
It is with pleasure that I introduce researchers, teachers,
and students to this volume on Integrated Models Cog -
nitive Systems. All such volumes present a snapshot of
the time in which they are created; it is the intent of
the contributors that this snapshot will grace a postcard
to the future.

The history of cognitive studies is a history of trying to
understand the mind by slicing and dicing it into func-
tional components and trying to thoroughly under-
stand each component. Throughout time, the size of the
components has gotten smaller, and their shape has var-
ied considerably, such that what was a whole, the human
mind, has become a jigsaw puzzle of oddly shaped parts.
The emphasis on cognitive systems shows how these
pieces fit together to achieve “complete processing mod-
els” (Newell, 1973) or “activity producing subsystems”
(Brooks, 1991). The emphasis on integrated models rec-
ognizes that the cognitive system is too large and com-
plex for a single researcher or laboratory to model and
that progress can only be made by developing our vari-
ous parts so that they can fit together with the parts devel-
oped by other researchers in other laboratories.

As editor, it is my duty and pleasure to write a preface
to this volume. I view my task as providing a succinct
summary of how this volume came to be, an equally
succinct overview of the volume, and thanks to the many
people whose efforts contributed to its production and
to the success of the workshop on which the volume is
based. I will, however, avoid a more detailed discussion
of integrated models of cognitive systems. That discus-
sion is provided in chapter 1 and continues throughout
this collection.

The Beginnings

This volume began with a conversation with Bob Sorkin
during the spring 2004 workshop of the Air Force Office

of Scientific Research’s (AFOSR) Cognitive/Decision
Making Program Review held in Mesa, Arizona. At that
time, Bob was a program manager at AFOSR, on leave
from the University of Florida. I approached him with
an idea for a workshop and volume that would bring
together elite members of the diverse cognitive model-
ing community. The basic notion was that those working
on single-focus mathematical or computational models
of cognitive functions and those interested in integrated
models of cognitive systems should convene to discuss
commonalities and differences in their approaches
and the possibilities for synergy. Bob discussed this
idea with his AFOSR colleagues John Tangney and
Genevieve Haddad, and (after a formal written proposal,
a formal review by AFOSR, and the usual amount of
paperwork) AFOSR funded the workshop.

Deciding whom to invite to the workshop was one
of the joys of my professional career. I solicited ideas from
colleagues worldwide, searched for topics and citations
on the Web of Science, and compiled a long list of people
and seminal papers in key areas related to the control
of integrated cognitive systems. This list included tra-
ditional areas such as visual attention and visual search,
architectures of cognition very broadly defined, emerg-
ing areas such as the influence of emotion on cognition,
and long-simmering areas such as the influence of the
task environment on cognition. In searching through
papers and deciding on topics, I received considerable
assistance from doctoral students in my fall 2004 grad-
uate seminar, COGS 6962, titled “Advanced Topics in
Cognitive Science: Emotion, Control of Cognition, &
Dynamic Decision Making.” The students and I read
through a list of 48 papers, of which about 30 were
published in 2000 or later, and of those, 12 had been
published in the preceding two years or in press at the
time of the seminar.

At one time, the list of potential invitees approached
100. My goal was to narrow the list to about 20, at most,
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with a goal of 15. In meeting this goal, I wanted to mir-
ror the intellectual diversity of the field, while sam-
pling from the best and brightest of all current
generations of cognitive scientists. Hence, my list
began with brilliant postdoctorate students, who had
published little but had shown great potential. It
extended to assistant professors, junior researchers in
military research laboratories, and midcareer and sen-
ior researchers whose ideas and intellectual vigor have
shaped cognitive science over the past several decades.

Judging from my past experiences in organizing
small workshops, large conferences, and recruiting
contributors for special issues of journals, I thought
that to end up with 15–20 researchers for a conference
in March 2005 and a book the following year that I
should start by inviting 35 participants. I contacted them
by e-mail and telephone. To my delight and chagrin,
30 accepted. Hence, on March 3, 2005, a larger than
expected group came together at the Sarotoga Inn in
Saratoga Springs, New York, for an extended weekend
of scientific discussions.

This Volume

An important feature of this volume is that each draft
was reviewed and revised at least once. The core
reviewers were a subset of the graduate students and
faculty who had participated in my fall 2004 seminar
as well as in workshop discussions (Prof. Michael
Schoelles, Dr. Hansjörg Neth, Mr. Christopher Myers,
Mr. Chris Sims, and Mr. Vladislav “Dan” Veksler).
Hence, each reviewer had provided a substantial intel-
lectual contribution to the volume even before they
had received the chapters.

The workshop featured seven keynote speakers,
and the talks were organized into five sessions. Each
keynote speaker was given 75 minutes to speak (includ-
ing questions) and asked write a chapter of no more than
12,000 words. All other speakers were given 20–30
minutes to speak and asked to write an 8,000-word
chapter. Because the final versions of the chapters did
not fit easily or naturally into the five-session organiza-
tion of the workshop, my core group of reviewers helped
reorganize the chapters into nine book sections and
then assumed the additional responsibility of writing
brief but cogent introductions to each section.

The result is a work in nine sections. Part I,
“Beginnings,” consists of three chapters each of which
would be an excellent first chapter for this volume.

As editor, I have given my chapter, “Composition and
Control of Integrated Cognitive Systems” pride of place.
However, the book could have started with the chapter by
Kevin A. Gluck, Jerry T. Ball, and Michael A. Krusmark,
which details their problems, pitfalls, and successes in
modeling the integrated cognitive systems required by
the pilot of an uninhabited air vehicle. Likewise, a good
beginning would have been keynote speaker Richard
W. “Dick” Pew’s personal history of the field of human
performance modeling from the mid-1950s onward.

Part II, “Systems for Modeling Integrated Cognitive
Systems,” focuses on four systems. The section begins
with an introduction by Sims and Veksler and includes
chapters by keynote speaker John R. Anderson, Ron Sun,
Nicholas L. Cassimatis, and one by Randy J. Brou,
Andrew D. Egerton, and Stephanie M. Doane. These
chapters discuss ACT-R, CLARION, Polyscheme, and
ADAPT, respectively. With the exception of the newest
architecture, Polyscheme, these chapters do not attempt
to provide an overview of the architecture but to provide
a snapshot of research issues that the architecture is
currently advancing.

Part III, “Visual Attention and Perception,” begins
with an introduction by Myers and Neth and includes
chapters by Jeremy M. Wolfe, Marc Pomplun, and
Ronald A. Rensink. Wolfe provides a review and update
on his influential Guided Search 4.0 model of visual
attention; Pomplun presents his area activation model
that predicts eye movements during visual search; and
Rensink sketches out a new and interesting active vision
model of visual perception.

“Environmental Constraints on Integrated Cognitive
Systems,” part IV, begins with an introduction by Neth
and Sims that is immediately followed by keynote
speaker Peter M. Todd’s chapter with Lael J. Schooler
on how builders of “skyscraper cognitive models and of
cottage decision heuristics” can work together once we
unders tand the structure of the task environment in
which cognition takes place. Wai-Tat Fu focuses on his
recent rational-ecological approach to understanding
the balance between exploration and exploitation as an
organism adapts to a new environment. Michael C.
Mozer, Sachiko Kinoshita, and Michael Shettel show
how the sequential dependencies between repeated per-
formance of the same task reflect the fine-tuning of cog-
nitive control to the structure of the task environment.
Keynote speaker Alex Kirlik’s chapter concludes this sec-
tion with a thoughtful discussion of the problems facing
integrated models of cognitive systems as they begin to
be applied to dynamic and interactive environments.
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Part V, “Integrating Emotions, Motivation, Arousal
Into Models of Cognitive Systems,” was the hardest
section to put together. Despite the recent surge of
interest in the influence of emotion on cognition and
of cognition on emotion, little of this work reflects
both the state of the art in cognitive science research as
well as the state of the art in emotion research. Even
less of the current work reflects attempts by researchers
to build more than box-diagram models in which an
emotion box is connected to a cognitive box by a two-
headed arrow; that is, very little of the work provides an
integrated model of a cognitive-emotional system. But,
where there is academic smoke, occasionally there
may be intellectual fire! I am pleased to have assem-
bled a group of papers that sheds light on the ways and
means by which theories of emotion might be inte-
grated with theories of cognition.

Part V is introduced by Veksler and Schoelles and
consists of five chapters. Keynote speaker Jerome R.
Busemeyer along with colleagues Eric Dimperio and
Ryan K. Jessup present one of the most succinct and
cogent discussions of emotions, motivation, and affect
that I have read. They then proceed to show how affec-
tive state can be integrated into Busemeyer’s influen-
tial decision field theory. Jonathan Gratch and Stacy
Marsella provide an overview of a detailed implemen-
tation of appraisal theory in the Soar cognitive archi-
tecture. Glenn Gunzelman, Kevin A. Gluck, Scott Price,
Hans P. A. Van Dongen, and David F. Dinges present
human cognitive data from a sleep deprivation study.
They model these data by first creating an ACT-R
model of performance under normal conditions and
then adjusting one parameter of their model to capture
the effects of sleep deprivation on cognition. This work
represents a major step along the path of integrated
models of cognition and emotion. The chapter by
Frank E. Ritter, Andrew L. Reifers, Laura Cousino
Klein, and Michael L. Schoelles lays out a methodology
for systematically exploring the ways in which emotion
can be integrated into existing cognitive architectures.
Eva Hudlicka concludes this section with her chapter
on the MAMID methodology for analysis and modeling
of individual differences in cognition and affect.

Part VI, “Modeling Embodiment in Integrated
Cognitive Systems,” presents three chapters that reflect
a moderate definition of embodiment as a cognitive
system that integrates cognition with perception and
action. Keynote speaker Dana Ballard and Nathan
Sprague introduce Walter, a virtual agent in a virtual
environment that navigates sidewalks and street cross-

ings while avoiding obstacles and picking up trash (such
a model virtual citizen!). As serious modelers, they rec-
ognize that there “is no free lunch in that the reason
that embodied models can forego computation is that
it is done implicitly by the body itself.” Their goal is to
simulate the body’s “prodigious computational abili-
ties.” Laurence T. Maloney, Julia Trommershäuser,
and Michael S. Landy show that speeded movement
tasks can be described as formally equivalent to deci-
sion making under risk and, in doing so, provide one
of the most cogent introductions to the topic of mod-
eling decision making under risk that I have come
across. Anthony Hornof’s chapter ends this section.
Hornof uses the EPIC architecture to build integrated
models of visual search. His chapter provides a study of
the issues faced by cognitive modelers when we
attempt to account for the detailed control of an inte-
grated cognitive system.

Part VII, “Coordinating Tasks Through Goals and
Intentions,” is all about control of integrated cognitive
systems. The section begins with Schoelles’s introduc-
tion and is followed by a trio of chapters by keynote
speaker David Kieras, Dario D. Salvucci, and Niels
Taatgen that frame the modern discussion of how con-
trol should be implemented in architectures of cogni-
tion. In the fourth chapter in this section, Erik M.
Altmann shows that the construct of “goal” for the
short-term control of behavior (as opposed to “goal” in
a longer-term, motivational sense) can be reduced to
more basic cognitive constructs. The section ends with
Richard A. Carlson’s interesting discussion of the costs
and benefits of deictic specification in the real-time
control of behavior.

The two chapters in “Tools for Advancing
Integrated Models of Cognitive Systems,” part VIII,
share a common interest in advancing the cause of
integrated modeling by providing tools to make the
enterprise easier. A common problem in modeling
human behavior is simply that there are many possible
ways of performing the same task. Andrew Howes,
Richard L. Lewis, and Alonso Vera sketch an approach
to predicting the optimal method or strategy, given a
description of the task goal and task environment
together with an explicit specification of the cognitive
architecture and knowledge available for task perform-
ance. Where Howes et al. tackle a specialized issue of
concern to expert modelers, Richard P. Cooper takes
the opposite tack of creating a tool, COGENT, that
provides a common graphical, object-oriented interface
to a Swiss Army knife collection of modeling techniques.
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Rather than providing a software system that advances
a particular cognitive theory, COGENT provides a
means for students to become familiar with alternative
modeling techniques and for researchers to quickly
explore alternative theoretical approaches for model-
ing their phenomena of interest.

As there was a “Beginnings,” so there must be an end.
Part IX, “Afterword,” consists of a short introduction
followed by a single chapter. In this chapter, Michael D.
Byrne provides a thoughtful and occasionally impas-
sioned discussion of the issues discussed at the workshop
and how best to advance cognitive science by the loose
collaboration of those who would build integrated mod-
els of cognitive systems and those who see their task as
building single-focus models of cognitive functions.

Thanks

Many people contributed to the different phases of this
project. First there are the researchers whose chapters
are published here. They believed that the goals of the
workshop and volume were important enough to justify
flying to Saratoga Springs in early March and writing a
chapter after they got home. These are all people with
research agendas whose individual goals may have
been better served by spending more time in their lab-
oratory or writing up research results to submit to good
research journals. I managed to convince them that this
project would be a better use of their time, and I thank
them for letting me do so.

Hero stars and special commendations are due to
Carol Rizzo and Cheryl Keefe of Rensselaer Polytechnic
Institute. Carol worked tirelessly in dealing with the
hotels and restaurants needed by the workshop. She
dealt with each researcher to make travel arrangements.
Together with Cheryl, she processed all of the paper-
work so that each researcher’s travel expenses were
reimbursed. I could not have done this myself, and I
sincerely thank them for doing it for me.

This brings me to my core reviewers and intellectual
support staff. First and foremost, I thank Michael
Schoelles, my close colleague and collaborator for many
years. Next, I thank my junior colleagues Hansjörg
Neth, Markus Guhe, Chris Myers, Chris Sims, and
Dan Veksler. Their intellectual work on this project
began before the fall 2004 seminar, was pushed hard
during the seminar, extended to the workshop, into the
reading and reviewing of each chapter (several twice),
and continued to the writing of section introductions for

this volume. Their work did not end there, as I called on
several of them to critically review my chapter. (As now
seasoned reviewers, they spared me no mercy and my
chapter is better for their comments.) Beyond the
intellectual work, this group also did the lifting and
hauling—literally. On the busy days before the workshop,
they greeted attendees as they arrived at the Albany
Airport or Rensselaer train station and drove them to
Saratoga Springs. They participated in workshop sessions,
while attending to audiovisual needs and other errands
as needed. Throughout all of this, they organized
themselves and worked with energy and goodwill.

Outside this close circle, I called on several other
colleagues to do some of the reviewing. These would
include my former student, Wai-Tat Fu, and Glenn
Gunzelmann.

I would be remiss if I did not thank Series Editor
Frank Ritter or Oxford University Press Editor Catharine
Carlin. As I was looking for an outlet for this volume,
Frank’s new Oxford University Press series, Cognitive
Models and Architectures, was looking for its first vol-
ume. I have known Frank for years and have known
him to be that rare individual who spends as much
time promoting good work that others are doing as he
does promoting his own good work. I have also worked
with him in my role as associate editor for several jour-
nals and knew that he could read critically and
respond constructively—just the attributes needed for
a series editor. I had also known Catharine for several
years as the friendly face behind the Oxford University
Press displays at Psychonomics, Cognitive Science, and
other conferences. During the course of Psychonomics
in Minneapolis (2004), I was pleased to realize that she
possessed an in-depth knowledge of cognitive science
as well as a nose for good wine.

Those of you who juggle careers and families know
that thanks are due to my wife and companion of many
years, Deborah Tong Gray, for putting up with yet another
project. She knows that this is important for me and
has accepted that, unlike football husbands who are
obsessed for a season, academic ones are obsessed for
12 months of the year. For this project, at least, duty
and family occasionally coincided as she directly assisted
me with the not unpleasant task of sampling restau-
rants in Saratoga Springs in which to hold the various
workshop dinners.

Above all I need to acknowledge my debt to the Air
Force Office of Scientific Research that supported the
workshop as well as my work on this volume through
AFOSR grant F49620-03-1-0143. AFOSR is that rare
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federal agency that is staffed with people who know
and understand research, researchers, and the research
community. Beyond that, they are able to make the
connections from basic cognitive science to its applica-
tion as cognitive engineering in support of real-world
problems that many of the researchers they fund are
unable to make for themselves. In particular I need to
thank Bob Sorkin, John Tangney, and Genevieve
Haddad for their roles in making this happen.

This is an exciting time to be a cognitive scientist
and an exciting time to be a modeler. From the psychol-
ogy side, the paradigm of cognitive science is shifting
from a focus on experiments-as-gold standard with box
diagrams as models to quantitative and computational
models that generate the behavior they model. From
the artificial intelligence side, the paradigm of cognitive
science is shifting from a computational philosophy with
no connection to human behavior to one that empha-
sizes the rigorous comparison of model to empirical

data. The researchers represented in this volume stand
in the intersection where these two trends meet. Our
postcard to the future is this volume dedicated to the
proposition that our ultimate goal is to understand an
integrated cognitive system.
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