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Foreword

In early 1988, the American Psychological Association (APA) Science Directorate
began its sponsorship of what would become an exceptionally successful activity
in support of psychological science—the APA Scientific Conferences program.
This program has showcased some of the most important topics in psychological
science and has provided a forum for collaboration among many leading figures
in the field.

The program has inspired a series of books that have presented cutting-
edge work in all areas of psychology. At the turn of the millennium, the series
was renamed the Decade of Behavior Series to help advance the goals of this
important initiative. The Decade of Behavior is a major interdisciplinary cam-
paign designed to promote the contributions of the behavioral and social sciences
to our most important societal challenges in the decade leading up to 2010.
Although a key goal has been to inform the public about these scientific contri-
butions, other activities have been designed to encourage and further collabora-
tion among scientists. Hence, the series that was the “APA Science Series” has
continued as the “Decade of Behavior Series.” This represents one element in
APA'’s efforts to promote the Decade of Behavior initiative as one of its endors-
ing organizations. For additional information about the Decade of Behavior,
please visit http:/www.decadeofbehavior.org.

Over the course of the past years, the Science Conference and Decade
of Behavior Series has allowed psychological scientists to share and explore
cutting-edge findings in psychology. The APA Science Directorate looks forward
to continuing this successful program and to sponsoring other conferences and
books in the years ahead. This series has been so successful that we have chosen
to extend it to include books that, although they do not arise from conferences,
report with the same high quality of scholarship on the latest research.

We are pleased that this important contribution to the literature was sup-
ported in part by the Decade of Behavior program. Congratulations to the editors
and contributors of this volume on their sterling effort.

Steven J. Breckler, PhD Virginia E. Holt
Executive Director for Science Assistant Executive Director
for Science

xiii



Preface

This book highlights several explanatory approaches to model-based measure-
ment. These approaches not only extend rigorous psychometric methods to a vari-
ety of important psychological constructs but, more important, also have the
potential to fundamentally change the nature of the constructs that are meas-
ured. The models in the exploratory approaches have special parameters or fea-
tures that can represent important aspects of constructs that are not represented
in standard item response theory models.

The chapters in this volume are based on presentations that were given at a
conference, “New Directions in Measuring Psychological Constructs With Model-
Based Approaches.” The conference was held in February 2006 at the Georgia
Institute of Technology in Atlanta. The conference was jointly sponsored by the
American Psychological Association and the Georgia Institute of Technology.
The book features chapters by 11 internationally distinguished authors, who
have varying perspectives on how measurement constructs are impacted by mod-
ern psychometric modeling approaches.

Special recognition must be given to individuals who contributed their time
and effort to the conference and to the production of this volume. Dr. James
Roberts assisted not only with managing the conference but also with reviewing
chapters for this volume. Several graduate students in the Quantitative Psy-
chology Program at the Georgia Institute of Technology also contributed to both
the conference and the editing of the book. These students are Robert Daniel,
Heather McIntyre, Hi Shin Shim, and Vanessa Thompson.

Finally, Marshall Picow, my husband, had a vital role in supporting me
throughout the period of the conference and the preparation of the book. This
volume probably would not have been possible without his unfailing and devoted
support during my recovery from a serious accident that occurred during the
week after the conference.
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Measuring Psychological Constructs
With Model-Based Approaches:
An Introduction

Susan E. Embretson

More than a half century has passed since Cronbach (1957) made his well-known
distinction between the correlational and the experimental disciplines in psy-
chology. The disciplines were characterized not only by distinct methods but also
by different kinds of constructs. Psychological measurement is almost entirely
within the correlational discipline, which has individual differences as a primary
focus. Certainly substantial changes have occurred within the two scientific dis-
ciplines and within psychological measurement over the past 50 years. But have
the constructs that are measured using contemporary psychometric methods
become better integrated with constructs that arise from the experimental disci-
pline of psychology?

Within the measurement field over the past half century, item response
theory (IRT) models and methods have replaced classical test theory (CTT) as
the basis for developing many psychological and educational tests. IRT is model-
based measurement, in that the individual item responses are modeled. Thus,
IRT models include not only one or more estimates to represent the persons but
also estimates to represent the psychometric properties of items. This contrasts
sharply with CTT, in which the main target is total score, not item responses.
Hence, item properties are not represented directly in the model.

The many practical, technical, and statistical advantages of IRT for develop-
ing psychological and educational tests have been published widely in both
methodological and substantive journals. Further, IRT has been a major focus in
numerous conferences and workshops, and these gatherings have resulted in
many edited books. The properties of IRT models have also been given consid-
erable attention. For example, Rasch Models: Foundations, Recent Developments
and Applications (Fischer & Molenaar, 1995) especially highlights the formal
quantitative aspects of the models. Objective Measurement: Theory Into Practice,
Volume 5 (Wilson & Engelhard, 2000) is an example of a series that contains a
broad sampling of new applications and extensions of IRT models. Other books,
such as Computerized Adaptive Testing (Wainer, 1990), focus specifically on a
major practical advantage of IRT-based tests. Collectively, the many available
edited volumes have made substantial contributions to psychometric methods
and have further extended IRT into measurement in many substantive areas.
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However, the integration of model-based approaches of IRT with substantive
research on psychological constructs has received less attention. An edited book,
Test Validity (Wainer & Braun, 1988), contains chapters that are focused on new
approaches to explicating validity, which includes IRT model-based approaches.
Although contemporary psychological theory is represented by a couple of articles
in this book, the vast majority of articles concern methodological developments
arising from within the correlational discipline. Another edited book that arose
from a measurement-oriented conference focuses more directly on construct
issues. A conference honoring Samuel Messick was held at Educational Testing
Service in 1997. Although the papers from this conference (see Braun, Jackson, &
Wiley, 2002) raised several issues about psychological constructs, they were not
related to specific model-based measurement approaches. Furthermore, many
papers at the conference could be characterized as primarily based on correla-
tional methods of theory development.

The topics of two edited books are more directly relevant to interfacing meas-
urement methods with contemporary psychological constructs. Test Theory for
a New Generation of Tests (Frederiksen, Mislevy, & Bejar, 1993) introduced
model-based measurement as providing new approaches to testing and new ways
to interface with substantive theory. Few applications have yet been realized,
even though the book preceded the present volume by more than 15 years.
Unfortunately, such delays are not atypical in the slowly evolving world of psycho-
logical testing. Some important recent developments in model-based measure-
ment are covered in Explanatory Item Response Models (De Boeck & Wilson,
2004), along with many interesting illustrative applications. A major goal of De
Boeck and Wilson was to provide an integrated presentation of several recent IRT
models that could be specified with common statistical framework (i.e., as non-
linear mixed models). Hence, the scope of their book was necessarily limited.

Thus, despite many important developments in psychological measurement
in the past half century, there is little evidence that the integration between
measurement and the constructs that stem from psychological theory has pro-
gressed much since Cronbach (1957) noted the two separate disciplines of psychol-
ogy. Perhaps the areas are fundamentally incompatible. This would be especially
true if individual differences were never of interest in experimentally based theo-
ries. However, another possibility is that typical applications of IRT, like its pre-
decessor CTT, may introduce constraints that have limited the applicability of
psychometric methods to constructs of interest in contemporary psychology. That
is, the most widely used psychometric methods are most appropriately applied
when a single source of impact (i.e., underlying dimension) influences both per-
sons and items.

The purpose of this volume, in part, is to present a broad spectrum of model-
based measurement approaches that remove some of the constraints. Typical
test development practices under both CTT and IRT require several assumptions
that do not necessarily interface well with psychological constructs as conceptu-
alized theoretically. That is, the test developer must assume that (a) the same
construct can characterize responses of all persons, (b) items have identical
psychometric properties when administered to different persons, (c) items are
fixed entities with known stimulus content, (d) items are calibrated prior to test
scoring, (e) item response probabilities are monotonically related to the trait to
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be measured, and (f) internal consistency between items on a test indicates
adequate assessment of a trait.

Although these assumptions seem fundamental to developing psychometri-
cally rigorous tests, they have also functioned to define a narrow set of tasks and
conditions that are deemed appropriate for measurement. One obvious conse-
quence has been the popularity of multiple-choice tasks and related objective
item formats because they more readily meet the constraints than do other tasks,
such as constructed responses. Yet constructed response tasks and performance
assessment are often regarded as more authentic measures that better represent
conceptualizations of the domain or construct. The constraints also impact test
content in other ways than item format. For example, empirical tryout of items
involves evaluation and selection in terms of the constraints noted above. Item
attrition is often quite high; a rate of 50% attrition is not atypical. With such high
item attrition, the surviving items may not represent very well the original con-
ceptualization of the task domain.

Several developments in model-based measurement have the potential
to impact the nature of constructs that can be measured in psychology. Some of
these developments remove one or more constraints, as described earlier, whereas
other developments, such as explanatory psychometric models, permit a new level
of integration of measurement and psychological theory. Many of these models
(e.g., De Boeck & Wilson, 2004; Embretson, 1999; Glas & Van der Linden,
2003; Mislevy, Steinberg, & Almond, 2003; Roberts, Donoghue, & Laughlin, 2000;
Rost, 1990, 1991; von Davier & Rost, 1995) have appeared in the psychometric lit-
erature but have not yet been available to the broader audience of psychologists.

The purpose of this volume is to highlight several explanatory approaches to
model-based measurement that can impact the nature of the psychological con-
structs that can be measured with rigorous psychometric methods. In this book,
model-based measurement approaches that are more appropriate for the con-
structs of interest in many substantive areas of psychology are explicated and
illustrated with applications. New developments of model-based measurement in
four different areas are included as follows: (a) model-based approaches to mea-
suring qualitative differences between individuals; (b) model-based approaches to
isolating entangled constructs; (c) model-based approaches for measuring person-
ality, psychopathology, and attitudes from self-reports; and (d) cognitive psycho-
metric models for interactive item generation during testing.

In Part I, Model-Based Approaches to Measuring Qualitative Differences
Between Individuals, several different types of explanatory models are repre-
sented. Qualitative differences between persons in the nature of a construct may
occur either in cognitive measurement or in personality and attitude measure-
ment. A well-studied source of qualitative differences between groups is differen-
tial item functioning (DIF), which is a violation of the traditional psychometric
constraint that items have identical properties for all examinees. A common
psychometric procedure is to eliminate items showing DIF, which consequently
narrows measurement of the construct. Another approach is to use model-
based approaches with DIF items included but with group-specific parameters.
Although the item domain is not narrowed by using this approach, it is nonethe-
less controversial because an individual’s estimated score will be impacted by
demographic variables, such as gender or ethnicity.
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In contrast, a model-based solution has broad potential to identify classes of
individuals who differ qualitatively on the construct. These classes are based not
on demographics but on the pattern of item responses. Mixture IRT models (e.g.,
Rost, 1991; von Davier & Rost, 1995) can be applied when the test scores do not
represent the same construct for different examinees. Such a test probably would
have poor fit to a traditional IRT model because the assumption of unidimension-
ality is violated. The mixture IRT models identify latent classes of examinees
for whom the construct differs qualitatively. Thus, both the score levels and the
latent class memberships of the persons can provide important information
about individual differences. To give an example, success in solving spatial tasks
does not necessarily involve spatial analogue processing. Some spatial tasks may
be solved by either analogue or verbal-analytic processes, which can have impli-
cations for the external correlates of test scores (Embretson, 2007). Of course,
tasks that can be solved by more than one method could be eliminated from
spatial ability measurement; however, the remaining tasks may be sufficiently
restricted so as to adversely impact the theoretical scope of the construct. In
chapter 2, Matthias von Davier presents an overview of mixture distribution
IRT models. His chapter shows a progression of models, from unidimensional
IRT models and latent class models to the mixture distribution IRT models, to
handle varying assumptions about the nature of the construct.

Items that measure the same dominant trait can also differ qualitatively.
Diagnostic IRT-based models, such as the fusion model (Roussos et al., 2007), can
be used to relate qualitative features of items to item solving. In mathematics
achievement, for example, qualitative information about the specific skills that an
examinee has mastered, as well as overall competency level, may be obtained. The
diagnostic IRT models relate scored attribute requirements in the items to per-
formance. In chapter 3, Louis A. Roussos and his coauthors present an overview
of diagnosing skills through diagnostic IRT models.

Another approach to model-based measurement of cognitive skills is based
on multinomial processing tree (MPT) models. MPT models were initially devel-
oped to study normal cognition in specific experimental paradigms in cognitive
psychology, but more recently MPT models have been applied to understand
and measure how special populations differ in latent cognitive skills. In chap-
ter 4, William Batchelder reviews the methodological issues that arise when
MPT models are used for psychological assessment. He also describes recent
applications to special populations.

In Part IT, Model-Based Approaches to Isolating Entangled Constructs, two
approaches are presented that have an interesting relationship to the traditional
psychometric principle of internal consistency. Selecting items by internal con-
sistency can lead to measuring either constructs at the wrong level of generality
(Gustafsson, 2002) or trivial constructs (see Steinberg & Thissen, 1996). Model-
based measurement approaches can aid in untangling the trivial or inappropri-
ate constructs from the thgoretically targeted construct. In chapter 5, Jan-Eric
Gustafsson and Lisbeth Aberg-Bengtsson describe how model-based results
reveal that the intended construct of a psychological test in itself can be under-
stood in terms of both more general and more specific constructs. Such results
have important implications for distinguishing between constructs because tests
that fit unidimensional measurement models, in fact, typically reflect multiple



