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multidimensional version of polytomous IRT models is needed as well. In
comparing to these limitations and complications, logistic regression models can be
easily extended from unidimensional models to multidimensional models, from
dichotomous response data to polytomous response data. In this study I explore the
use of simple and multiple logistic regression for dichotomous and polytomous data
in contrast to use of dichotomous and polytomous unidimensional and
multidimensional IRT models. Model parameters are easier to understand and
estimate and they have well-known statistical properties. One of the purposes of
this study is to show that logistic regression models correspond to IRT models and
have advantages over these models. In this study, instead of IRT models [ will
suggest the following logistic regression models to estimate item and test parameters
and I will compare the results with traditional models.
1. Logistic regression for dichotomous response data with

a) One continuous explanatory variable (simple logistic regression)

b) Two continuous explanatory variables (multidimensional logistic regression)

¢) One continuous and one categorical variable (multidimensional logistic

regression model)

2. Logistic regression for polytomous response data

2.1 Logistic regression for nominal response data with
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a) One continuous explanatory variable (simple logistic regressior,)
b) Two continuous explanatory variables (multidimensional logistic
regression)
¢) One continuous and one categorical variable (multidimensional
logistic regression model)
2.2 Logistic regression for ordinal data with
a) One continuous explanatory variable (simple logistic regression)
b) Two continuous explanatory variables (multidimensional logistic
regression)
¢) One continuous and one categorical variable (multidimensional
logistic regression model)
Statement of the Problem

My concem in this study is to investigate the utility of logistic regression procedures
as a means of estimating item and ability parameters in unidimensional and
multidimensional item response theory models for dichotomous and polytomous
data. Basically, simple and multiple logistic regression for dichotomous and
polytomous data instead of dichotomous and polytomous unidimensional and
multidimensional IRT models are used for estimating item and ability parameters.
Model parameters are simply intercept and slope and are easier to understand and
estimate and have well-known statistical properties. One of the purposes of this

study is to show that logistic regression models correspond to IRT models and have
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advantages over IRT models as well. In unidimensional IRT models, the person’s
ability is the only parameter needed to predict success on a given item and
knowledge of the person’s level on other related abilities or performances adds
nothing. In other words, total test score is the only variable used to estimate item
parameters in the test. In unidimensional IRT models, different dimensions of a
given test or performance on other tests is not considered. Even though MIRT
models address this limitation, they are still in their infancy. These models are
complicated and model parameters are not easily estimated and interpreted. Also,
with the increased use of polytomous items, a multidimensional version of
polytomous IRT models is needed as well. In comparing to these limitation and
complication, logistic regression models can be easily extended from unidimensional
models to multidimensional models, from dichotomous response data to polytomous

response data.

The Purpose of the Study
Basically, there are three purposes of this study; First is to show that item and ability
parameters can be estimated by using logistic regression model instead of IRT
models currently used. Second is mathematically and statistically to show that the
item and ability parameter estimates obtained from the logistic regression model are

the same as the item and ability parameter estimates obtained from IRT model

currently used.
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The last is to show that the logistic regression model is more flexible than the IRT
model currently used, that is, the logistic regression model can be easily extended
from the unidimensional model to the multidimensional model, from the
dichotomous data to polytomous data. In unidimensional IRT models, the person’s
ability is the only parameter needed to predict success on a given item and
knowledge of the person’s level on other related abilities or performances adds
nothing. In other words, total test score is the only variable used to estimate all item
parameters in the test. In unidimensional IRT models, different dimensions of a
given test or performance on other tests is not considered. Even though MIRT
models address this limitation, they are still their in infancy. These models are
complicated and model parameters are not easily estimated and interpreted. Also,
with the increased use of polytomous items, a multidimensional version of
polytomous IRT models is needed as well. I explore the use of simple and multiple
logistic regression for dichotomous and polytomous data in contrast to use of
dichotomous and polytomous unidimensional and multidimensional IRT models.
Model parameters are easier to understand and estimate and they have well-known
statistical properties. Showing that logistic regression models correspond to IRT
models and have more advantages over the IRT models is my concern as well.
Significance/Importance of the Study
This study is significant since there is no single research to investigate the

utility of logistic regression procedures as a means of estimating item and ability
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parameters in unidimensional and multidimensional item response theory models for
dichotomous and polytomous data. In the literature there is some research comparing
the existing-commercially available IRT models. But, in this study new models are
suggested. These models can easily be extended from unidimensional models to
multidimensional models, from dichotomous response data to polytomous response
data. My concern in this study is to explore the use of simple and multiple logistic
regression for dichotomous and polytomous data in contrast to use of dichotomous
and polytomous unidimensional and multidimensional IRT models. Model
parameters are easier to understand and estimate and they have well-known
statistical properties. Showing that logistic regression models correspond to IRT
models and have advantages over IRT models is my concern as well.
Research Questions

The following questions were developed to use logistic regression models to
estimate item and ability parameters in contrast to use IRT models. In this study,
dichotomous response data and polytomous response data were investigated
separately.
Category I.

Logistic regression for dichotomous response data with

- One continuous explanatory variable (simple logistic regression)

12
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In this model, total test score is the only variable (continuous) to
estimate item and ability parameters and response variable is
dichotomous.

Research Question 1.

a) What are the item parameter estimates using logistic regression for
dichotomous response data with one continuous explanatory
variable?

b) What are the ability parameter estimates using logistic regression
for dichotomous response data with one continuous explanatory
variable?

¢) What are the similarities and differences between logistic
regression parameter estimates and IRT model parameter
estimates obtained in questions a and b above?

- Two continuous explanatory variables (multidimensional logistic
regression)
In this model, two different continuous variables are used to estimate
item and ability parameters. These variables can be two test scores
obtained from two different dimensions in the same test or two different

test scores. Response variable is still dichotomous.
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Research Question 2,

a) What are the item parameter estimates using logistic regression for
dichotomous response data with two continuous explanatory
variables?

b) What are the ability parameter estimates using logistic regression
for dichotomous response data with two continuous explanatory
variables?

- One continuous and one categorical variables (multidimensional
logistic regression model)

In these models, two different variables are still used to estimate item

and ability parameters. But, one of them is categorical which

is especially useful to detect item differential functioning. Response

variable is still dichotomous.

R ion 3
a) What are the item parameter estimates using logistic regression for
dichotomous response data with one continuous and one
categorical explanatory variable?
b) What are the ability parameter estimates using logistic regression
for dichotomous response data with one continuous and one

categorical explanatory variable?

14
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Category Il
Logistic regression for polytomous nominal response data with
- One continuous explanatory variable (simple logistic regression)
In this model, total test score is the only variable (continuous) to
estimate item and ability parameters and response variable is
polytomous-nominal.
Research Question 4.
a)What are the item parameter estimates using logistic regression for
polytomous nominal response data with one continuous explanatory
variable?

b) What are the ability parameter estimates using logistic regression for
polytomous nominal response data with one continuous explanatory
variable?

- Two continuous explanatory variables (muitidimensional logistic
regression)

In this model, two different continuous variables are used to estimate

item and ability parameters. These variables can be two test scores

obtained from two different dimensions in the same test or two different

test scores. Response variable is polytomous-nominal.
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Research Question 5.
a) What are the item parameter estimates using logistic regression for
polytomous nominal response data with two continuous explanatory

variables?

b) What are the ability parameter estimates using logistic regression for
polytomous nominal response data with two continuous explanatory
variables?

- One continuous and one categorical variable (multidimensional

logistic regression model)

In these models, two different variables are still used to estimate
item and ability parameters. But, one of them is categorical and
especially useful to detect item differential functioning. Response

variable is polytomous nominal.
Research Question 6.
a) What are the item parameter estimates using logistic regression for
polytomous nominal response data with one continuous and one
categorical explanatory variable?
b) What are the ability parameter estimates using logistic regression
for polytomous nominal response data with one continuous and one

categorical explanatory variable?
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Category Il
Logistic regression models for ordinal response data with
- One continuous explanatory variable (simple logistic regression)
In this model, total test score is the only variable (continuous) to
estimate item and ability parameters and response variable is
polytomous ordinal.
Research Question 7,

a) What are the item parameter estimates using logistic regression for
polytomous ordinal response data with one continuous
explanatory variable?

b) What are the ability parameter estimates using logistic regression
for polytomous ordinal response data with one continuous
explanatory variable?

- Two continuous explanatory variables (multidimensional logistic
regression)
In this model, two different continuous variables are used to estimate
item and ability parameters. These variables can be two test scores
obtained from two different dimensions in the same test or two

different test scores. Response variable is polytomous-ordinal.
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Research Question 8.

a) What are the item parameter estimates using logistic regression for
polytomous ordinal response data with two continuous

explanatory variables?

b) What are the ability parameter estimates using logistic regression
for polytomous ordinal response data with two continuous
explanatory variables?

- One continuous and one categorical variable (multidimensional
logistic regression model)

In these models, two different variables are still used to estimate item

and ability parameters, but, one of them is categorical and especially

useful to detect item differential functioning. Response variable is
polytomous-ordinal.
Research Question 9.

a) What are the item parameter estimates using logistic regression for
polytomous ordinal response data with one continuous and one
categorical explanatory variable?

b) What are the ability parameter estimates using logistic regression
for polytomous ordinal response data with one continuous and one

categorical explanatory variable?
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This study only deals with estimation of item and ability parameters using
logistic regression models instead of IRT models. Further investigations are needed
to determine the effect of the following topics:

-Inference for logistic regression
-Confidence interval for effects
-Significance testing for parameter estimates
-Distribution of probability estimates
-Model checking and comparison
-Goodness of fit for models with continuous predictors
-Goodness of fit and likelihood-ratio model comparison tests
-Residuals for logit models
-Diagnostic measures of influence
-Model selection with several predictors
-Backward elimination of predictors
-Sample size and power for logistic regression
-Sample size in multiple logistic regression

-Invariance of item and ability parameter estimates

19
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Summary

This chapter provides a brief overview of the present study associated with the
estimation of item and ability parameters by using logistic regression models,
instead of IRT models. Unlike IRT models, logistic regression models can be easily
extended from the unidimensional models to multidimensional models or from the
dichotomous models to polytomous models. One of the purposes of this study is to
find out if IRT models are regression models based on curvelinear regression, If this
prediction is confirmed, logistic regression will be introduced as a replacement of
these IRT models. These logistic models can be easily extended from the
unidimensional models to multidimensional models or from the dichotomous models
to polytomous models. In this study, simple unidimensional and multidimensional
logistic models are suggested. In the next chapter, a literature review of related

studies will be presented.
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CHAPTER TWO: LITERATURE REVIEW
Overview

My concern in this study is to investigate the utility of logistic regression
procedures as a means of estimating item and ability parameters. Basically, simple
and multiple logistic regression for dichotomous and polytomous data instead of
dichotomous and polytomous unidimensional and multidimensional IRT models are
used for estimating item and ability parameters. Model parameters are simply
intercept and slope and easier to understand and estimate and they have well-known
statistical properties. One of the purposes of this study is to show that logistic
regression models correspond to IRT models and have advantages over IRT models
as well. In all unidimensional IRT models, the person’s ability is the only parameter
needed to predict success on a given item and knowledge of the person’s level on
other related abilities or performance adds nothing. In other words, total test score
is the only variable used to estimate all item parameters in the test. In
unidimensional IRT models, different dimensions on a given test or performance
on other tests is not considered. Even though MIRT models address this limitation,
they are still in their infancy. These models are complicated and model parameters
are not easily estimated and interpreted. Also, with the increased use of polytomous
items, a multidimensional version of polytomous IRT models is needed as well. In

comparison to IRT models, logistic regression models can be easily extended from
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unidimensional models to multidimensional models, from dichotomous response
data to polytomous response data. In this study, I explore the use of simple and
multiple logistic regression for dichotomous and polytomous data in contrast to the
use of dichotomous and polytomous unidimensional and multidimensional IRT
models.

Item response Theory (IRT) is based on a mathematical expression of item
characteristic function or item characteristic curve ICC) , indicating the probability
of success on an item to the ability measured by the test and the characteristics of
the item. Research on the IRT models and their applications is being conducted at
a phenomenal rate (see Thissen & Steinberg, 1986, for a taxonomy of models).
Entire issues of several journals have been devoted to developments in IRT. There
are several item response models that are being used currently in the design and
analysis of educational and psychological tests. The principal difference among the
models is in the mathematical form of the item-characteristic curves. Another
important difference is in the way item responses are scored. IRT models can be
categorized in three ways: (1) Dichotomous unidimensional, (2) polytomous
unidimensional, and (3) dichotomous and polytomous multidimensional response
models. On the other hand, logistic regression is a form of statistical modeling that
is often appropriate for categorical outcome variables (Agresti, 1996). Generally it
describes the relationship between a set of explanatory variables and a categorical

response variable. The explanatory variable can be single or multiple. Logistic
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regression models, like ordinary regression models for normal data, generalize to
allow for several explanatory variables. The predictors can be quantitative,
qualitative, or of both types. In other words, the explanatory variables in logistic
regression can be categorical or continuous. On the other hand, the response variable
can be dichotomous or polytomous, that is, have more than two response levels.
These multiple-level response variables can be nominally or ordinally scaled.

Li Review:

Basically, the purpose of this study is to investigate the utility of the logistic
regression procedures as a means of estimating item and ability parameters in
unidimensional and multidimensional item response theory with dichotomous and
polytomous data.

Thousands of references exist regarding item response theory and logistic
regression separately, and hundreds more are added each month since item response
theory and logistic regression play an increasingly important role in educational
measurement, especially there is so much research to detect differential item
functioning by using logistic regression. But, there is no single research related to
estimation of item and ability parameters by using logistic regression models
instead of IRT applications. A study by Reynolds & Perkins & Brutten (1994) is the
only research that attempts to bridge between logistic regression and item analysis.

In this section, this study and related studies done separately will be reviewed.

23

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Logistic Regression versus Item Response Theory Approach:

The goals of the study by Reynolds, Perkins & Brutten (1994) were threefold:
(1) to provide a comparative analysis of five different item analysis indices using
both IRT and non-IRT indices; (2) to describe the characteristics of flagged items;
and (3) to investigate the appropriateness of logistic regression as an item analysis
technique for further studies. In this study, the performance of five item analysis
indices was examined; p-value, point-biserial correlation, Rasch b parameter, Rasch
chi-square fit and chi-square from the logistic regression model. First, item fit
statistics for each indices were calculated. Second, in order to examine the
agreement among the five indices, rank order correlations were computed. The
correlation matrix indicates an almost perfect correlation between Rasch bs and p-
values from the classical analysis. There was a relationship between Rasch and
logistic regression fit statistics, but the magnitude of the correlation coefficient is not
overwhelming (r=0.30, p=11). They conclude that the chi-square from the logistic
regression fit was found to be an appropriate index when a researcher is attempting
to detect items that function differentially and when the subject pool consists of
varying ability groups. In order to clarify the relationship among the item analysis
techniques a factor analysis was conducted on the rank order correlations between
the indices. First, the correlation matrix was subject to a principal component
analysis. Then the Horn method was employed to determine the number of factors.

After two factors were indicated, a solution was obtained using the varimax rotation
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method. The factor analysis indicated that the first factor was a difficulty factor and
included the Rasch b and p-value indices, whereas the second factor represented the
discrimination power of an item and consisted of the Rasch chi-quare fit, chi-square
from the logistic regression and point biserial correlation. There was a tendency for
difficult items to exhibit more unusual response patterns. Their recommendation is
that the chi-square based on the observed and predicted probabilities in the logistic
regression is an appropriate index when a researcher is attempting to detect items
that function differentially and when the subject pool exhibits a continuum of
ability. Although related to an item’s point biserial, the chi-square from the logistic
regression appears to be more sensitive since it detects inappropriate response
patterns from a particular subgroup of examines. Because it is a statistical test, the
test developer is provided with guidelines for acceptance or rejection of an item
based on probability values. Since it is based on classical true score theory, rather
than IRT model, fewer assumptions are necessary for its employment. They
recommend graphing the p-value from each subgroup of examines. They also
mentioned that this kind of information is valuable to test designers and users
because it indicates for what groups of examines an item lacks validity. They are
also valuable for teaching methodologists and second language acquisition
researchers since different groups of students may use different metacognitive
strategies, may lack sufficient background knowledge, or may lack sufficient reading
skills.

25

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



This study is not a comparison of the existing models that are already used by
researchers. In this study a new model, logistic regression, is suggested and
compared with existing models. But, in the literature there are several studies
comparing the existing models. One of them is the study done by Carlson and Ralph
(1995). This study reports the results of an investigation into the accuracy and
efficacy of item calibration schemes used by commercially available personal
computer programs, BILOG and MicroCAT, when used to calibrate a test that is
currently used in higher education. A calibration of 1000 randomly selected
students’ responses to a 72-question math examination taken by all freshmen
entering a large Eastern research university was performed using various available
options of the two programs. A comparison was made between the calibration
schemes concerning the parameters determined, item fits, and the resulting ability
estimates. High agreement was found between the programs in item
parameterization model in the 2- and 3-parameter cases. Estimation of abilities was
also quite similar: differences encountered were more pronounced in the estimation
of the ability of low scoring examinees. The effect of using a sample with all
responses complete as contrasted with a sample containing omitted responses
appeared to be quite small regardless of the program used.

In another study (Abdel-fattah, 1994), the accuracy of estimation procedures in

item response theory was studied using Manto Carlo methods and varying sample

26

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



size, number of subjects, and distribution of ability parameters for: (1) joint
maximum likelihood as implemented in the computer programs LOGIST: (2)
marginal maximum likelihood; and (3) marginal bayesian procedures as
implemented in the computer program BILOG. Normal ability distributions provided
more accurate item parameter estimates for the marginal bayesian estimation
procedure, especially when the number of items and the number of examinees were
small. The marginal bayesian estimation procedure was generally more accurate
than the others in estimating a, b, and c parameters when ability distributions were
beta. Joint maximum likelihood estimates of the ¢ parameters were the most accurate
as the corresponding marginal Bayesian estimates depending on sample size and test
length. Guidelines are provided for obtaining accurate estimation for real data. The
marginal bayesian procedures is recommended for short tests and small samples
when the ability distribution is normal or truncated normal. Joint maximum
likelihood is preferred for large samples when guessing is a concern and the ability
distribution is truncated normal (Abdel-fattah, 1994).

In another study by Levine, Drasgow, Williams, McCusker, and Thompsan
(1992), two joint maximum likelihood estimation methods (LOGIST 2B and
LOGIST 5) and two marginal maximum likelihood estimation methods (BILOG and
ForScore) were contrasted by measuring the difference between a simulation model
and a model obtained by applying an estimation method to simulation data. Marginal

estimation was found generally to be superior to joint estimation. The parametric

27

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



marginal method (BILOG) was superior to the nonparametric method only for three
parameter logistic models. The nonparametric marginal method (ForSCore) excelled
for more general models. Of the two joint maximum likelihood methods studied,
LOGIST S5 appeared to be more accurate than LOGIST 2B.

Logistic R .

There is plenty of research related to logistic regression (Collett, 1991,
Clogg,1994, Andersen, 1980), but none regards estimation of item and ability
parameters. There are currently many situations in which discriminate analysis,
analysis of variance, linear regression, chi square test, and other more familiar
techniques are being used in place of the more appropriate logistic regression. One
of the basic purposes of the current study is also to show whether the logistic
regression is more appropriate to estimate item and ability parameters instead of IRT
models. Recently, logistic regression methods have become an integral component
of any data analysis concerned with describing the relationship between a response
variable and one or more explanatory variables. It is often the case that the outcome
variable is discrete, taking on two or more possible values. Over the last decade the
logistic model has become, in many fields, the standard method of analysis in this
situation; it wasn’t until Truett, Cornfield, and Kannel (1967) used the model to
provide a multivariate analysis of the Framingham heart study data that its full
power and applicability were appreciated. Nearly every issue of such major journals

as Applied Psychological Measurement, Journal of Educational measurement,
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