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ABSTRACT

Human behavior representation (HBR) is an elusive, yet
criticd goal for many in the simulation community. Re-
quirement spedfications related to HBR often exceed cur-
rent cgpabiliti es. There exist a number of todls, techniques
and frameworks to model and simulate HBR, but they are
constrained and do not generalize well. Even with a vi-
brant reseach community, certain HBR charaderistics re-
main beyond our grasp, unless me unforeseen disruptive
technologies emerge. We survey the state of the pradice
for HBR, discuss ongoing research, and identify what ap-
pea to be insurmountable challenges. Along with expos-
ing the essential charaderistics of HBR and their current
level of maturity, we propose agenerational framework for
considering HBR capabilities. While a number of HBR
issues have been addressd in the literature, there is no
published dscussion explicitly detailing its constraints and
limitations.

1 INTRODUCTION

In concluding his seminal work Computing Machinery and
Intelligencein 1950, Alan Turing roted with regard to ma-
chine intelligence that “we can only see ashort distance
ahea, but we can seeplenty there that needs to be done”
(Turing 1950. Over five decades later, this observation
remains valid for a closely related field — human behavior
representation (HBR). In this paper, we demonstrate that
the challenges faced by the HBR community are of the
same magnitude & the Imitation Game propased by Turing
(Turing 1950.

HBR refers to computer-based models that mimic a-
ther the behavior of a single human or the wlledive a-
tions of a team of humans (Pew and Mavor 1998. Redis
tic representation d individual humans or groups of
humansin computer simulations has srved as an overarch-
ing goal for those mnsidering next-generation simulations.
In a number of cases, it's also been a nealy insurmount-
able dhallenge to the reseachers, designers and developers
of ssimulations, particularly in the milit ary domain.

Over time, we have seen the emergence of numerous
successful simulation technologies that have grealy im-
proved the quality of simulation-based training and the so-
phistication of analyses derived from simulations. From
immersive, networked aircraft and vehicle simulators in-
terading in a synthetic environment, to highly detailed
simulations of entire manufaduring fadlities, modern mili-
tary and industrial planners have & their disposal a variety
of simulation tools to augment training, guide dedsion-
making and assist in refining control processes.

The Dagstuhl Conference Report illustrates both the
significance and complexity of attaining convincing HBR
when considering it as a grand challenge in the field of
modeling and simulation (Ciancarini et a. 2002. Theim-
pad of HBR on future military operations will likely re-
main rnon trivial and probably incresse in significance
Likewise, businesses are seeking more aedive and redis
tic ways to interaa with and serve their customers by using
human-like aitomation systems. The &ility to integrate
models of human behavior that will underlie human-like
agents, groups or instances of dedsion-making entities, or
convincing yet autonomous human charaders in simula-
tions, isan increasingly critical objedive.

While the simulation community continues to devise
novel techniques addressng HBR, those seeking HBR in
simulations must garner comprehensive insight into the
limits of current cgpabiliti es. Such insight should manifest
itself in requirement spedfications that challenge develop-
ers, yet offer the patential for feasible implementations.
We analyzed severa requirement spedficaions for com-
plex military simulation systems in seach of HBR related
requirements (USACOM 1999 STRICOM 2001, NSC
1998). Below are three examples representative of infeasi-
ble requirements relative to current cgpabiliti es. These ex-
amples are only a few of many and have been adapted for
the ontext of this paper in order to refled generaized
elements of HBR.

¢ Provide the cagability to model and simulate in-
teradively the primary and follow-on effeds of
politicd organizaions, social fadors, psychologi-



cd operations and civil affairs on the outcomes of
simulated milit ary operations

e Portray the effects of operations on the human
condition as it relates to effediveness and the
ability to perform misdons. At a minimum, the
simulation must consider morale aad cohesion,
avail abili ty of religious suppart, attrition rate over
time and rate of operations

» Have fully automated behaviors from the individ-
ual human to group level

To reat beyond current capabiliti es introduces sgnificant
risk. A clea articulation of the boundaries that constrain
HBR models will lead to a more informed community that
can make better dedsions regarding the spedficaion of re-
quirements related to HBR in rea-term simulation sys-
tems. Herein we charaderize such constraints.

In this paper, we seek to inform the reader of the cur-
rent bounds, both theoreticd and pradicd, that limit a
simulationists’ ability to convincingly model human be-
havior, even when given no constraints on available re-
sources. We survey relevant literature and assessthe aur-
rent state of HBR tedhnology. Next, we discuss the
failures of some simulation systems with prominent HBR
requirements and propase what the literature demonstrates
as the constraints of HBR. Then, we suggest a framework
for considering attainable, generalized HBR requirements
in nea-term simulation development and paose likely topics
for future work.

1.1 Terminology and Taxonomy

We define several terms that prove useful throughout our
discussion and passess a generally accepted significancein
the field of HBR. Furthermore, we draw from and expand
upon Harmon's taxonomy of HBR requirements (Harmon
20(2) as a means of lending a conceptua framework to the
concepts we discuss

Synthetic Forces- exist in military simulations,
sometimes alongside red forces that have been in-
strumented and linked to the simulation. The
physicd asped represents the movement and state
of platforms (objeds) in the smulation, including
such aspeds as maximum speed and the adions
that can be performed in the world. The behav-
ioral aspeds of a synthetic force platform deter-
mine where, when and how it performs the physi-
cd adions, that is, its behavior (Ritter et al. 2002)

Semi-Automated Forces- simulation of friendly,
enemy and neutral platforms on the virtual battle-
field in which the individual platform simulations
are operated by computer simulation of the plat-
form crew and command hierarchy. The term
"semi-automated” implies that the automation is

controlled and monitored by a human who injeds
command-level dedsion making into the auto-
mated command process (Department of Defense
1998).

Intelligent Software Agent- an artificial agent
that operates in a software environment and imi-
tates human intelligence by mecdhanicd means in
pursuit of the goals of its clients (Franklin and
Graessr 1997

Human Cognition- the process of receving,
processng, storing, and using information in hu
mans.

Based on these definitions, we seethat synthetic forces are
autonomous entities in a simulation lacking human-in-the-
loop oversight. Their underlying structure, charaderistics
and behavioral doctrine ae determined a priori, but behav-
ior emerges as the simulation runs. Semi-automated forces
require human-in-the-loop intervention, and offer greaer
flexibility and control over the behavior manifested in the
simulation. Intelligent software agents are designed less
formally than synthetic or semi-automated forces and may
ladk some of their structure or charaderistics. We note
that no published sources adequately describe and stratify
these terms with regard to HBR.

In light of the Department of Defense’s (DoD’s) diffi-
culty in crafting attainable HBR requirement spedfications
in the past, Harmon has propcsed a taxonomy that parti-
tions HBR into three branches: Non-Cognitive Factors,
Cognitive Capabiliti es and Applicaion Functions (Harmon
20®). Non-Cognitive Fadors relate to the physicd and
psychologicd charaderistics of the human body and mind.
Cognitive Capabili ties refer to situational awareness, plan-
ning and execution. Application Functions refer to the -
pli caion-spedfic tasks under consideration.

Working in the mntext described by these definiti ons,
we review literature related to our goal, which is the identi-
fication of HBR concepts that can be simulated, those that
require more time, and those that, without a significant dis-
ruptive technology, appea unadcievable.

2 BACKGROUND

Most agreethat Modeling Human andOrganizationd Be-
havior: Application to Military Smulations (Pew and
Mavor 1998 is one of the seminal texts concerning HBR.
Ritter et al. (2002 offer a supdement to this text that in-
cludes frameworks or architedures that were not avail able
at the time of publicaion and expanded discusson on the
reusabili ty of existing and emerging models.

A vast body of literature exists describing the imple-
mentation of the achitedures and frameworks described
by Pew and Mavor and subsequently Ritter et al. (2002.
Those mentioned most frequently include Soar, Atomic



Components of Thought — Rational (ACT-R), and
COGNET. Soar is a cognitive achitecure for developing
systems that exhibit intelligent behavior (Laird, Newell and
Rosenbloom 1987). Similarly, ACT-R isa mgnitive achi-
tedure for simulating and understanding human cognition
(Anderson 1993. COGNET is a framework for modeling
human cognition in the mntext of systems operation
(Zadhary, Rossand Weiland 199). These tod's have been
used to design and implement software ayents with human-
like charaderistics. In constructing such agents to model
human performance and emotion applied to a Military Re-
heasal Exercise (MRE), Gratch employed Soar, a cogni-
tive achitedure, as the basis of emotiona appraisal and
human-interadive agents (Gratch and Marsella 2002).
ACT-R, has been used to model such diverse charaderis-
tics as a fighter pilot’s target identificaion, prioritization
and seledion processes (Doyal and Brett 2003) and the d-
feds of cdl phone interfaces on driver behavior (Salvucad
2001). Human operator multi-tasking cgpability in a sim-
plified air traffic control domain has been modeled using
COGNET (Zathary et a. 2001).

Along with these and ather tools, some generalized
techniques have resulted in successful HBR modeling, al-
beit under constrained conditions. Performance moderator
functions have been used to model the impad of values,
emotion, physiology and stress upon individuals and
groups in dedsion-making, yet reseachers note the need to
reduce mmputational requirements by at least an order of
magnitude to make this technique pradicd (Silverman,
Cornwell and O’'Brien 2003. A Markov dynamic model
(MDM) framework has been used to model and predict
driver adions with 95% acaracy. MDMs are similar to
hidden Markov models, but include a dynamic predictive
processlike aKaman filter (Pentland and Liu 1999. The
command and control dedsions of a submarine @m-
mander have been modeled using Bayesian networks (Yu
2008), which are dso useful for assessing knowledge gaps
in human subjeds (Chung et al. 2003).

A number of experimental implementations have
demonstrated the pradicability of HBR in simulations,
notwithstanding constraints on design parameters and sys-
tem performance. One of the most notable successesis the
aforementioned MRE, an immersive, interadive, scenario-
based simulation. The MRE incorporates agent-based vir-
tual humans in a synthetic environment that can include an
interading human (Swartout et al. 2003. Also, reseach-
ers at Sandia National Laboratories have embarked upon
an effort to craft a virtual human - machines with an em-
bedded, highly redistic computer model of the cgnitive
processes that underlie human situation awareness and
naturalistic dedsion making (Forsythe and Xavier 2002).

3 HBR DESIGN FAILURES

One auld presume that inherent complexity and lack of a
comprehensive generalized framework would limit aspira-

tions, but such is not the ase. Recently, several military
simulation systems with HBR requirements have failed
during development. While we aannot predsely link these
requirements to the cause for failure, it is notable that such
incidences have reaurred while the efforts to surmount
HBR chall enges continue.

Perhaps the most dramatic example of such afailureis
the cancdlation of the Joint Simulation System (JSIMS), a
program plagued by cost overruns, organizational chal-
lenges and complexity issues (Tiron 2003). Along with
JSIMS, attempts to model human behavior in the highly
complex domain of Air Traffic Management have proved
problematic, largely as a result of the inflexibility of the
software agents designed to perform ATM tasks normally
handled by human operators (Call entine 2002.

These design failures, and those not discussed in the
literature, should not predude the continued development
of technologies supparting HBR in the nea or long term.
Instead, they should stand as pedagogicd references for
simulationists to consider when crafting requirements for
future systems possessng HBR capabiliti es. As exemplars
of inherent constraints, these failures rve as the founda-
tion for the charaderistics we describe in the subsequent
sedion and lend credence to the generalized requirements
we outline after that.

4 HBR: CHARACTRISTICS, CAPABILITIES AND
CHALLENGES

In this edion, we discuss the bounds imposed by the state
of technology, contrasted with the unredistic expedations
of those who seek HBR in their simulations. These expec
tations persist even though the toadls to redize them may be
immature or nascent. We do this by articulating what can
currently be acomplished in HBR as demonstrated by the
current state of the pradice, describing current reseach
thrusts, and proposing existing constraints that can only be
overcome with infinite time and resources, or be enabled
by an emergent disruptive technology. Our enumeration
should prove useful to those who request, develop, manage
or employ simulations.

4.1 Current State of the Practice

Attaining certain aspeds of HBR can be acomplished
without grea difficulty. Depending on the scope axd com-
plexity of the behavior to be modeled, designers and de-
velopers have been quite successful in incorporating HBR
in their work. For example, elements of “natural lan-
guage”, namely speed reaognition, parsing and generation
can be acomplished under constrained conditions and in
limited domains. Thisis demonstrated by the work of Gar-
field et a. (2003) in designing and implementing a Natural
Language Vocd Interadion tod for use with computer
generated forces and ather synthetic agents, in work on
MRE discussed ealier (Traum et al. 2003, and by the suc-



cessful prototype of an Intelligent Tutoring System featur-
ing dialog agents in the context of military hedth aware-
ness (Luperfoy et al. 2003. In all of these implementa-
tions, utterances were restricted to a limited vocabulary
germane only to the respedive domains or context.

Rudimentary emotion modeling has been implemented
as well. Bidde and colleagues discuss and compare a
number of techniques to dothis, and partition them acard-
ing to biologicd, cognitive, and rational/social categories.
This partitioning underscores the asence of a unifying
framework for complex emotion modeling, as does their
conclusion advocaing “the pursuit of hybrid emotion ar-
chitedures that weave the primary theoreticd framework”
(Biddle & al. 2003). In the MRE, “there ae anumber of
limitations in how the system infers emotional state that
need adjustment or rethinking’ (Gratch and Marsella
2001).

The simulation of human performancefor analysis and
prediction has taken the form of probabilistic models of
cognitive proceses in a number of domains, like train con-
trol system modeling (Joshi, Kaufman and Giras 2001 and
air traffic management (Corker 1999). Similarly, human
performance atributes, like workload, have been modeled
for analytic purposes (Keller 2002). As part of their Agent-
Based Modeling and Behavior Representation program,
the Air Force Reseach Lab provided an oppatunity for
multi ple developers to creae different models of the same
human operator adivities. Subsequently, the development
teams compared their results between models and with
human participants performing the same adivities (Tenney
et a. 2003. In cognitive performance, course of adion
(COA) evaluation and seledion has been implemented us-
ing rule sets coupled with fuzzy logic (Vakas and Burdick
2001) and as noted ealier, with Bayesian networks (Yu
20M).

These examples are in no way exhaustive, but they in-
dicae what designers and developers are arrently cgpable
of implementing, and they give the reader a dea sense of
the bounds imposed by the toadls that are currently avail-
able. Most techniques discussd in this subsection have
been extended beyond the simulation domain, thus exem-
plifying the acceptance and applicabili ty of these technolo-
gies. While these todls are avail able, they are not compre-
hensive or generdizable solutions for the sophisticated
requirements of some in the community. If the user iswill-
ing to accept simplifications and restricted damain sped-
ficity in exchange for reasonable results, then success can
be adieved. Asdemand for a model more dosely assimi-
lating human cognition increases, so does the complexity
of the problem and the risk assciated with successfully
achieving valid HBR.

4.2 AreasWhere Resear ch isOngoing

In order to patray increasingly complex behavioral char-
aderistics, reseachers have pursued an agenda amed at

providing the generalizable frameworks needed for more
compelling HBR. This research has been ongoing within
acalemia, industry, and the military, and experimental re-
sults have been widely published. Integrating the human
performance dtributes, natural language processng (NLP),
cognitive processes and emotional charaderistics described
above, emboded conversational agents have been the fo-
cus of work for those striving to creae virtua humans
(Allbeck and Badler 2002). Likewise, appropriate and
adaptive individual behaviors refleding emotion, mood
and personality are being considered (Kshirsagar 2002,
aong with models of autonomous and convincing group
behaviors (Nakamura 2001). A comprehensive, adaptive
architecure to suppart multi ple reasoning and agent migra-
tion and vehicle dynamics has been proposed (Stytz and
Banks 2001).

A number of todls and frameworks exist for modeling
human cognitive processes and behavior, and while they
have been reviewed in detail (Pew and Mavor 1998 Ritter
et a. 2002, reseachers continue to seek novel means for
applying these toodls and extending HBR capabiliti es. For
example, the virtual humans in the MRE are implemented
in Soar, rendered graphicdly with PeopleShop™, and
make use of the Hidden Markov Model Toalkit for dia-
logue (Hill et a. 2003. Theliterature dealy indicates that
reseachers are seeking to employ a cwmbination of tedh-
niques and approaches in order to produce simulations that
depict a broad range of convincing human charaderistics
and higher levels of simulated cognition. Their successhas
been incremental and partitioned acoss domains and phe-
nomena. Furthermore, there is little to suggest that the
components required to craft simulations including the
convincing HBRs that requirements developers desire ae
about to emerge from the reseach community. While
there is much promise in the ongoing reseach, findings to
this point do not indicate the attainment of generalizable
results for successul, high-fidelity HBR. Infad, a number
of grand challenges remain, and in the subsequent sedion,
we pose those charaderistics that are beyond reach at this
time.

4.3 Characteristics Requiring Infinite Resources or
Disruptive Technologies

Despite vibrant reseach efforts, severa elements of HBR
either cannot be adtieved in a tradable manner — they ei-
ther require unacceptable time or resources — or there is no
known way to acomplish them. In both cases we posit the
need for the occurrence of suitable disruptive technologies
(Christensen 1997 to enable their successful implementa-
tion. Reseachers have continually advanced the state of
speed reagnition and synthesis. NLP, however, is known
to be ahard problem, but is still a requirement for fully
conversant synthetic agents. The mgnitive achitedures
we have described thus far, and their various implementa-



tions, are cnstrained to spedfic domains or are limited in
their scope.

A single framework for modeling human behavior
aaoss multiple levels of resolution, encompassng the in-
dividual, the small team, group, crowd and then population
or culture, has not emerged and appeas beyond our grasp.
Neural networks have demonstrated a rudimentary form of
madine leaning, but leaning must be mupled with hu-
man-like reasoning, emotion and planning of significant
complexity. This has yet to be demonstrated as tractable.
If HBR is ever successfully codified, there must be models
that can acaurately predict behavior. The shea complexity
of the human’s universe of discourse, together with their
ability to ad rationally or irrationally, with adaptabili ty and
innovation, prevent this capability from being accom-
plished. The redizaion of these attributes will likely re-
main relegated to sciencefiction.

While the pursuit of these charaderistics is admirable,
the likelihood d them being attained is miniscule without
either infinite resources or disruptive technologies. Under-
standing what is not possble isjust as crucia as envision
ing what can be done with existing tools. Incomplete
knowledge of the domain constraints can utimately lead to
the types of failures described in Sedion 3. Avoiding
those fail ures while continuing to stimulate innovation and
advancement in HBR should lead to the simulations that
will prove most useful while serving as efficient, effective
and attainable models from which the simulation commu-
nity can benefit grealy. As areference, Figure 1 articu-
lates the charaderistics discussed or referenced in the pre-
vious ®dions and patrays the state of success for eah
charaderistic. Some charaderistics in Figure 1 are por-
trayed as both developing and unachievable in pradice In
these instances, we find that the work ongoing in these a-
eas will not yield generalizable results without an enabling
disruptive technology.

Software engineeing issues play a significant role in
any potential successof HBR. Of significant interest is the
spedfication of requirements related to HBR capabiliti es.
It has been noted that the requirements gedficaion proc-
essfor numerous military simulations has been flawed in
this regard. It has been observed that many “requirements
documents under-spedfied the HBRs they desired
(Harmon 20032, with a ratio of direa to implied require-
ments of approximately 1:3. This observation urderscores
the poaly understood dscipline of formulating HBR re-
guirements and demonstrates the need to improve the proc-
essor risk continued failure. In the subsequent sedion, we
discuss a more pradicable framework for speafying and
assessing HBR requirements.

Although the literature shows that incremental success
is being made in addressng a number of HBR-related chal-
lenges, there is little to indicate that the disruptive tech-
nologies that need to be redized in a number of fields are
about to occur. The aility to link all of the necessary com-
ponents together in order to successfully yield human-like

Developing
Unachievable
in practice

Constrained speech recognition, parsing
and generation

COA analysis, selection and implementa-
tion

Rudimentary emotions

Human physiologicd characteristics

Semi-automated coarse-grained behavior
generation

X | X | X[X]| X | X | Mature

Probabilistic human performance simula-
tionand prediction

Autonomous, convincing group behavior

COA generation

Interdependence  between  plysiology,
emotion and cogrition

Behavior adaptation appropriate to dy-
namic scenarios

Speech generation w/ appropriate prosody

Pattern recognition coupled w/ appropriate
decision-making

Generalized behavior prediction

A single framework for modeling human
behavior at multiple levels of resolution

XX X X[ X | X [X]|X

Complex cognition, reasoning and learn-
ing

Conversational dialogue

Synthesis of autonomous knowledge ac
quisition, planning and behavior

Complete integration between emotion,
cognition and behavior

X | XX X | X |X]| X |X]| X

Figure 1: HBR Charaderistics

models, that those who require HBR capabiliti es in smula-
tions, aso remains unfulfilled. That is not to dminish the
work acomplished to date, but rather to underscore that
the aurrent technology is encumbered by limitations. This
is demonstrated by the sizable community of reseachers
who continually strive to extend our ability to model hu-
man behavior.

5 FEASIBLE REQUIREMENTS FOR HBR IN
NEAR-TERM SIMULATIONS

In providing the community with an HBR taxonomy,
Harmon portrays the state of HBR requirements gedfica-
tion as lacking the necessary clarity, predsion and depth to
contribute to feasible nea-term solutions.  While ageneral
theme may emerge from the analysis of simulation re-
quirements pertaining to HBR, we e&panded upon
Harmon's work and present a more far-reaching assess-
ment of the pradice Going further, we offer the reader
examples of what is currently infeasible and describe a
framework for considering the necessary evolution that
HBR technology and requirements gedficaion should
follow.
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Ignoring disruptive technologies, we propcse amore
incremental approach to specifying requirements with the
intent of establishing succesdve building blocks upon
which developers can generate increasingly improved
HBRs. This approac balances the pragmatism of fulfill-
ing requirements with the innovation inherent in research
and experimentation.

Many are familiar with the canonicd depiction of the
chronologicd evolution of programming languages
(Brookshea 2003. This description is based on the cga
bilities of languages, their feaures and an increasing
abstradion away from machine details and towards a
closer correlation with the gplicaion layer or human
language. Similarly, we pose aan HBR classificaion
framework illustrating an evolution from low-level,
spedfic ocognitive cmponents and interadions to more
generalized, naturalistic human behavior. Moreover, eah
generation should buld upon the success of the preceling
generation, extending and generalizing spedfic
cgpabiliti es. Requirement specification for HBRs well be-
yond the current generation should be @nsidered
infeasible and the risk associated with pursuing them
should be viewed as high. This framework is depicted in
Figure 2 and described below. The shaded areaof Figure 2
corresponds to current, mature HBR cgpabiliti es.

Mature HBR cagpabilities are spedfied in Figure 1.
This limited set indicates that we ae airrently in the first
generation of HBR capabilities, and as ongoing reseach
goals are redized, we may be gproacing the second gen-
eration. Third generation HBR may be described as hav-

ing:

e« A single framework for cognitive, emotional,
physiologicd and behavioral charaderistics

* The &ility to engage in damain-dependent dia-
logue

e Coupled pattern recgnition, planning and ded-
sion-making cgpabili ty

e An architedure for modeling behaviors at various
levels of resolution

The fourth generation would approach human-like faculty
— fully conversant, innovative in planning and sophisti-
cated in behavior.

6 DISCUSSION AND CONCLUSIONS

We have investigated some prominent system failures re-
lated to HBR requirements and coupled the dements of
HBR in those fail ed systems to a survey of the arrent state
of technology for crafting HBRs. Moreover, we have
charaderized the domain constraints relating to HBR and
proposed a feasibility framework by which the community
can continually assessthe current state of technology and
predicate requirements gedficaions in a deaer, more
predse fashion.

In an essay distinguishing hetween simulations and
artificial intelligence, Crockett notes that:

“simulation is designed to present a manipulatable
image, portrayal, or representation, so that we can ma-
nipulate it and hopefully learn more @out the phe-
nomenon simulated. Here is the larger philosophic
point: because the cmmputer is so idedly suited to such
simulations, we have to be caeful not to mistake a
computer simulation for that which is gmulated. It
takes ome phil osophicd discipline, in short, to resist
spedous blurrings of differences between simulations
and the phenomena they simulate” (Crockett 1994).

It is not the goal of simulationists to replicae humans
in synthetic form. Rather, as synthetic agents become
more human-like, their usefulness increases. While Turing
poses that “we may hope that machines will eventually
compete with men in al purely intellecual fields’ (Turing
1990), HBR seeks to merely impart human charaderistics
in simulations to better serve their users, not compete with
them. Despite this, we have demonstrated that the tools to
address HBR related issues are @nstrained and there ae
likely more than a few intradable problems that must be
solved for HBR to fulfill i ts expedations.

7 FUTURE WORK

In the future, we would like to revisit and extend the work
acomplished by Pew and Mavor (1998), and Ritter et a.
(2002) in order to more fully assess the caahiliti es, avail-
able todls, conceptual frameworks and advancements in
incorporating HBR in simulations. Their work, while
thorough and illuminating, is such that periodic examina-
tion of progress and setbadks would yield dividends to the
community. Also, exceealingly thorough and detailed



analysis of HBR successes would demonstrate the most
promising avenues for further reseach in the field.

We have discused some of the challenges faang
those who spedfy HBR-related requirements. A compre-
hensive study of engineeing requirements applied to this
domain would ill ustrate not just the shortcomings, but the
approaches that those who require HBRs dhould take dur-
ing this criticd phase of design. Accordingly, a greaer
degree of rigor and more formality in spedfying HBR at-
tributes would be of tremendous benefit.

ACKNOWLEDGEMENTS

We adknowledge the efforts and contributions of the Mod-
eling and Simulation Laboratory at the University of Vir-
ginia. They helped shape the themes and content of this
work and provided invaluable feedbadk throughout the re-
seach and writing process The MSL has been supparted
in large part by funding from the Defense Modeling and
Simulation Office

REFERENCES

Allbeck, Jan and Badler, Norman 2002 Toward Repre-
senting Agent Behaviors Modified by Personality and
Emotion. Proceedings of the First Annud Joint Con-
ference on Autonamous Agents and Multiagent Sys-
tems, 202-207. Bologna, Italy.

Anderson, JR. 1993. Rules of the Mind. Lawrence Erl-
baum Assoc., Hill sdale, NJ.

Bidde, Elizabeth S., Henninger, Amy, Franchesini, Robert
and Jones, Randolph M. 2003. Emotion Modeling to
Enhance Behavior Representation: A Survey of Ap-
proaches. In Procedlings of the Interservice/Industry
Training, Smulation, and Education Conference
(NI'TSEC) 2003 484-494. Orlando, FL.

Brookshea, J. Glenn 2003 Computer Science An Over-
view. 7th ed. Boston, MA: Addison Wesley.

Cdllentine, Todd J. 2002 CATS-based Air Traffic Con-
troller Agents. NASA/CR-2002211856, National
Aeronautics and Space Administration, Moffet Field,
CA.

Chung, Gregory K.W.K., Delaauz, Girlie C., Dionne,
Gary B., Bewley, William L. 2003 Linking Assess-
ment and Instruction Using Ontologies. Procealings
of the Interservice/Industry Training, Smulation, and
Education Conference (I/ITSEC) 2003 18131822
Orlando, FL.

Christensen, Clayton M 1997. The Innovator’s Dilemma:
When New Tednologies Cause Grea Firms to Fail.
Harvard BusinessSchool Press Boston, MA.

Ciancarini, Paolo, Donohue, George, Lorenz, Dieter, Pan-
zaasa, Pietro, Pritchett, Amy, Swartout, William,
Uhrmacher, Adelinde M. and Zambonelli, Franco.
2002 Simulation and Agent Oriented Software Engi-
neeing: Working Group Report of the Grand Chal-

lenges Dagstuhl Seminar. Grand Challeneges for
Modeing and $mulation — Dagstuhl Report, R. Fuji-
moto, D. Lunceford, E. Page and A.M. Uhrmacher
(eds), 62-66. Available online via <http:
// www. i nf ormati k. uni -rost ock. de/~lin

/ GC/ report/ Dagst uhl _Report . pdf> [accesd
March 5, 2004].

Corker, Kevin M. 1999 Human Performance Simulation
in the Analysis of Advanced Air Traffic Management.
Proceealings of the 1999 Winter Smulation Confer-
ence, ed. P.A. Farrington, H.B. Nembhard, D.T. Stur-
rock and G.W. Evans, 821-828 Phoenix, Arizona: In-
stitute of Eledricd and Eledronics Enginees.
Available online via <http://ww.informns-
cs. or g/ wsc99paper s/ 119. PDF> [accessed March
5, 2004].

Crockett, Larry 1994 The Turing Test and the Frame
Problem: Al's Mistaken Understanding of Intelli-
gence Intellea Books, Norwood NJ.

Department of Defense 1998 Department of Defense
Modeling and Simulation Glossry, Manua No.
500059-M., Washington DC.

Doyal, Jeffrey A. and Brett, Bryan E. 2003 Enhancing
Training Redism by Incorporating High-Fidelity Hu-
man Behavior Representations in the Synthetic Battle-
space Proceadings of the Interservice/Industry Train-
ing, Smulation, and Education Conference (I/ITSEC)
2003 475-483 Orlando, FL

Forsythe, Chris and Xavier, Patrick G. 2002 Human Emu-
lation: Progress Towards Realistic Synthetic Human
Agents. 11" Conference on Computer-Generated
Forces and Behavior Representation, Paper No. 02-
CGF-010

Franklin, Stan and Graesser, Art 1997. Is It an Agent, or
Just a Program? A Taxonomy for Autonomous
Agents. Intelligent Agents Ill: Agent Theories, Archi-
tedures and Languags. New York, NY: Springer-
Verlag.

Garfield, Keith, Washburn, Donald A., Gerber Mattew B.
and Kiriwas, Anton P. 2003. Bre&king the Natural
Language Barrier in Human-Machine Interadion.
Procealings of the Interservice/lndustry Training,
Smulation and Education Conference(I/ITSEC) 2003
15261536. Orlando, FL.

Gratch, Jonathan and Marsella, Stacy 2001 Teas and
Feas: Modeling Emotions and Emotional Behavior in
Synthetic Agents. Procealings for the Fifth Interna-
tiond Conference on Antonymous Agents, 278285
Montred, Québec, Canada.

Harmon, Scott Y. 2002 A Taxonomy of Human Behavior
Representation Requirements. 11" Conference on
Computer Generated Forces & Behavior Representa-
tion, Paper No. 02-CGF-024.

Hill, Randall W., Gratch, Jonathan, Marsella, Stacy,
Rickel, Jeff, Swartout, William and Traum, David
2003 Virtual Humans in the Misson Reheasal Exer-



cise System. Virtual Reality: Spedal Isuue on Sory-
telling in Virtual Environments, L. Schafer (ed.), Kin-
stliche Intelligenz, Bremen, Germany.

Joshi, Virkam V., Kaufman, Lori M. and Giras, Ted C.
2001 Human Behavior Modeling in Train Control
Systems. Proceadings of the Annud Reliahbility and
Maintainahility Symposium 2001 183-188 Philadel-
phia, PA.

Keller, John. Human Performance Modeling for Discrete-
Event Simulation: Workload. Procealings of the 2002
Winter Simulation Conference, E. Yucesan, C.-H.
Chen, J.L. Snowdon and JM. Carnes (eds.), 157162,
San Diego, California: Institute of Eledricd and Elec
tronics  Engineas. Available online via
<http://ww.inforns-cs. org/ wsc02 pa-
per s/ 019. pdf > [accessed March 5, 2004].

Kshirsagar, Sumedha 2002 A Multilayer Perosnality
Model. Procealings of the 2" Internationd Sympo-
siumon Snart Graphics, 107-155 Hawthorne, NY .

Laird, JE., Newell, A. and Rosenbloom, P.S. 1987 Soar:
An Architecure for General Intelligence Artificial In-
telligence, 33: 1-64.

Luperfoy, Susann, Domeshek, Eric, Holman, Elias and
Struck, David 2003 An Architecure for Incorporat-
ing Spoken Dialog Interadion with Complex Simula-
tions. Procealings of the Interservice/lndustry Train-
ing, Smulation, and Education Conference (I/ITSEC)
2003 1515-1525. Orlando, FL.

Nakamura, Kazuo 2001 Towards Flexible Modeling of
Colledive Human Behavior with Cognitive Processes.
Procealings of the Xbint 9" Internationd Fuzzy Sys-
tems As<oiation World Congess 25792584, Van-
couver, Canada.

NSC 1998 Operational Requirements Document, War-
fighters Simulation 200Q Ver 3.7, The National Simu-
lation Center, Fort Leavenworth, KS.

Pentland, Alex and Liu, Andrew 1999 Modeling and Pre-
diction of Human Behavior. Neural Computation 11:
229242

Pew, Richard W. and Mavor, Anne S. (Eds.) 1998. Model-
ing Human and Organizational Behavior: Applicaion
to Military Simulations. National Reseach Council.
National Academy Press Washington DC.

Ritter, Frank E., Shadbdt, Nigel R., Elliman, David,
Young, Richard M., Gobet, Fernand and Baxter,
Gordon D. 2002 Tedniques for Modeling Human
Performance in Synthetic Environments. A Supple-
mental Review. Human Systems Information Analy-
sis Center. Wright-Patterson Air Force Base, OH.

Salvucd, Dario D. 2001. Predicting the Effeds of In-Car
Interfaces on Driver Behavior Using a Cognitive Ar-
chitedure. Procealings of the S G-CHI Conference on
Human Factors in Computing Systems 2001, 120-127.
Seatle, WA.

Silverman, Barry G., Cornwell, Jason and O’Brien, Kevin
2003 Toward Redism in Human Performance Simu-

lation. To appea in Metrics and Methods in Human
Performance Research Toward Individud and Snall
Unit Smulation, Ness JW., Ritzer, D.R., and Tepe,
V. (eds), Human Systems Information Analysis Cen-
ter, Washington DC.

STRICOM 2001 Operational Requirements Document,
One Semi-Automated Forces, Ver. 1.1, Simulation,
training and I nstrumentation Command, Orlando, FL.

Stytz, Martin R. and Banks, Sheila B. 2001 The Distrib-
uted Misgon Training integrated Threa Environment
System Architedure and Design. Transactions on
Modeling and Computer Smulation 11: 106-133.

Swartout, W., Gratch, J., Hill, R., Hovy, E. Lindheim, R.,
Marsella, S, Rickel, J. and Traum, D. 2003 Simula-
tion Meds Hollywood To appea in Multimodd In-
telligent Information Presentation, O. Stock and M.
Zancanaro, (eds), Kluwer, Dordrecht, The Nether-
lands.

Tenney, Yvette J., Dill er, David E., Pew, Richard W., God-
frey, Katherine, Deutsch, Stephen 2003 The AMBR
Projed: A Case-Study in Human Performance Model
Comparison. 12" Conference on Computer Generated
Forces & Behavior Representation, Paper No. 03-
BRIMS-074

Tiron, Roaxana 2003 “Pentagon Cancds Program with
‘Checkered” Past” In Nationd Defense [onling].
Avail able online via
<http://ww. nati onal def ensenagazi ne. or g/
article.cfnl d=1081> [accessed March 3, 2004].

Traum, David, Fleischman, Michad and Hovy, Eduard
2003 NL Generation for Virtual Humans in a Com-
plex Social Environment. Procealing d the American
Assciation for Artificial Intelligence Sping S/mpo-
sium on Natural Language Generation in Spden and
Written Dialogue. 151-158. Palo Alto, CA.

Turing, Alan M. 1950 Computing Madhinery and Intelli-
gence Mind 236 433-460.

USACOM 1999 Operational Requirements Document,
Joint Simulation System, Ver. 3.0, USACOM Joint
Warfighting Center, Fort Monroe, VA.

Vakas, Deborah and Burdick, Chuck 2001 Commander
Behavior and Course of Action Seledion in JWARS.
Procedalings of the 2001 Winter Simulation Confer-
ence ed. B.A. Peters, J.S. Smith, D.J.Medieros and
M.W. Rohrer, 697-705, Arlington, Virginia: Institute
of Eledricd and Eledronics Engineegs. Available
online via < http://ww.infornms-cs.org/
wscOlpapers/ 092. PDF> [accessed March 5, 2004].

Yu, Leigh, 2003 “A Bayesian Network Representation of
a Submarine Commander” 12" Conference on Com-
puter Generated Forces & Behavior Representation,
Paper No. 03-BRIMS-013

Zachary, Wayne, Ross Lorna and Weiland, Monica Z.
1991 COGNET and BATON: An Integrated Ap-
proach to Embedding User Models in Complex Sys-
tems. Procealings of the IEEE Internationa Confer-



ence on S§/stem, Man and Cybernetics 1991, 689-694,
Charlottesville, VA.

Zachary, Wayne, Santarelli, Thomas, Ryder, Joan,
Stokes, James, and Scolaro, Daniel 2001 “Develop-
ing a Multi-tasking Cognitive Agent Using the
COGNET/iGEN Integrative Architecure” 10" Con
ference on Computer Generated Forces and Behavior
representation, Paper No. 10TH-CGF-70.

AUTHOR BIOGRAPHIES

JOHN C. GIORDANO is an adive duty Captain in the
U.S. Army with nine yeas of service He has conducted
reseach in the field of Modeling and Simulation in con-
junction with his graduate studies. Staring this summer, he
will serve as an instructor with the Department of Electri-
cd Engineeing and Computer Science at the U.S. Military
Academy. John eaned his B.S. from the U.S. Military
Academy, a Masters in Public Administration from Troy
State University, and a Masters in Computer Science from
the University of Virginia.

PAUL F. REYNOLDS, JR. is a Professor of Computer
Science d the University of Virginia. He has conducted re-
seach in Modeling and Simulation for over 25 yeas, and
has published on a variety of M& S topics, including paral-
lel and distributed simulation, multi-resolution modeling
and coercible simulations. He has advised industrial and
government agencies on matters relating to modeling and
simulation. He is a plank holder in the DoD High Level
Architedure.

DAVID C. BROGAN eaned his Ph.D. from Georgia
Tedh and is currently an Assistant Professor of Computer
Science a the University of Virginia. For more than a dec
ade, he has gudied simulation, control, and computer
graphics for the purpose of creding immersive environ
ments, training simulators, and engineeing toals. His re-
seach interests extend to artificia intelligence optimiza
tion, and physicd simulation.



