24, Item25, Iltem26) = 6;

BFA(Item27, Item28, ltem29, Item30, Item31) = 7,

BFA(Item32, Item33, Item34, Item35) = 8;

As shown above, the last part of the Groups: paragraph contains one or more lines of the form:
BFA(list of item names) = <number of the associated group factor>;

Note that some items may be associated only with the general factor. In this example, Item1 is not
included with any of the group factors. It is also important to note that the items included as group
factors must form mutually exclusive sets.

15.4.3.4 Confirmatory Factor Analysis (CFA or IRT)

A syntax file for doing a confirmatory factor analysis (See Chapter 7) is shown below. Key to doing
a CFA is the use of the Constraints: command to set parameters equal to zero. This part of the
Constraints: paragraph is printed in red typeface. Note that for a CFA, one can additionally impose
equality constraints (Equal =). This is typically required when doing a multiple group CFA.
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Project:

Name = AACL3_21ltems;
Data:

File = \AACL3_21ltems.ssig;
Analysis:

Name = 2d-CFA;

Mode = Calibration;
Title:
AACL dataset, 21 items
Comments:
2-Dimensional simple structure CFA
Estimation:

Method = BAEM,;

E-Step = 500, 1e-005;

SE = S-EM;

M-Step = 50, 1e-006;

Quadrature = 49, 6;

SEM = 0.001;

SS = 1e-005;
Scoring:

Mean = 0;

SD=1;
Miscellaneous:

Decimal = 2;

Processors = 2;

Print CTLD, Loadings, P-Nums, Diagnostic;

Min Exp = 1,
Groups:
Group :
Dimension = 2;

Items = Afraid, Desperate, Fearful, Frightened, Nervous, Panicky, Shaky, Tense, Terrified, Upset, Worrying,

Calm, Cheerful, Contented, Happy, Joyful, Loving, Pleasant, Secure, Steady, Thoughtful;

Codes(Afraid, Desperate, Fearful, Frightened, Nervous, Panicky, Shaky, Tense, Terrified, Upset, Worrying,

Calm, Cheerful, Contented, Happy, Joyful, Loving, Pleasant, Secure, Steady, Thoughtful) = 1(1), 2(0);

Model(Afraid, Desperate, Fearful, Frightened, Nervous, Panicky, Shaky, Tense, Terrified, Upset, Worrying,

Calm, Cheerful, Contented, Happy, Joyful, Loving, Pleasant, Secure, Steady, Thoughtful) = 2PL;

Means = 0.0, 0.0;
Covariances = 1.0,
Free, 1.0;
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Constraints:
(Afraid, Slope[1]) = 0.0;
(Desperate, Slope[1]) = 0.0;
(Fearful, Slope[1]) = 0.0;
(Frightened, Slope[1]) = 0.0;
(Nervous, Slope[1]) = 0.0;
(Panicky, Slope[1]) = 0.0;
(Shaky, Slope[1]) = 0.0;
(Tense, Slope[1]) = 0.0;
(Terrified, Slope[1]) = 0.0;
(Upset, Slope[1]) = 0.0;
(Worrying, Slope[1]) = 0.0;
(Calm, Slope[0]) = 0.0;
(Cheerful, Slope[0]) = 0.0;
(Contented, Slope[0Q]) = 0.0;
(Happy, Slope[Q]) = 0.0;
(Joyful, Slope[0]) = 0.0;
(Loving, Slope[0]) = 0.0;
(Pleasant, Slope[0]) = 0.0;
(Secure, Slope[0]) = 0.0;
(Steady, Slope[0]) = 0.0;
(Thoughtful, Slope[0]) = 0.0;

15.5 Scoring

A syntax file for scoring (see Chapter 8) is shown below. This syntax file contains the Scoring:
command that follows the Estimation: paragraph. Key to an item scoring analysis is the use of the
Constraints: command to assign values (obtained from a previous calibration) to the model
parameters unless the Simulation tab is selected as part of a calibration run. This part of the
Constraints: paragraph is printed in red.

Project:

Name = SLF;
Data:

File = \SLF.ssig;
Analysis:

Name = SSEAP;

Mode = Scoring;
Title:
Social Life Feelings
Comments:
Summed score EAP
Estimation:

Method = BAEM,;

E-Step = 500, 1e-005;
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SE = S-EM;
M-Step = 50, 1e-006;
Quadrature = 49, 6;
SEM = 0.001;
SS = 1e-005;

Scoring:
Create SS to SC table;
Score Persons;

Mean = 0;

SD =1;

Miscellaneous:
Decimal = 2;
Processor = 1;
Print CTLD, P-Nums, Diagnostic;
Min Exp = 1,
Groups:
Group :
Dimension = 1;
Items = SLF1, SLF2, SLF3, SLF4, SLF5;
Codes(SLF1, SLF2, SLF3, SLF4, SLF5) = 0(0), 1(1);
Model(SLF1, SLF2, SLF3, SLF4, SLF5) = 2PL;
Constraints:
(SLF1, Slope[0]) = 1.19684;
(SLF1, Intercept[Q]) = -2.35356;
(SLF2, Slope[0]) = 0.71455;
(SLF2, Intercept[Q]) = 0.79647;
(SLF3, Slope[0]) = 1.53051;
(SLF3, Intercept[0]) = 0.99190;
(SLF4, Slope[0]) = 2.54698;
(SLF4, Intercept[Q]) = -0.66874;
(SLF5, Slope[0]) = 0.92269;
(SLF5, Intercept[Q]) = -1.09696;

15.5.1 Scoring: command

The Scoring: paragraph contains a number of optional keywords and has the following structure:

Scoring:
ID = <Variable name>; (Optional)

Followed by one of the following scoring methods
o Create SS to SC table;
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o) Pattern = EAP;
o) Pattern = MAP;

Score Persons; (Optional when summed-score to scale conversion table (SC to SC) is
requested.)
Integer Score; (Optional)
Mean = <Mean score value>; (Default = 0.0)
SD = <Standard deviation value>; (Default = 1.0)
Minimum = <Minimum score>; (Optional)
Maximum = <Maximum score>; (Optional)

15.6 Simulation

A syntax file for simulation (See Chapter 9) is shown below. This syntax file contains the
Simulation: command that follows the Estimation: paragraph. Key to an item scoring analysis or
IRT simulation is the use of the Constraints: command to assign values (obtained from a previous
calibration) to the model parameters unless the Simulation tab is selected as part of a calibration
run. This part of the Constraints: paragraph is printed in red.

Project:

Name = Eysenck87-itemsl_57;
Data:

File = \Eysenck87-itemsl_57.ssig;
Analysis:

Name = Test1,

Mode = Simulation;
Title:
Simulation of the Eysesenck87-items data
Comments:
Simulate using a -prm.txt file from a previous calibration
Estimation:

Method = BAEM;

E-Step = 500, 1e-005;

SE = S-EM;

M-Step = 50, 1e-006;

Quadrature = 49, 6;

SEM = 0.001;

SS = 1e-005;
Scoring:

Mean = 0;

SD=1;
Miscellaneous:
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Decimal = 2;
Processors = 8;
Print CTLD, P-Nums, Diagnostic;
Min Exp = 1,

Groups:

Group :
Dimension = 1;
Items = eysl, eys3, eys8, eysl0, eysl3, eys22, eys39, eysb, eys4l;
Codes(eysl) = 1(1), 2(0);
Codes(eys3) = 1(1), 2(0);
Codes(eys8) = 1(1), 2(0);
Codes(eys10) = 1(1), 2(0);
Codes(eys13) = 1(1), 2(0);
Codes(eys22) = 1(1), 2(0);
Codes(eys39) = 1(1), 2(0);
Codes(eysb) = 1(0), 2(1);
Codes(eys41) = 1(0), 2(1);
Model(eysl) = 2PL;
Model(eys3) = 2PL;
Model(eys8) = 2PL;
Model(eys10) = 2PL;
Model(eys13) = 2PL;
Model(eys22) = 2PL;
Model(eys39) = 2PL;
Model(eys5) = 2PL;
Model(eys4l) = 2PL;
Mean = 0.00000;
Covariance = 1.00000;

Simulation:
NReplicate = 1;
NExaminees = 189;
PercentMissing = 0;
LVSeed = 4987;
IRSeed = 7681;
SaveAs = SSIG;

Constraints:
(eysl, Slope[0]) = 1.19817;
(eysl, Intercept[0]) = 1.97255;
(eys3, Slope[0]) = 0.82685;
(eys3, Intercept[0]) = 1.24581;
(eys8, Slope[0]) = 1.12099;
(eys8, Intercept[0]) = -0.44465;
(eys10, Slope[0]) = 0.93943;
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(eys10, Intercept[0]) = -1.74548;
(eys13, Slope[0]) = 3.14315;
(eys13, Intercept[0]) = 1.78869;
(eys22, Slope[0]) = 0.55366;
(eys22, Intercept[0]) = 0.18780;
(eys39, Slope[0]) = 0.78489;
(eys39, Intercept[0]) = 0.59850;
(eys5, Slope[0]) = 0.82874;
(eys5, Intercept[0]) = -1.59425;
(eys41, Slope[0]) = 0.14180;
(eys41, Intercept[0]) = 0.55491;
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