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ABSTRACT: This paper presents problems with non-interactive training simulators, and presents the design for an
interactive system that will address these problems. The focus of this systemis an omniscient Director agent that
monitors the actions of the Trainee and other charactersinvolved in a training scenario. Once the Director notices
when the training goals of the scenario are not being met, it then dynamically modifies the state of the world to make
reaching the training goals more likely. The pedagogical effectiveness of the training simulation should be increased

through this observation and action combination.

1. Introduction

Realism is an important value to uphold when creating
military training ssmulations. The environment should be
immersive and three-dimensional, complete with realistic
opponents and teammates. To further provide arealistic
simulation in this environment, the Trainee should have
as much of afree range of action as possible; his actions
should not be constrained by what the designers envision
the Trainee would possibly do. We definethe Trainee's
ability to act as he desiresin the world as user flexibility.
If the only goal of building atraining simulation system
were to present an absolutely realistic world, then we
would worry about maximizing this user flexibility and
nothing more. However, given that atraining simulation
is apedagogical tool, there will be specific training goals
for agiven scenario. In order to achieve those goals, the
Trainer needs the representational flexibility to formalize
the goals for the training scenario, to script out in some
abstract manner what should happen, and have away to
dynamically modify the scenario to ensure the training
goasare achieved. We define the ability of the Trainer to
specify the exact scenario he wishes as writer flexibility.
This paper proposes a system that attemptsto find a
balance between user and writer flexibility.

Finding the balance between user flexibility and writer
flexibility liesin the monitoring of the Trainee's actions
and the intelligent modification of the environment. As
the User executes actions in the world, those actions may
begin to lead him down a path that diverges with the
training goals that the Trainer has specified. Monitoring
the Trainee and recognizing this possible divergence from
the training scenario is a key element of improving the
efficiency and efficacy of immersive training. Once a
divergence is recognized, the Trainee must be encouraged
in some unobtrusive, realistic manner to follow a path
more consistent with the pre-defined scenario. How the
world should change, aswell as which global actionsto
execute to create this change, is the other side to our
problem. Once something has gone awry, how do we
reconcile the current state of the world with the desired
onein both arealistic and non-obtrusive fashion?

Inspiration for building the system we are proposing in
this paper has come mainly from work done on interactive
dramasystems|[1], [2], [3], and [4]. Laurel’sdefinition
has come to aptly characterize this yet-to-be-realized art
form [5]:

An “interactive drama,” then, is afirst-person
experience within afantasy world, in which the User
may create, enact, and observe a character whose
choices and actions affect the course of eventsjust as



they might in aplay. The structure of the system
proposed in the study utilizes a playwriting expert
system that enables first-person participation of the User
in the development of the story or plot, and orchestrates
system- controlled events and characters so asto move
the action forward in adramatically interesting way.

This definition brings up several important points, the
most important being that in an interactive drama, the
User isthe character, much akin to the experience we
desire to offer a Trainee. Offering avirtua world that
gives the Trainee afree range of action, while at the same
time ensuring that certain pedagogical goals are met, isa
similar problem to creating an interactive drama, though
most certainly amore constrained one. The main
difference between the two types of systemsisthe overall
goa of each: interactive drama’ s main goal isfor
entertainment, the other is for training.

2. The Problem

When working alongside other human traineesin avirtua
environment, or alongside synthetic teammates, there are
possible problems or situations that may arise that would
harm the pedagogical success of the training scenario.
Theroot of all of these problems can be traced to actions
taking place in the world that harm the possibility of the
training goals being achieved and ways of correcting
them. We have classified these problemsinto three
different categories: human teammate error, trainee error,
and multi-agent direction.

2.1 Human Teammate Error

In training scenarios, atraineeisrarely aone. Rather, he
works with a group of teammates to accomplish the
mission goals given to them by their Trainer. Inthe
course of going through a mission with other trainees,
fulfilling the training goals for this mission could be
hindered by the mistakes made by the human soldiers on
their side.

For example, consider an example where Trainee Tomis
asoldier in aplatoon of troops. His platoon has been
given the mission goal of taking over and securing a
church on the edge of ajungle. The Trainer specifiesthe
training goal for this scenario isto put Tomin asituation
where he must take command of the platoon and that the
other trainees must respond to this change in command.
Now, the most logical way of thisto happen isfor the
acting commander (which may be a synthetic character)
of the platoon to be killed in battle, thus forcing the duties
of command onto Tom. Furthermore, to encourage this
possibility, theinitial state of the world includes a sniper
in the bell tower of the church; ideally, if the platoon is

sneaking up to or storming the building, the sniper would
be able to take the commander out.

Given that we desire to offer arich, realistic environment,
it is possible that the commander will not die because of
some actions taken by Tom'steammate. For example, 1)
the team member in charge of navigation could lead the
platoon to the wrong location, thus avoiding the building
altogether, 2) one of the platoon members could spot the
sniper and shoot him first, 3) the commander could
establish a base on the perimeter while other members of
the platoon forged ahead, 4) one of the characters could
dive and take the bullet meant for the commander, 5) or
even some other character behavior that the Trainer
couldn’t foresee that would render the sniper useless.
With the precondition that the first-in-command has to
die, thus rendering Tom the commander of the platoon,
the world must somehow change to insure that, despite
theinitial setup’sfailings, the training goal will be met.

We propose the use of a Director agent to have a global,
real-time view of the environment. Thefirst
responsibility of the Director is to recognize that the
scenario is diverging from the training goals specified by
the Trainer. Once the agent recognizes that thereisa
problem, it must then alter the world in order to correct
for this problem. Asin our example above, the Director
must be able to handle any of the situations we have listed
and more.

It also should be noted that some of the behaviors above
are actual mistakes made by the teammates, while others
are proper actions according to military doctrine, yet they
till hinder Tom reaching his training goals. Making a
distinction between the two is important; improper
behavior by any human participant should be negatively
trained. However, it is difficult to do so without
sacrificing the experiences of the other human trainees
participating. For instance, if the navigator trainee leads
the platoon astray, he should not be rewarded for thisand
have the church appear on whichever path he chooses.
This adesign issue that arises when we consider using
this system for training more than one trainee at atime;
how do we constrain the system so we can allow the
training of a group of trainees at once? How do we avoid
certain states of the world while still offering negative
reinforcement for mistakes made by trainees? Whilethe
answer is not obvious, we feel that thisis an issue best
answered after we better understand how to build systems
for training asingle Trainee.

2.2 TraineeError

Just as the Trainee’ s human teammates may, the Trainee
himself can make mistakes that can have an effect on the
pedagogical effectiveness of the training scenario.



Typically an error in behavior means a deviation from the
accepted behavior of atrainee in the given situation.
Knowing when the trainee is following incorrect
procedure, even though it may not directly affect the
mission outcome, is key to teaching the Trainee proper
behavior in a given training scenario. If the director
knows that the Trainee has made a mistake, it can ater the
state of the world to negatively reinforce that behavior.
For instance, if the Trainee is assigned to check aroomin
a halway that the platoon is sweeping through, he may
not check as thoroughly as he should; therefore, the
Director agent may notice this mistake and place an
enemy in one of the spots the Trainee overlooked. We
see here a chance for the Trainee to learn by example, a
viable learning technique for students, to avoid making
costly mistakes as well as keeping them in line with the
scenario [6]. Through this type of response, the Director
can be used directly as a pedagogical tool for traineesin
an interactive environment.

2.3 Multi-Agent Direction

Our third classification refers to the flip-side of these
problems: the necessity to direct groups of charactersto
work together to encourage an action to happen in the
world that is difficult for asingle NPC (Non-Player
Character) to achieve. In our framework, the training
knowledge is encapsulated in the Director; we do not
need to distribute the training knowledge to all of the
NPC’sinvolved in the scenario. Because of this design
choice, it islogical to use the Director as the coordinating
agent when a group must work together to solve atraining
goal. Let’ sreturnto our sniper example. If the sniper is
unable to get a clear shot at the platoon’s commander, he
made need cooperation from other NPC'sto help him
achieve thisimportant goal. Those NPC'’s could create a
diversion that attracts the platoon into a better position for
the sniper, or even possibly attack the platoon with a goal
of killing the commander before retreating.

The need for a Director agent here is most apparent when
noticing that there is a distinct difference between
characters acting to support their inherent military goals

compared to acting in supporting the training goals. Ina
normal situation, the synthetic characters, enemy and
teammate alike, would have standard military doctrine to
fall back on. However, when the scenario begins moving
away from the desired training goals, the characters need
to be given some goals or behavior that will help bring the
scenario back to the desired condition. The Director
agent, which has the pedagogical knowledge, can ater a
group of charactersto move away from specific doctrine
and get the scenario back on track. Once this group of
characters has been given their new goals, it is up to them
to carry out these goals correctly as a group. Executing
these goal s introduces a new problem of flexible
coordination and communication in the teamwork
involved. We plan oninvestigating an approach
developed by Tambe based on the joint intentions theory,
whichis called STEAM [7]. STEAM incorporates team
synchronization, monitoring and repair abilities to enable
ateam of agentsto maintain a coherent and correct view
of the teams' goals and plans. By identifying the need for
this type of system, we hope to address the concern we
have about what a group of agents do once they are given
orders by the Director to fulfill agoal together.

3. System Design

We have designed an architecture, currently in the later
stages of construction, as afirst step in creating a
complete interactive training simulator [8]. We have
rooted our system in the Unreal Tournament 3D engine, a
commercial graphics engine that provides tools for
constructing a 3D, first-person view experience. This
provides us with an environment to design and create a
three-dimensional map, to populate it with synthetic
characters, and a communications system to use between
these characters. Aside from the environment, we also
have several other modules that make up the entire system
design, shown in Figure 1 below. There are some
components that warrant further explanation, which are
also described below.

Trainee percepts

scenario & actions .
description ¥ Fatee Trainee
Environment /% \/

Trai nee< i Director

actions & A actions

percepts LB

Director
Software side

Figure 1: The train simulator architecture.



3.1 Scenario Description

Given that we desire the Trainer to be able to specify a
training scenario as a separate module from the
environment, we need to provide a representation for
describing the scenario. We have opted towards a
representation akin to a POP-style planning language,
with aninitial state, operators with preconditions and
effects, and training goals to be fulfilled for each scenein
ascenario. POP, also known as partial-order planning,
can be seen as a specialized search process, attempting to
find a path from an initial state of the world to the goal
states using these operators.

Scenes are then linearly ordered to provide atemporal
description of how each set of goals may be achieved, as
shown in the Figure 2. We will soon begin experimenting
with our representation in order to get a better
understanding if thisis a proper representation choice for
thiskind of problem.

building and the initial positioning of the characters
involved, including the Trainee.

3.1.3 Operators

A typical operator representation in planning involves the
name of the action being performed, the preconditions for
this action to successfully begin, and the effects that this
action has on the world. For example, the operator
GoTo(x) may have a precondition of being at some
location y, wherey is not equal to x. The effects of that
operator would be not being at y and being at x. Using
these operators to construct a plan representation for each
scene, we still need a manner of sharing information
across scenes. In our system, the operators contain
variables that may belocally or globally defined. The
global definition of avariable across scenes allows us to
ensure that the content will be consistent. For example, if
the Trainer constructs a scenario that requires the platoon
member that saves the Trainee'slife earlier winds up

—

In(c2, Platoon)

[In(Trainee, Platoon) |

Attack(c2, Sniper)

Figure 2: An example of scene ordering in a scenario description. The close-up is aview of how the sceneis defined in terms of an initial
state and required events. The other elements discussed, temporal and content constraints, aswell as background knowledge, are not depicted.
They are inputted into the Director without any processing (such as inputting them into a planning system to construct a plan).

3.1.2 Initial World State

Theinitial state of the world for any training scenario will
include: the external (e.g. what items they have, where
they are, etc.) and internal (e.g. explicit knowledge, goals,
etc.) states of the synthetic characters, the initial state of
the environment, the User’ s beginning state, and the pre-
scripted scenario for the given training exercise. Whileit
would be to our advantage to build a system that we could
specify al of thisin the scenario description, at this point
in time we are focusing solely on the scenario content
being available for description, leaving the rest to other
components (such as placing knowledge directly into the
agents). That having been said, we still need to specify
exactly what the initial state of the world isfor this
example, regardless of where the knowledge originates
fromin the system. Figure 2 illustrates the layout of the

being injured later on under heavy fire, then we want to
be sure that whichever variables should represent that
soldier are al bound to the same character. Therefore, we
see the need for allowing global variables, in both the
required events aswell asin all other components, to be
shared between scenes.

3.1.4 Training Goals

The purpose of using an interactive training simulator is
to provide a means of answering the question “How do
we get the Trainee to experience the training goals?’

Take our example scenario from above. Thereisone
distinct training goal that the Trainer wishesto have
fulfilled, namely to have the Trainee engaged in combat
with a hidden enemy. The environment has been set up to
make this event a distinct possibility (as opposed to
offering the Trainee a completely empty building);



however, it is possible that the Trainee can take
unforeseen actions (e.g. they are unorthodox, against
protocol, more intelligent than the Trainer had foreseen,
etc.) which would possibly lead the Trainee to avoid
fulfilling the goals of the exercise.

We may also constrain the partial ordering of these goals
with temporal constraints. Temporal constraints on goals
indicate that certain goals must be fulfilled before others,
just as a POP-style planning language may allow. The
content constraints limit the binding of the variables that
are used in the plan. For the moment, we are not allowing
digunctive constraints for ssmplicity in the representation.
However, we will consider them further down the road as
we explore the problem further.

3.2 TheDirector

The Director is the component that takes the plot
representation as input and then observes the world,
making sure that the training goals will be fulfilled. It's
purpose is to assure that the Trainee’s experience is not
hindered by mistakes made in the world, either by him or
other charactersinvolved. If he does veer from the path
intended by the Trainer, it is up to the Director to
dynamically alter the world so that this new course will
lead to the desire goals. Asnoted in our sniper example
above, the Director has two main problems when
monitoring a scenario: recognizing when thereis a
problem and then acting on it.

3.2.1 Recognition and Action

Thus far, our effortsin recognition have focused on

mai ntaining both a physiological and mental model of the
Trainee. Weintend to use this model to give the Director
a hypothesis about what the Trainee istrying to
accomplish, aswell as amore detailed picture of their
actual physical state. It should be pointed out that we are
still working on building a system to experiment with this
design, that this paper is a description of the problem we
are tackling and the blueprints we have laid out to tackle
it with.

Recognition can be broken into two separate questions: Is
the Trainee in a disagreeable state? and isthe Trainee on
a course of action that will put himin a disagreeable
state? We define a disagreeable state to be a state of the
world that it is either very improbable or impossible for
the training goals to be fulfilled without intervention by
the Director. Understanding if the Traineeis on hisway
to being in oneisavery different problem compared to
recognizing if he already is. To approach the former
problem, we intend to apply a user model as a predictive

mechanism for Trainee behavior. The latter isaproblem
addressed in planning research.

3.2.2 User Mode

Our approach for behavior prediction takes inspiration
from avariety of sources, mostly from role-playing
adventure games (e.g. Dungeons and Dragons) and user-
modeling research done in Algebratutors[9]. If we
presume to have a good, cognitively-motivated hypothesis
of the User’s goals, his motivationsin a given scene, then
we can make a more informed decision about what should
happen next in the scenario.

A similar approach to behavior prediction can be seenin
Laird’swork on anticipation in the QuakeBot project
[10]. An agent running around in a battleground-type
computer game environment would attempt to predict it's
opponent’s actions by running an internal simulation of
what it thinks the enemy would do given its current state.
Thefirst prototype for our current project has been
designed without experimental User data; however, we
plan on creating a more rigorous model in the future.
This gives us an opportunity to have aredlistic and
plausible model for what a User is actually attempting to
do.

3.2.3 Planning

As we have mentioned above, our scenario description is
based in a POP-style planning language. Each sceneisa
partial-order plan, and the linear ordering of these scenes
represents the complete scenario. This allows usto
borrow from current planning techniquesto aid usin
recognizing possible errorsin the behavior of the trainee
and of other characters. An example of relevant work is
research done by Onder and Pollack [11]. They presented
a unified algorithm in probabilistic planning to identify
failure pointsin plans, as well to refine plans to prevent
failures. While we have yet to experiment with this or
other possible failure-recognition approaches, it is
important to recognize this problem and to search for
viable solutions.

3.2.2 Action

Once the Director desires a state S, it must then execute
some action to encourage the User to enter that state. We
have yet to design an intelligent method of generating
these actions and therefore have put this task into the
hands of the Trainer as part of the scenario description.
As mentioned before, our representation language has
obvious parallels to a planning language. We specify an
initial state, operators with preconditions and effects
(background knowledge), and goals (required events).
We specify a partial ordering of the operators and



required events with our temporal constraints. Given a
particular scene, one can imagine using a POP planning
system such as Graph-plan or SAT-plan to create a
feasible partial-order plan (or a set of plans) with our
congtructs. A resulting plan would represent the space of
possibilities for what the Trainee could do in the world
and how the world would change. Given this
representation, we can now create a relationship between
Trainee behavior and direction by annotating our plan
with directions that will encourage the various operators
to be executed.

3.3 Variability

The ideal interactive training simulator would have a
richly-defined world, with an infinite (or at least sizably
large) amount of actions available to the Trainee, just as
in the real world. No matter what actions the Trainee
executed, they would wind up reaching situations that
would fulfill the training goals. Each time that the
Trainee started the system anew, different interactions
would lead to varied experiences, though every time
encountering the types of situations that the Trainer
desires.

Putting aside possible variance due to Director actions,
our design philosophy focuses on separating interactivity
into two types of variability: temporal variability and
content variability. We define temporal variability as
allowing time to be the key variable for the flexibility in
an interactive experience. Who? What? Where? and
Why? are all static aspects of the story; the only variable
is when scenes actualy occur. Pete Weyhrauch's PhD
thesis [12] at Carnegie Méllon is a prime example of
introducing temporal variability into a first-person
dramatic experience to produce an interactive system.
We define content variability as allowing scenes to be
defined in an abstract fashion, giving flexibility into what
specifically happens in that scene. The alegiance of a
village....which of the Trainee's teammates breaks under
pressure....who aids the Trainee at the end....al of these
things are examples of abstract concepts in a scenario that
deal with content.

Note that we have decided to address the problem of
content variation before concerning ourselves with
temporal variability. Scene ordering is specified by the
Trainer and is static in this representation. In order to
make progress in either of these types of variability, we
will focus solely on one of them and leave the other as a
control variable in our experimentation.

4. Discussion

In this paper, we have presented the motivations and
design for an interactive training simulator. Building
such asystem is a sizeable task, though one that we have
aready made progress on in building our environment

and initial agent designs. What are the major issues we
will face in construction and experimentation using this
design? We will be focusing our main efforts on building
the Director agent and experimenting with different
approaches to the manner in which is recognizes problems
and then addresses them. Given the large size of such a
system, we will be narrowing our current research to
addressing specific questions and problems that will
benefit not only the construction of this system, but in the
design of future interactive systems as well.

Approaching user modeling will be the most daunting task
in the construction of the Director. Experimenting with
severa different approaches, such as a rule-based method
as mentioned earlier or perhaps a Bayesian approach [13],
will be necessary to validate our choice as well as to
examine the effectiveness of using such amodel. Itisour
hypothesis that trainee prediction will improve the
effectiveness of the Director and thus the experience of
the trainee. However, we cannot be certain of this
without first building several models, integrating them
into the Director's decison processes, and then
conducting experiments to understand what the best
approach is out of our choices and why.

Along with the cognitive modeling of the Trainee, we are
also considering modeling the Trainee's physiological
state. By monitoring something as simple as heart rate
and giving that as another input to the Director, we could
possibly even further tailor the scenario to the Trainee at
any given time. For instance, if we wanted a training goal
to be that the trainee must experience something
surprising when they are calm, the Director could monitor
when the trainee’s heart rate, find when it has reached an
acceptable low level, and then create a platoon of enemies
hidden nearby for a surprise attack. While we have yet to
delve into this possibility further, it may be a very useful
cousin to a User model in providing the Director with a
rich hypothesis of the Trainee's current state.

It isunclear what kinds of content variability are possible,
both for our system and in general. Given the nature of
our representation, we can be assured that the “Who?’
part of a scene may be variable for instance, as we've
shown in our examples. What about deeper features of
the plot though? Is this representation sufficient enough
to model variability in complex relationships between
characters? in complicated sequences of actions? Or are
these aspects of the scenario perhaps too complicated to
alow much flexibility? We believe that once we have
built a functional, working system, we will be able to
vigorously experiment with both our representation and
our approach to direction without compromising our
architectural design.

What types of Director actions should be possible? Up
until this point, we have mainly focused on Director
actions changing some aspect of the states of a given



synthetic character. Our main focus thus far in our
design has been altering the synthetic characters goal
states and knowledge base. By alowing the Director to
alter the internal states of the synthetic characters, we give
the Director an indirect yet powerful tool for altering the
state of the world. However, one can aso imagine a
situation where an auditory or visua cue in the
environment may yield the desired effect of encouraging
or discouraging the User to enter a particular state.

What types of experimentation should we conduct?
Simply put, how do we in fact know when we're done?
What makes an interactive simulator more successful than
other approaches to training simulation? than other
iterations of the same approach? To fulfill our artistic
goals, we can only assume that user enjoyment has to play
a key part in assessment of the overall success of the
project. The variables we may consider in experimenting
are the many possible technical alterations we can make
to the system’'s design: how much autonomy is given to
the characters, how the scenario description language is
specified, what kind of direction the Director could enact,
etc. After constructing a fully-functional prototype, we
will be approaching these issues and evaluating how they
affect User enjoyment, as well as system load,
communication bandwidth between agents, and other
technical concerns. Designing a methodology for user
testing will be an important step in showing that a system
that fits our definition of an interactive dramais actually a
“successful” example of one.

How do directable, intelligent characters fit into this
framework?  Given that there are intelligent agents
running around the environment, each with their own
beliefs, goals, and knowledge, what sort of information
needs to be communicated between the agents and the
Director? How does this affect the kinds of direction the
Director is capable of? How do they believably switch to
a new goa when given one by the Director? These
questions will be approached as both our research on
direction as well as Assanie’s work on directable agents
progresses [14].
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