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ABSTRACT

Successful training of individuals, whether in a live or virtual environment, depends heavily on producing an engag-
ing experience which captures the attention of the trainee. The training system must not only replicate some real life
environment, but must also provide trainees with a mentally stimulating experience. However, maximizing user en-
gagement involves walking a fine line between boredom and cognitive overload. Further, this line shifts from user to
user. An experience that is effective for one trainee may be completely overwhelming or possibly boring to another.
To address this variation in user skill levels, the training environment should be able to recognize and adapt to the
skill level of each trainee, while still adhering to the training goals of the simulation.

This paper presents work conducted under the Office of Naval Research, combining a user-friendly behavior model-
ing framework with biometric sensor feedback in order to create simulated entities who adjust their behaviors in
response to a trainee’s engagement level. This ability for entities within the simulation to adapt their behaviors based
on the trainee’s physical and mental state provides a mechanism by which the training scenario can constantly adjust
itself to maximize its effectiveness. The recognition of user skill level is attained through an evaluation of a trainee’s
brain state, actions, and decision making in a scenario. This evaluation reports normalized values such as workload
and engagement which are used to affect the simulation.

To provide an appropriate adjustment of the user experience, non-player characters in the simulation modify their
behaviors to accommodate the current trainee. These behaviors are represented via a graphical task decomposition
hierarchy, allowing non-programmers to define the appropriate actions for the entities to perform at any time, taking
into account both the situation existing in the virtual environment as well as the engagement level of the player.
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INTRODUCTION

With the increased interest in using virtual training en-
vironments in military training exercises (Cacas, 2011)
come new challenges that test the ability of trainers to
provide positive and effective training. Aspects of live
training that are taken for granted become difficult to
manage in the transfer to the virtual world.

When participating in live training events, trainees inte-
ract with live actors, and are observed by live instruc-
tors. Due to the nature of human communication, much
of this interaction involves the trainers observing and
interpreting trainee non-verbal communication. Without
delving too deeply into the cognitive science that ex-
plains this ability, we as humans can generally gauge
mental states such as confusion, deep thought, and an-
ger based on vocal qualities, body language and facial
expressions. (Knapp & Hall, 2009) This starts to be-
come an issue when we take the trainee out of a live
event and place them in front of a computer screen with
a mouse and keyboard. How do we gain this same
awareness of the trainee’s mental state if instead of in-
teracting with a human, the trainee is interacting with a
computer screen?

There is significant research being done in an effort to
give computer systems the ability to analyze voice cha-
racteristics (Huttunen et al., 2011) and facial expres-
sions (Sarode & Bhatia, 2010) to accomplish these sorts
of goals. However the intent of our system is not to
emulate human non-verbal communication, but rather
to gain an awareness of the mental states that non-
verbal communication indicates.

An alternative path to this same awareness is a mechan-
ism that gives the computer system a different window
into this same information; an electroencephalography
(EEG) headset which performs real-time analysis of
EEG signals acquired from the wearer. Our partner in
this project, Advanced Brain Monitoring, has per-
formed extensive research in this area and has devel-
oped a solution that provides accurate brain state cha-
racteristics such as workload, engagement, drowsiness,
and distraction. (Poythress et al., 2006) This allows us
to circumvent the non-verbal communication issue
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without having to deal with the complexities involved
in analyzing body language.

Once this awareness is developed, we must decide how
to react to it, in order to provide the best training possi-
ble for the trainee in question. In a live event, an in-
structor may adjust training difficulty based on ob-
served workload on the trainee, or live actors may ad-
just their level of cooperation to provide more or less of
a challenge to the trainee. These kinds of adjustments
are completed in an attempt to keep the trainee engaged
in the training and prevent them from disengaging due
to overload or boredom.

The process of matching the challenge of an experience
to the abilities of the participants is described by Csiks-
zentmihalyi (1990) in his work on the concept of flow.
In this work, he describes how human behavior, enjoy-
ment and engagement are highly affected by the nature
of our experiences. He uses the term “optimal expe-
rience” to generally define experiences from which we
derive great joy and view as highpoints in our lives. He
argues that these experiences are realized through the
voluntary maximum application of an individual’s men-
tal and physical skill to work towards the successful
achievement of some task or goal.
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Figure 1. Csikszentmihalyi’s Concept of Flow.

As depicted in Figure 1, experiences that are too chal-
lenging and seem impossible to accomplish cause feel-
ings of anxiety and lead to eventual disengagement
from said experiences. On the other hand, experiences
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that do not present enough of a challenge quickly de-
velop feelings of boredom, which also leads to disen-
gagement. The goal is to match the challenge of an ex-
perience to the skill of the participant. When structured
correctly, with well defined, achievable goals and ex-
plicit rewards both of which match participant skill
levels, experiences can achieve flow. This elevates the
experience for the participant and maximizes both en-
joyment and utility of the experience. (Csikszentmi-
halyi, 1990)

When applied to virtual training and gaming, the same
critical components of Csikszentmihalyi’s concept of
flow and optimal experiences apply. Games that allow
users to achieve flow will cause users to enter a state of
full cognitive engagement, to the point where time and
external stimuli almost cease to exist. While it may
seem unlikely that we will be able to achieve this ex-
treme level of engagement in training simulations, we
argue that the application of Csikszentmihalyi’s con-
cepts in a training simulation will inherently increase
engagement for trainees in that simulation.

Our proposal then, is that a system that can make ap-
propriate adjustments to accommaodate trainee skill lev-
el would have to be able to perform the same tasks re-
quired of a live instructor or actor. It must acquire the
same awareness of trainee workload and engagement,
and then have the knowledge of how to adjust the train-
ing to appropriately maintain a level of difficulty that
facilitates a state of flow for the trainee.

In this paper, we describe work conducted under the
Office of Naval Research with the goal of alleviating
the difficulties associated with the analysis and re-
sponse to trainee cognitive workload in a simulated
environment. This is achieved through the development
of a system that enables rapid development of user-
friendly character behavior models that, through expert
knowledge extraction, are able to appropriately adjust
their own behavior based on assessed trainee engage-
ment level.

This system combines Task-Method-Knowledge
(TMK) behavior hierarchies that represent virtual train-
ing character behavior and biometric sensor feedback to
help gauge trainee workload. The behavior hierarchies
are developed using a methodology which leverages
subject matter expert (SME) knowledge to produce
behavior models that appropriately reflect SME deci-
sion making and thought processes. Assessing trainee
skill level and engagement is facilitated by monitoring
the trainee’s actions, decision making and cognitive
workload throughout the scenario. Behaviors were de-
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veloped for and deployed in the commercially available
simulation environment Virtual Battlespace 2 (VBS2).

The adaptive nature of these entity behaviors is realized
through two important mechanisms: behavior modifica-
tion by instructors prior to the start of a training simula-
tion, and real-time behavior modification by an auto-
mated game controller, termed the observer controller
(O0C).

Behavior modification prior to a training activity is akin
to the pre-game instructions that would be given to live
actors in a live training event. The instructor may give
the actors guidance on the general skill level of the trai-
nees entering the event, and in general provide some
direction on how drastically they should respond to
certain actions taken by the trainees. In this system, the
instructor is able to tweak TMK behavior models to
accomplish the same result.

Real-time behavior modification correlates to adjust-
ments that live actors and instructors may make during
a live training event based on the performance of the
participating trainees. The training characters will react
to trainee actions based on trainee engagement levels as
dictated by pre-training settings, and will also follow
instructions given to them by the simulated training
instructor, the observer controller.

As a proof of concept for how this system is applied,
we developed a scenario for VBS2 in which a trainee is
able to enter an Iraqi village and participate in complex,
realistic character interaction. The 40 characters that
were developed for this scenario encompass many as-
pects of a typical Iraqgi village, including religious lead-
ers, law enforcement, and street vendors, as well as
characters that act as the general population. These
characters are based on character role information ex-
tracted from a database typically used for organizing
live training events in locations such as the National
Training Center in Fort Irwin, California.

The trainee enters this village with the objective of in-
vestigating a report of an individual who may be hous-
ing insurgents in the village. To successfully complete
the objective, the trainee must locate characters in the
village that have information regarding this and attempt
to extract that information from them. Through this
process, they must identify any characters that are sus-
pected of supporting the insurgency.

Characters in this scenario will respond to direct inte-
ractions with the player, as well as to the workload and
assessed skill level of the player to facilitate effective
training.
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TECHNOLOGY OVERVIEW

To provide a full understanding of the adaptive nature
of the behaviors developed using this approach, we will
have to first develop an understanding of the core tech-
nologies in play.

TMK Behavior Modeling

The Task-Method-Knowledge approach that we have
developed for behavior modeling leverages visual pro-
gramming elements that are assembled in a hierarchical
fashion to represent and execute complex process mod-
els. Despite visual similarities to finite state machines
(FSMs), this approach is in fact quite dissimilar to a
FSM. Rather than focusing on states and state transi-
tions, TMK focuses on logical processes that accom-
plish the task at hand. Research has shown that human
behavior can be easier to represent in the form of a vis-
ual hierarchical task network than other traditional be-
havior modeling mechanisms, and the result facilitates
natural process comprehension. (Hauser, 2010)

This approach is based off of work completed by Chan-
drasekaran (1986) in which he proposes that patterns of
process knowledge, termed “generic tasks”, as well as
traditionally accepted concept knowledge, can be used
to represent human behavior. Our TMK hierarchies are
representations of process and concept knowledge that
can be applied to solve specific tasks.

This concept of a task decomposition hierarchy is one
that can be followed quite naturally by experts, who are
generally the individuals that describe the kinds of
processes represented in TMK. This leads to one of the
main differences and benefits of this approach when
compared to traditional behavior modeling approaches:
the knowledge acquisition mechanism. This methodol-
ogy guides the capture of process knowledge directly
from experts using visual TMK elements. This visual
representation facilitates SME participation at all levels
of behavior development, from conceptualization to
deployment.

This visual paradigm provides increased contextual
awareness for a SME and allows for better understand-
ing of the overall system when compared to a rules
based, lisp style representation. With this increased
understanding comes a more effective and efficient
elicitation of expertise. The SME benefits in the visual
representation of their knowledge, in that they gain an
increased understanding of processes that may have
previously been performed on an entirely subconscious
level. Keeping the SME in the loop throughout the as-
sembly of process models promotes accuracy and depth
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of process knowledge. Experts can quickly point out
areas of knowledge deficiencies as well as incorrect
assembly of process knowledge components.

The core elements of our implementation of the TMK
language are hierarchical visual representations of the
various process knowledge components: tasks, me-
thods, and procedures. Tasks represent things that need
to be done, and methods and procedures are ways of
accomplishing those tasks. Methods represent more
complex ways of accomplishing tasks, and break down
into subtask groups which are themselves made up of
individual tasks. Procedures are simple action oriented
components that cannot be further decomposed and
thus act as the leaf nodes of a TMK hierarchy. An ex-
ample TMK structure can be seen in Figure 2.

TOP TASK
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PROCEDURE
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Figure 2. Example TMK Model.

A task can have multiple ways in which it can be ac-
complished, and thus can have multiple method and/or
procedure “child” elements. These child elements, are
executed in a user specified order, and under user speci-
fied conditions, to reflect the decision making that takes
place in determining how to complete any real world
task.

An example of this structure would be a task such as
“Eat Lunch.” This high level task signifies that the goal
of this hierarchy is going to be consuming food for
lunch. This could be done in several ways, depending
on the situation: “Order Out”, “Go to Restaurant”, and
“Eat Packed Lunch”. Under different circumstances,
any of these mechanisms could be used to accomplish
our goal. If there is a business client on site, we may go
to a restaurant. If we have lunch packed, we will proba-
bly eat that unless we packed a boring lunch and have
since decided that takeout is the better solution.

In this scenario, the “Go to Restaurant” solution would
be best represented as a method, since it is a fairly
complex activity, and would break down into subtasks
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such as “Choose Restaurant”, “Travel to Restaurant”,
“Order Food”, etc. Each of these subtasks would then
have their own sub-hierarchy to accomplish the current
goal at hand.

The “Eat Packed Lunch” solution may be represented
as a procedure, since it is quite simple and has few if
any decision points.

Due to the specific nature of the rule definition for
TMK element decisions, the rules themselves are gen-
erally very easy to express. People are quite adept at
describing conditions at this level. For example, con-
sider the question: “What are the circumstances under
which you would order take out versus eat a packed
lunch?” While this is a rather simple example scenario,
it demonstrates the level at which rules are developed in
TMK. Experts don’t have to define general rule sets
that encompass all aspects of a situation; they simply
define specific rules for specific decision points in a
hierarchy, which provides a concrete context for rules,
therefore simplifying the process. As such, every deci-
sion point in the hierarchy is an opportunity for experts
to inject human aspects into how that hierarchy is ex-
ecuted.

Behavior modeling using visual elements in this fashion
provides a natural mechanism for authors to represent
tasks that they are trying to encode, as evidenced by
Hauser (2010). Given this ease of understanding, we
can effectively employ the instructional participants of
a live training scenario to act as experts for developing
the various aspects of a training experience.

Brain State Monitoring

The analysis of trainee cognitive workload is accom-
plished by interfacing with an electroencephalography
(EEG) headset (Figure 3) which performs real-time
analysis of EEG signals acquired from the wearer. This
hardware and accompanying software, provided by our
partner Advanced Brain Monitoring, Inc. (ABM), pro-

t 2 )

Figure 3. B-Alert X10 Headset
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duce operational real-time monitoring of brain state
characteristics such as alertness, attention, distraction,
engagement and mental workload. (Berka et al., 2010)

The functionality provided by this wireless headset has
been utilized in various applications, from sleep optimi-
zation, and fatigue monitoring to psychophysiological
profiling of individuals during training to identify areas
of improvement in novice trainees.

When interfaced into our closed loop, real-time simula-
tion environment, brain state characteristics are norma-
lized and made available to executing behavior models.
This data collection and normalization mechanism is
one of the core offerings of the software provided by
ABM. Through extensive user testing and analysis, a
normalization algorithm has been developed that can
effectively approximate human workload and engage-
ment characteristics based off of the EEG readings tak-
en from the headset. (Johnson et al., 2011)

These values allow behavior models to develop a sense
of brain state trends that may occur in a trainee to indi-
cate either cognitive overload or boredom. Behavior
models are then able to use these values to affect their
decision making throughout a simulation. The subject
matter expert that is assisting in the definition of these
behavior models can indicate decision points in the
model that should account for the cognitive workload of
the trainee.

Virtual Battlespace 2 Behavior Toolset

The core work completed in the project was done so in
a customized TMK behavior authoring environment,
developed for Virtual Battlespace 2 (VBS2). VBS2 is a
well known and widely used virtual training solution
capable of simulating a wide range of situations at the
tactical level. It is a platform that is widely used by
various branches of the U.S. military, including the
U.S. Army and U.S. Marine Corps, for training, mission
rehearsal and experimentation. This widespread use is
the core reason that it was chosen as the platform for
performing this work.

Using VBS2’s plugin architecture and Application
Scripting Interface (ASI), an interface was developed to
build and attach TMK behavior models to characters in
VBS2. This interface includes a behavior composition
tool which enables behavior authoring as well as a be-
havior execution engine which interfaces with VBS2 at
simulation runtime.



Interservice/Industry Training, Simulation, and Education Conference (I/ITSEC) 2011

Behavior Composition

The authoring of behaviors is completed in a custom
TMK authoring environment, shown in Figure 4, that
has functional elements that are directly tied to VBS2
scripting functionality.

sole

In this tool, TMK hierarchies are built up to represent
character behavior and can then be published as execut-
able behaviors, called gears. Once a behavior has been
published, it is immediately available for use in a simu-
lation scenario, via the runtime component of the tool-
set. Users are provided with advisors that assist in leve-
raging basic behavior elements, called basic level ac-
tions (BLAS) to build up appropriate behavior models
for their desired simulation characters (specifics will be
discussed later in the paper).

Behavior Execution
To execute behaviors authored in the behavior console,
users launch a TMK behavior engine along side of
VBS2 at simulation runtime. This behavior engine uses
the VBS2 plugin interface to initialize a runtime link to
the simulation. This runtime link is used to post action
and query commands to the simulation to affect charac-
ter movement and actions and to retrieve vital data from
the simulation.

Behavior View Manager Q@@
File Actions Help

Name - Behawior Status_
Keeper_6 - Tend Market £ Running
Keeper_5 - Tend Market $ Running

Keeper_4 - Tend Market £ Running ]
Keeper_3 - Tend Market £ Running e
rader - Log Soldier Visibilit Running
i |
ydinate - Log Soldier Visit Running l=== EE
[— (

mant South - Civilian Infort Running

mantNorth - Civilian Inforr Running = G

v r-Ambush Player with RF Running

.
-

Figure 5. Runtime Behavior View Interface.
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One of the core aspects of behavior execution is the
viewing of behaviors at runtime. As behaviors are
launched and attached to characters in a VBS2 scenario,
those behaviors are displayed in an interface which
allows users to view behavior models as they execute.

Figure 5 shows the view selection interface on the left,
and an open, executing behavior on the right. This is
useful for both debugging purposes while authoring
behaviors, and reviewing purposes when observing
behaviors during training. These execution views pro-
vide a window into the decisions that are made at run-
time including real time data values and indications of
execution paths taken by the executing model.

BEHAVIOR ADAPTATION
Pre-Training Adaptation

Behaviors that are built using this system can be mod-
ified at any point prior to the launching of the training
simulation to facilitate highly specific training objec-
tives in a scenario. Since all behaviors are defined in
TMK behavior models, this modification can be com-
pleted with relative ease.

Users may want to inject specific event handling me-
chanisms to individual characters in a scenario. Users
could inject mechanisms for responding to commands
given to them by other characters, or perhaps a specific
response to some expected action by the player. Exam-
ples of this would be the modification of attitude thre-
sholds that characters use to determine whether or not
to fully cooperate with the trainee, or the addition of
simplified interaction options to characters that are like-
ly to interact with the player.

This ability to quickly modify existing behaviors pro-
vides a flexible authoring system that allows users to
effectively develop behaviors at various levels of com-
plexity to achieve their desired training objectives.

Real-Time Adaptation

In order to maximize flow for the trainee during the
actual execution of the simulation, two primary me-
chanisms were incorporated which enable characters to
adapt their behaviors in response to biometric data pro-
vided by ABM's hardware. Both of these techniques
center on an automated "observer-controller” (OC) be-
havior model which exists as a TMK behavior attached
to an invisible entity within our training scenario. When
the player's biometric data indicates that his or her en-
gagement levels have fallen out of the target zone, the



Interservice/Industry Training, Simulation, and Education Conference (I/ITSEC) 2011

OC responds by sending communications to the charac-
ters within the training simulation which cause them to
either modify their mood and attitude toward the trai-
nee, or take specific action to guide the player toward
his or her goal.

The first technique involves communicating with the
entire population of the game world, and either increas-
ing or decreasing their mood and attitude. This has the
effect of reducing (or possibly increasing, in situations
where the player requires a additional challenge) the
overall hostility level experienced by the player. For
instance, if the OC improves the population's mood,
those characters will be less likely to engage in activi-
ties which would increase the player's stress level, such
as protesting. If the OC increases the attitude of the
population towards the player, the player will have
more conversation options available to him, making it
easier to extract information which is vital to his mis-
sion. Through these effects, the system is able to reduce
(or increase) the player's anxiety and workload by mak-
ing the scenario more or less challenging.

In addition to modifying the mental state of the charac-
ters within the simulation, the OC can also direct spe-
cific characters to perform specific actions, designed to
guide trainee and get him "back on track™ in situations
where the trainee may have become lost. For instance,
the OC may cause an important character to move to
the area where the player is located, making it more
likely that the player will interact with them. If the
player continues to ignore the character, the OC may
direct the character to begin engaging in activities
which are more likely to draw the player's attention,
such as arguing with another character in front of the
player. In situations where the player continuously fails
to respond to the character, the OC may finally just
direct the character to take the initiative and proactively
start up a conversation with the player.

In these ways, the automated OC functions similar to
the director of a movie, choreographing the activities of
the characters in order to keep the player engaged. Fur-
ther, since the OC is also represented as a TMK model,
it offers the same benefits to end users that the character
models do. Namely, its execution can be viewed at run-
time, in a graphical and human readable form, allowing
the trainer to understand when the player's engagement
level fell, and what actions the OC performed in re-
sponse. Finally, because the OC model has access to the
same extensive capabilities in terms of integration with
various external systems, it can even choose to directly
log these interventions for later review by trainer and
trainee alike, improving the after action review of the
training event.
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ADAPTIVE BEHAVIOR MODELING

To facilitate adaptive character behavior authoring in
our simulated entities, the TMK authoring console was
used to develop a general behavior template that all
characters use as a base for their behaviors. This tem-
plate is based loosely off of work funded by NAVAIR-
TSD and the Office of Naval Research, which demon-
strates a customized behavior modeling framework for
specification of constructive entities within the Joint
Semi-Automated Forces (JSAF) simulation environ-
ment. (Potts, Griffith, Sharp & Allison 2010)

The creation of this template behavior provides a start-
ing point that naturally facilitates adaptive behavior
authoring and modification. As previously described,
one of the core aspects of program control in TMK is
creation of the decision points in a hierarchy that de-
termine in what manner a certain task should be com-
pleted, or decide when that task has achieved comple-
tion. By introducing a goal directed architecture to con-
trol entities that is based on human behavioral characte-
ristics, we have exposed certain aspects of human deci-
sion making that can be modified with relative ease by
end users of this system. This ease of modification en-
capsulates the first component of behavior adaptation
which is that instructors and scenario builders are able
to comprehend and modify character behavior models
in a time frame that facilitates new behavior creation
and modification for individual training groups and
trainees.

ACTIVE Behavior Temp late

7

1

perform character
appropriate behawior

Anahze Situation and "
® Develop Character Goals =

Ferform Behaviors that g
® Faciltate Character Goal ®

Figure 6. Top-Level Behavior Template.

The template itself lays out a goal oriented behavior
structure that constantly analyzes the current situation
and develops appropriate character goals based on that
analysis. To accomplish this, the template has two main
concurrent tasks that execute simultaneously to affect
entity behavior. The first task is “Analyze Situation and
Develop Character Goals”, and the second is “Perform
Behaviors that Facilitate Character Goal Achievement”
as seen in Figure 6.
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Situation Analysis and Goal Development

In the situation analysis and goal development branch,
all sensory input of the character is processed and used
to build up an understanding of the current situation.
This situational awareness is used to develop appropri-
ate goals for the given character.

In the development of this awareness, we examine si-
mulated physiological signals such as hunger, fatigue
and critical health, as well as physical sensory input,
specifically auditory and visual. These low level signals
provide a general comprehension of the factors that
have the highest impact on the general character beha-
vior that we are interested in. This information helps
develop an accurate mental image of what is actually
occurring in the current situation and is used to develop
reasonable goals.

To make the goal assessment and achievement architec-
ture functional, we developed a set of character goals
that represents any high level goal that one of our cha-
racters is able to perform. These are as follows: “Per-
form Occupational Duties”, “Eat”, “Sleep”, “Initiate
Conversation”, “Engage in Conversation”, “Take CoVv-
er”, “Interact with Multi-National Forces”, and “Idle”.

When completing character goal assessment, we take
into account all of the information that was analyzed
about the situation, including general information about
the state of the world such as the time of day. The goal
analysis is completed in a hierarchical manner based on
the priorities of the character in question. We assume
that the foremost goal of any character in our non-
kinetic scenario is survival, so the first thing that gets
checked is critical health. Critical health is a representa-
tion of damage taken due to Kinetic events such as bul-
let or shrapnel damage. If we recognize that we have
taken any sort of critical damage or are made aware of
anyone in our general vicinity that has taken critical
damage, our goal is set to “Take Cover”. The next fac-
tor that we take into account is whether or not we have
an occupation, and if so, whether or not we are sup-
posed to be at work. If we are supposed to be working,
we are less likely to engage in social conversations, or

stop what we are doing to eat or sleep. This affects our
weighting in deciding these types of things. For in-
stance, if | am not working and | am a little hungry, |
might swing by the market and grab something to eat.
However if I am working, I won’t stop to eat until I am
quite hungry and able to take a break for lunch. If we
are not working, we will eat, socialize, and perform
other idle behaviors at will. Eventually we will get tired
and decide to sleep. These kinds of decisions are af-
fected by our mood and proximity to known associates,
as well as our hunger and fatigue. We might decide to
go start up a conversation with a social associate espe-
cially if mood is very low and want to express frustra-
tions.

Character Goal Achievement

Each goal that the character can work towards is
represented by a method under the goal achievement
task as seen in Figure 7. This task exists in a loop that
repeatedly checks the current goal, as formulated in
goal assessment hierarchy, and tasks itself with the ap-
propriate method for accomplishing that goal. For ex-
ample, if the goal assessment hierarchy decides that
“Eat” is the current goal, the goal achievement hie-
rarchy will gracefully abort its current activity, and
switch to the “Eat” method.

Each of these methods is made up of groups of sub-
tasks, which are defined as BLAs that complete the goal
that is specified by the method. The “Eat” method could
be made up of BLAs such as “Locate closest Deli” and
“Go to and Eat at Deli”, which would cause the charac-
ter to eat a meal at the closest deli to his or her current
location.

Character Mental States

Throughout the scenario, character behavior will vary
significantly based of their own simulated mental state.
Each character has two values that are of interest: mood
and attitude towards the player. Independent modifica-
tion of these values has a direct effect on the actions
that each character takes. If a character’s mood is quite
low, in other words quite angry, and they have a low

Select Behavior that Best
Matches Current Goal

Perform Occupational
Duties

“ e

Interact With Multi-National Take Cover
Forces

Figure 7: Goal Achievement Task and Methods.
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attitude towards the player they may form a protest.
However if their attitude towards the player is high,
they may be inclined to approach the player and discuss
their issues for a possible positive resolution. The mood
mainly affects how likely a character is to seek out inte-
raction with the player and other characters, while the
attitude towards the player affects how likely each cha-
racter is to cooperate and provide useful information to
the player.

These values are affected by each character’s expe-
rience in the simulation. Characters influence each oth-
ers” moods and attitudes based off of simulated verbal
communication, which results in attitude and mood
propagation throughout characters in the simulation.
This mood propagation is completed through the simu-
lation of a natural flow of information through the so-
cial network model represented in the character data-
base. Each character will have social, family and busi-
ness associates, all of whom the player is likely to inte-
ract with and disseminate information to. Through these
interactions, mood and attitude will spread through the
village.

These moods and attitudes are ultimately affected by
interactions with the player. If the player is behaving in
such a way as to be highly offensive, mood and attitude
will both be diminished. The player has the opportunity
to approach and attempt to engage in communication
through an in-game chat interface, with any of the cha-
racters in the simulation. Through this communication
the player has the ability to directly affect these charac-
ters as described in the interaction modeling. Player
actions also indirectly affect all nearby characters, as
these characters observe player behavior that is occur-
ring even when they are not directly interacting with the
player.

For instance take any given character, maybe a con-
struction worker. This character at some point is ap-
proached by the player and has very negative interac-
tion with the player. Assuming this character has a so-
cial association with a local street vendor, he is likely to
stop by and converse with this vender the next time he
visits the market place. Some portion of the negative
feelings that the construction worker has developed
towards the player will be influenced onto the vendor.
All future interactions that other characters have with
these two will result in further attitude dispersion.

Building Basic Character Behaviors
Given this general behavior template, we extract cha-

racter data from a given character database and use that
data to develop the template into operationalized beha-
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vior models for use in a VBS2 scenario. To formalize
this template into an operationalized behavior model,
we use an advisor system which guides us through
choosing characters, classifying character data, and
choosing relevant activities for that character to com-
plete.

Character data is extracted from character databases
typically used for organizing live characters in a live
training event. This information includes characteristics
such as occupation, level of education, social, family
and business associates, as well as general feelings to-
wards U.S. forces, religion, and military training. The
advisor interface presents this list of characters to the
user, who selects a single character, and is presented
with data for that character.

The advisor automatically processes much of the in-
formation, simply mapping relevant information in the
database to corresponding behavior characteristics
stored in the character models. The advisor elicits user
input for things that would require heavy processing or
complete guessing on the advisor’s part. Since most of
these databases were intended for human processing,
certain fields are not machine friendly and may contain
typographical errors.

For example, a construction worker’s occupation may
be listed as “Construction”, “Construction Worker”,
“Construction Foreman” or “ConstructionWorker”,
among other things. The user is asked to categorize
occupation into one of several categories including:
Professional, Laborer, Unemployed, and Clergy. This
provides vital information to the advisor for determin-
ing important behavioral characteristics for this indi-
vidual, such as typical work hours and activities.

After, several such prompts, including the selection of
work and socially related basic level actions for use in
various parts of the model, the advisor completes the
assembly of a fully functional behavior model for the
character in question.

Character Interaction Modeling

The critical step in making behavior models that can
appropriately interact with a trainee is the assembly of
each behavior model’s interaction model. These inte-
raction models are what determine how each specific
character is able to interact with the player. The beha-
vior author is provided with an interface to define the
knowledge that each character has in his or her arsenal
for communication with the player. The core aspects of
the knowledge definition are the definition of questions
and correlating answers that could be asked to retrieve
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this knowledge from the character, the definition of
knowledge and answer privacy level, and the mood and
attitude effect that results from the actual asking of spe-
cific questions.

The answer given to any particular question depends on
several factors including the privacy level of the know-
ledge and the relationship of the individuals engaged in
conversation.For example, consider Khakid Kalabat, a
farmer in our simulated village of Medina Wasikh. His
character definition in the character database contains
information about his life, family, and personal history
including a section of general character motivation
background as follows:

“You are a farmer and your family has always been
farmers. You are hoping to find work in Medina Irwin.
You are married and have four children; two sons, Ab-
dul and Rashid, and two daughters, Ahd and Dahab,
your wife’s name is Alia. Your son Abdul was a Ser-
geant in the lIraqgi military. You have not heard from
Abdul for two years now. You fear he may be dead, but
do not discuss it with anyone but your wife. You have
have been married for 24 years. In 1992 you were im-
prisoned by the regime for 6 months; you have not been
able to talk anyone about your experinces there. Your
remaining family has followed you to Medina Wasikh
when the Iragi military and insurgents entered Mahmu-
diya. In your spare time you enjoy smoking and drink-
ing tea with your people and talking about the great
changes ahead for your country. You only have a mi-
nimal amount money. Members of the town occasional-
ly provide you with money to buy food with. While you
are a Shia Muslim, you are not an extremely religious
person. You follow your religion, but are not defined
by it. You do answer calls to prayer.”

As a user, | will want to define questions that allow
access to this information as | see fit to support my
training goals. One such topic for questions would be
Khakid’s feelings towards the old Saddam regime and
Saddam’s removal from power. | define question phras-
ing for how this question would be asked directly to
Khakid, as well as how this question would be asked
about Khakid for the case in which the player is asking
another character in the simulation about this topic.

Asked to him: “Are you happy that the Saddam regime
has been removed from power?”

Asked about him: “What are Khakid Kalabat’s feelings
towards the old regime?”

I would proceed in this process to specify the various
answers to these questions. The specifics of these an-
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swers depend on the situation in which the questions
are asked, and to whom they were asked. They depend
on the asked character’s relationship to the asker, the
level of privacy of the knowledge, and the asked cha-
racter’s current mood and attitude.

Consider the question directly asked to Khakid from a
complete stranger. Khakid depending on his mood, may
respond with “Yes, it is better now.”, It is fine.”, or “I
am very busy, please don’t bother me with such ques-
tions.” If this question were asked by a close compa-
nion, he may respond with more details or enthusiasm:
“Yes, we are so happy to be free of the old regime. Our
family is very glad that we are no longer oppressed by
Saddam.” If this question were asked of another charac-
ter about Khakid, the answer would depend on that cha-
racter’s relationship with Khakid, as well as with the
player. If the character was a close companion of both
Khakid and the player, he or she may divulge informa-
tion about the absence of Abdul, Khakid’s son as a
source of anguish caused by the old regime.

Throughout the trainee’s experience in the simulation,
questions such as this are presented in an in game inte-
raction interface as he or she approaches and converses
with characters. The user selects questions out of the
ones presented and to ask to the character, which is the
basis of all character interaction in the scenario.

After an appropriate level of interaction modeling has
been completed, the fully interactive nature of this sce-
nario can be realized. The level of effort required and
complexity of said modeling is completely dependent
on the training goals of a specific scenario.

CONCLUSION

The end result of this work is a system that we believe
demonstrates a unique combination of visual behavior
modeling and real-time user statistics that facilitates the
development of highly adaptable entity behaviors. Us-
ing this combination of technologies alleviates some of
the more difficult aspects of traditional behavior devel-
opment. This allows SMEs to leverage complex biome-
tric technology to effectively dictate how simulated
entities will provide effective simulated training to trai-
nees with varying levels of incoming skill.

As this architecture matures, Discovery Machine will
continue their efforts in validating the use of visual
TMK hierarchies for this type of application. Our cur-
rent efforts include expanding the domain of expert
knowledge that we have at our disposal for use in this
system.
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Working with other major players in the modeling and
simulation community will give us the opportunity to
tune this architecture to best match the major work be-
ing completed by the community at large.
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