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Preface

The process by which a field of inquiry acquires its name is an interesting
one. Often a label is offered, such as Criterion Referenced Testing, which
is universally accepted within a short time. In most cases, a field develops
slowly and many different labels are employed before consensus is reached
as to an acceptable name. Such is the case for the modern test theory that
is the focus of this book. The basic concepts of the field have been devel-
oped across three-fourths of a century, and a diverse group of persons
have made contributions. For many years there was little agreement as to
what label should be employed to identify the field. Much of the literature
in the 1950s through the 1970s used the term latent trait theory, as it
reflected the use of an underlying hypothetical variable. The latent trait
terminology is due to Lazarsfeld (1954) and carries with it connotations of
psychological scaling procedures. For a short period, Lord (1977) referred
to the field as item characteristic curve theory in recognition of the major
role of such curves. While item characteristic curve theory is an appropriate
label, it tends to be associated with those concepts and procedures based
upon dichotomously scored items. The use of this label becomes a bit
strained when items are scored on a graded or nominal basis as well as
when used within the context of other recent developments. In recent years,
the label item response theory, also due to Lord (1980), has gained ac-
ceptance as the name of the field since it reflects the dependence of the
theory upon an examinee’s responses to items. This label has sufficient
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vi Preface

generality to encompass the many facets of the field as well as to reflect
the basic concepts involved. It is also true that the degree to which a set
of concepts and procedures are accepted in practice is often determined
by their label and this particular title has meaning to both the researcher
and the practitioner.

One of the salient features of item response theory is that it is at once
very old and very new even though it is often referred to as the “‘modern”
test theory. The chapters by Allen Birnbaum in Lord and Novick’s classic
Statistical Theories of Mental Test Scores (1968) made item response theory
visible. Although the basic theory has been available for a generation, only
within the past ten years has a significant level of publication been achieved.
A large number of articles dealing with the theory and application of item
response theory have appeared in measurement-oriented journals. A key
publication was the September 1977 issue of the Journal of Educational
Measurement under the editorship of Lori Shepard. This issue spanned the
range from theoretical concerns to applications. Many basic papers have
appeared in Psychometrika and much of the research exploring and ex-

panding the theory has appeared in the journal Applied Psychological
Measurement. In addition to articles, a number of books have appeared:

Item Response Theory: Applications to Psychological Measurement (Hu-
lein, Draskow, and Parsons, 1983), The Proceedings of the Montreaux
Symposium (De Gruijter and Vander Kamp, 1976), and Einfiihrung in die
Theorie Psychologisher Tests (Fischer, 1974). Much of the interest in item
response theory is due to the efforts of Benjamin Wright. The American
Educational Research Associationpresessions conducted by Dr. Wrightover
a 20-year period and the book Best Test Design (Wright and Stone, 1979)
has made the theory accessible to practitioners. A significant event in the
history of item response theory was the publication of Frederic Lord’s book
Practical Applications of Item Response Theory (1980). This book collects
into a single source the contents of his numerous Educational Testing
Service Research memoranda and papers that have appeared in a variety
of places. Because of Lord’s pivotal role within the field, this book has
had a considerable impact on the use of the theory in applied settings. The
book Applications of Item Response Theory (Hambelton, 1983) also deals
with the use of the theory in practice. Another important book is ltem
Response Theory (Hambelton and Swaminathan, 1985), which provides
broad coverage of the whole of the theory. It relates classical test theory
and item response theory under the assumption that the reader is familiar
with both. The book by Baker (1985) provides an introduction to the basic
concepts of item response theory and is unique in that it has an accom-
panying computer program that allows one to explore the facets of the
theory. Since there are a variety of sources for learning about IRT as a
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Preface vii

test theory, the present book assumes the reader is familiar with the basic
~ constructs.

One result of the available books and articles is that as a field of inquiry
item response theory has become very large. This in turn makes it difficult
for a single book to provide in-depth coverage of the whole field. As a
result, there is a need for more specialized books dealing with specific
aspects of the theory. Because of the mathematical sophistication and the
data processing demands of item response theory test analysis procedures,
computer program implementation is necessary. Thus, from a practical
point of view, the history of item response theory is inextricably intertwined
with the available computer programs such as LOGIST, BICAL, BILOG,
and MULTILOG. Proper specification of the analyses to be performed
and the interpretation of the outputs of these programs depends upon an
intimate understanding of the parameter estimation procedures they im-
plement. Thus I believed that a book dealing only with these procedures
would be a valuable resource for both those who use item response theory
in practice and those who need a basic understanding of these procedures.

The implementation of item response theory rests on the statistical tech-
niques for estimating the parameters of test items and of examinee ability.
However, in striving to present the full panorama of the theory, the existing
books have necessarily provided only the outlines of these estimation pro-
cedures. Thus, presentation of the underlying logic and the mathematical
details of these estimation procedures would complement the existing broader
coverage. A unification of the existing literature would also be achieved
by presenting the mathematics of these estimation procedures in a consis-
tent manner. Finally, providing the full mathematical detail of these esti-
mation procedures would make them accessible to a wider audience.

To meet these goals, this book has been organized in a systematic man-
ner. In the first chapter, the underlying logic of the item characteristic
curve concept and the several models for these curves are presented. Chap-
ters 2 and 3 develop the two building blocks from which several other
estimation paradigms are constructed. Chapter 2 shows the mathematics
of the maximum likelihood procedures for estimating the parameters of
the item characteristic curve under the various models. Chapter 3 presents
the estimation of an examinee’s ability score under these models. In Chap-
ter 4, these two procedures are put together in the Birnbaum paradigm
for the joint maximum likelihood estimation of item and ability parameters
that is the basis for several widely employed computer programs. Owing
to its importance, a separate chapter was devoted to the Rasch model. His
original work is presented in a notation consistent with the rest of the book.
The estimation procedures developed by Wright and his co-workers are
shown, as is the extension of the Rasch model in the form of the linear
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logistic test model. Chapter 6 provides the mathematical details of the
Bock and Aitkin marginal maximum likelihood/EM approach to the es-
timation of item and examinee parameters. Chapter 7 presents the mar-
ginalized Bayesian approach to estimatingitem parameters and two Bayesian
approaches to estimating an examinee’s ability. Chapters 8 and 9 are con-
cerned with the maximum likelihood estimation procedures for parameter
estimation when graded and nominally scored items are employed. The
BASIC computer programs in the appendixes illustrate how the various
estimation procedures are implemented. I hope that the approach taken
provides a gradual increase in sophistication of the material such that the
reader can progress easily from the basics to the complex estimation pro-
cedures. In addition, it should provide a context within which to place
further developments.

The lack of a standardized notation within the item response theory
literature posed a particularly difficult problem in writing this book. Only
a few symbols have been used consistently and the literature has been very
lax in differentiating between parameters and their sample estimators. In
the early chapters, an attempt has been made to present the mathematics
using a symbol system that corresponds to normal statistical usage in this
regard. In the later chapters, the symbol system is more closely linked to
that used in the item response theory literature. This was done to provide
better access to the mathematics of the original articles. In addition, it was
occasionally necessary to attach different meanings to the same symbols
" used in the early and later chapters. I trust that by later chapters the reader
will have developed some notational flexibility. Nonetheless, a serious
effort was made to make the notation as consistent as possible.

The writing of the first draft of this book was supported by a grant from
the Research Committee of the Graduate School, University of Wisconsin.
The typing from my atrocious handwriting was done by the secretaries of
the Laboratory of Experimental Design: Connie Schlehammer, Beth Brown,
Cathy Tobin, Chris Kringle, and Cheryl Houge. The difficult task of con-
verting the manuscript from the NBI word processor to WordPerfect on
the IBM PC computer was accomplished with great skill by Lauri Koch,
who also typed the final version of the manuscript. Without the skill and
diligence of these persons, the book would not have been possible. The
contributions of several generations of graduate students are also acknowl-
edged. Their probing questions revealed many places where the manuscript
was unclear and in some cases incorrect. They contributed much to the
final version. Chapters 6 and 7 were the result of a collaboration with Dr.
Micheal Harwell of the University of Pittsburgh in which the mysteries of
marginal maximum likelihood and Bayesian estimation were unraveled.

Frank B. Baker
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