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Abstract. Simulators and games provide contextually rich environ-
ments, enabling learners to experience the relations between actions,
events and outcomes. In order to be effective, learning situations need to
be tailored to the needs of the individual learner. Virtual characters (or
agents) that, in real time , select, adapt, and exhibit the behavior that is
exactly right for that learner, help to establish such fit-for-purpose train-
ing. This paper discusses principles for designing training with adaptive
agents, and presents a framework for their autonomous and dynamic
operation. A prerequisite for agents’ adaptation of behavior to be suc-
cessful is that adjustments do not violate the consistency and believabil-
ity of the character, and maintains the overall narrative of the scenario.
For reasons of management and coordination, it is proposed not to assign
control over adaptations to virtual character-agents themselves, but to a
dedicated director agent. This director agent is not a virtual character in
the gameplay, but operates in the background. It collects and manages
information, makes decisions about adaptations and issues behavioral
instructions to the virtual characters agents. The framework was used
in a pilot study, employing a human facilitator that simulated a director
agent, arranging the adaptive behavior of virtual characters in a game-
based training of military tactical decision making. Effects of adaptive
and non-adaptive agents in a training were compared. Adaptive agents
had a positive influence on learning and performance, and an increased
engagement and appreciation by learners. Additional research with more
participants is needed to verify these preliminary findings.

Keywords: Adaptive instructional systems · Training · Learning ·
Learner modeling · Personalized learning · Director agent · Intelligent
agents · Adaptive agent behavior · Cognitive behavior · Simulation ·
Serious games

1 Introduction

Simulators and games are often used for learning decision making in com-
plex environments [50]. A simulation enables trainees to experience the causal
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relations between events, actions and outcomes in the simulated environment.
It thus gives access to hands-on learning by doing [40,41]. However, it has been
shown that goal-directed, systematic training is more effective than learning-
by-doing only [26]. One way to make simulation-based learning purposive and
goal-directed, is to carefully manage the behavior of the virtual characters [2].
This paper discusses the requirements for successful control of virtual charac-
ters (hereafter: agents), and suggests a framework for adaptive agent behav-
ior (Sect. 2). Furthermore, this paper reports on a pilot-study investigating the
hypothesis that adapting agent behavior, according to the a set of principles
designed to facilitate learning, results in better learning and in a higher engage-
ment of the learner (Sect. 3). The pilot-study used a game-based training in
conducting a military tactical operation, with the goal to train situation aware-
ness and decision making in unpredictable, unstable, and complex conditions
[51].

To accomplish an effective training, the intelligent agents that govern the
behavior of the virtual characters in the simulation or game, should meet the
following demands:

1. Respond to situations with a sufficient level of realism, thus enabling a learner
to develop the mental representations needed to perform the task adequately
in the real world [18].

2. Exhibit the behavior that brings about a learning situation in the simulation
that fits the needs of the specific learner. This requirement is often referred
to as ‘attunement’, or ‘zone of proximal development’ [33].

1.1 Determining Agent Behavior that Supports Learning

A training simulation in which the virtual characters demonstrate behavior that
is sufficiently realistic and believable for a trainee to achieve the learning goals
has ‘functional validity’ [38]. This does not necessarily imply high fidelity agent
behavior [18]. In fact, there is evidence that high-fidelity simulations can some-
times affect transfer of learned material negatively [14,39]. A realistic represen-
tation of a character’s behavior implies that all complexity and subtleties are
included, which may be detrimental for learners as it may overwhelm of overstim-
ulate a novice trainee [25,27]. Thus, when defining and designing the (behavior
of) virtual agents it is important that the focus lies on maximizing effective-
ness of the simulation instead of achieving realism on all aspects. It is therefore
important that the behaviors of agents are believable (i.e., human-like), respon-
sive (i.e., responding to user and environment), and interpretable (i.e., user must
understand the underlying motivation).

1.2 Adapting Agent Behavior to Fit a Learner’s Needs

In a training simulation it is important that the virtual characters (1) behave
believable, and (2) that their behavior brings about a situation that fits the
competency level and learning needs of the trainee [16]. These demands may be
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compatible, but sometimes the objective of learning requires concessions regard-
ing the realism of the simulation [49]. Consider the following example: a tactical
military game is used to teach a platoon commander how to behave in the
company of the village chief (simulated by a role-playing agent). The comman-
der’s objective is to address the village chief with the goal to obtain intelligence
information. If the commander has a weapon at the ready while approaching
the village chief, this behavior is considered incorrect given the learning goal:
‘treat village chief respectfully’. Although military experts consider it plausible
and realistic that a village chief remains utterly unmoved to what underneath is
deemed disrespectful behavior, such behavior of the village chief agent would not
bring about a learning situation that fits the needs of the trainee. If in contrast,
the village chief would shrink back and say something like: “I thought we were
on good terms, so why would you treat me like this?”, then this would perhaps
be less realistic, but it would improve the learning value of the exercise for the
trainee (see Fig. 1). Such adaptation of agent behavior, for the sake of achieving
learning objectives, is called ‘fit-for-purpose adaptation’.

Fig. 1. Example of fit-for-purpose behavior adaptation of agent in training.

1.3 Principles for Adapting Agent Behavior

In order for a training system to be adaptive to individual learners, the system
has to have access to three types of models: a task performance model, a learner
model, and an instruction model [23].

Firstly, for an agent to be accepted as a believable character in a military
game, the agent should behave in a manner that is consistent with doctrine (rele-
vant and tactically plausible), taking into the account the context and conditions
of the world in which the agent is situated. Furthermore, the agent’s behavior
should also demonstrate the influence of the characteristics of the real-life char-
acter that it is supposed to represent. Such characteristics may, for example, be:
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an experienced or an inexperienced person; a fit or a fatigued person; an aggres-
sive or a submissive person; and so on. This is defined in a task performance
model of the agent.

Secondly, to be able to tune a training to the specific needs of an individual
learner, an adaptive instructional agent has to know the learner [1,46,47], at
least with respect to its characteristics relevant for learning. This is defined in
the learner model and includes, for example, the learner’s competency level and
learning progress, and may additionally include other personal characteristics
like motivation, self-efficacy, and engagement [8,12,36].

Thirdly, the adaptive agents should be controlled by a set of principles to
select the behavior that brings about learning situations that are instructionally
meaningful and effective [2] (see the village chief example in 1.3). This is defined
in the instruction model.

The models of task performance, of the learner, and of instruction are all
required for an adaptive training simulation system. These models do not nec-
essarily have to reside within the agents controlling the virtual character; they
may also be managed by other agents in the training system that distribute
information and actions to connected agents [16].

The literature provides ample recommendations and algorithms for shaping
scenarios to promote learning [2,5,6,43,44,50]. Which interventions are appro-
priate to foster learning are to a large extent dependent on the nature of the
task to be learned. Military tactical command can be characterized as achiev-
ing situation awareness and making decisions under uncertainty. Learning to
interpret a tactical situation requires the recognition and judgement of relevant
factors (e.g.., weather, terrain, behavior of others, et cetera). Experts comman-
ders have stored their interrelated and contextualized knowledge as mental tacti-
cal schemas [42]. Novices, however, do not (yet) have elaborated mental tactical
schemas. If we want novices to become experts, training tactical command there-
fore needs to address: (a) expansion and refinement of tactical mental schemas,
and (b) practice in solving complex and unfamiliar tactical problems (in order
to develop new schemas) [4].

Detecting, recognizing, and interpreting situational cues is relevant for learn-
ing military tactics, because situations are continuous and variable, and not
all experiences are informative for future decision making situations. Learning
therefore resides in the activation (e.g.., frequency and recency) of experienced
outcomes [17]. The main principle of an adaptive instructional agent should
therefore be to adopt the behavior that supports the learner in detecting, rec-
ognizing, and interpreting the situational cues of interest.

2 Dynamic Adaptation of Agent Behavior in Simulation
Based Training

Simulations and games offer better opportunities to exert control over training
than real-life training environments do. For example, scenarios can easily be
reused, improved and adapted for different situations and learners. The behavior
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of all actors in the scenario can be controlled and the behavior of the learner can
be elaboratively measured. Adaptive agents may be used to support personalized
fit-for-purpose training, but a framework is needed for their autonomous and
dynamic operation.

2.1 Demands for an Adaptive Agent Framework

Peeters [33] has defined the demands for an automatically directed scenario-
based training system. This can also be used to determine the requirements for
adaptations of agent behavior.

First, the adaptation of agent behavior should be consistent with the train-
ing scenario, that has been purposely designed to enable the learner to achieve
specific learning objectives. The default behavior of the virtual characters are
explicitly part of the scenario. Adaptations in the agents’ behavior should not
disrupt the scenario’s goal.

Secondly, any adaptations in agent behavior should be consistent with the
character that the agent represents. If adaptations that are intended to enforce
the desired behavior by the trainee result in agent behavior that is unnatural for
the virtual character, they should nevertheless be omitted. Agent-adaptations
that cause unnatural behavior to become part of the learner’s mental represen-
tation would do more damage than good.

Thirdly, the adaptation should be fit for purpose, i.e., tuned to the specific
needs of the individual learner. Learners may differ from one another in many
ways, like for example, intelligence level, personality, preferred learning strategy,
prior knowledge and experience, and pace of progress during learning. Adapta-
tions should therefore be based upon a model of the specific learner [1] that is
dynamically updated as learning progresses. Only then can the adaptations be
selected that fit the learner in question, bringing about a situation that supports
the learner to attain a goal or to engage in a task that otherwise may be out of
reach [33,48].

Fourthly, adaptation of agent behavior should support or maintain the sen-
sation of ‘flow ’ in the learner. Flow refers to a situation where learners are so
engaged in the learning activity that they have a reduced sense of time and
self-consciousness, and feel intrinsically motivated to engage in a complex goal-
directed activity, simply for the exhilaration of doing [9]. There is evidence that
flow brings about better performance and higher self-efficacy [20].

Fifthly, adaptations to agent behavior need to be applied in a controllable
fashion, to safeguard the integrity of the overall scenario. One approach is to
assign decisions about adaptations to the agent itself. This has the advantage
that the adaptations are in correspondence with the agent’s knowledge and char-
acter, and is therefore likely to show behavior that is believable in the perception
of the learner. The disadvantage is that the agent’s decision about adaptations
may be in conflict with the narrative structure of the scenario. Another app-
roach is to instead assign the decision making in the scenario, enforcing only
those adaptations that support the plot. The disadvantage is that such adapta-
tions may violate the consistency and believability of the agent. The challenge
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of control is therefore to ensure the agents’ freedom of action while maintaining
a purposeful and coherent training scenario [3,29].

2.2 Framework for Adaptive Agent Behavior

A proposed solution for the control problem is to include a supervising director
agent in the training framework [34] that manages the scenario, and that -when
considered necessary- initiates behavior adaptations that have instructional value
to the learner, and are consistent with the nature of the NPC-agent1 in the
context of the scenario.

Figure 2 shows a framework for adaptive agent behavior in simulation-based
training that is able to accommodate the demands described above.

Fig. 2. Framework for dynamic adaptation of NPC-agent behavior to achieve fit-for-
purpose simulation-based training.

1 Non-Playing Character, a virtual character in a simulation not controlled by a player.
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First, the task to be learned has to be analyzed in the context of its domain
(the task analysis), revealing the constituent (sub-)tasks, domain knowledge, the
players involved, and so on (see upper part of Fig. 2). This information is used
for the training analysis, identifying the set of knowledge and skills needed to be
able to carry out the tasks (skill requirements). It is also assessed what skills are
already mastered by the learners, and what skills need to be developed, resulting
in the learning objectives of the training. Furthermore, results of task analysis
and the learning objectives are used to define the task-behavior models for the
NPCs [13].

The director agent executes the adopted principles of learning. For military
tactical decision making this may be as described in Sect. 1.3. The director agent
controls the course and content of the default simulation-based training program
(like the scenario, the events and the predefined roles and behavior of the NPCs).

Learners may not all respond in the same manner to a training program. For
example, some may find the exercise in the scenario difficult, others may find
it easy. Some may be engaged, others may find it boring. Some may achieve a
learning objective quickly; others may fail even after multiple attempts. Infor-
mation about the process and results of learning are measured and processed,
and fed back to the director agent. The director agent monitors the scenario and
the performance of the learner, dynamically updates the learner model and uses
this model to determine whether the current state of the scenario is still a fit-
for-learning environment for this learner, or whether fit-for-purpose adaptations
are needed. This may involve instructions to an NPC to adapt its behavior.

A learner model is an important component of adaptive learning systems [45].
Their function is to provide the data for individualizing content and curriculum
sequencing. Depending on the domain, needs for information about the learner
and its learning can vary. For many domains, competence level is important, just
as the learner’s motivation to master the task [31,37]. For specific applications,
the learner’s physical and mental fitness may also be of interest to decide what
learning situation to present [24]. Other interesting factors are the learner’s pref-
erence for a learning strategy, the learner history and learning progress of the
learner.

3 A Pilot Study

This study addresses the question whether personalized adjustments in the
behavior of agents leads to a training with better learning results and a bet-
ter training experience, compared with a training using non-adaptive agents.
There is evidence that personal characteristics, such as e.g.., motivation and
self-efficacy, affect learning and performance [31,37]. Therefore, measures of per-
sonal characteristics were included in this study. An additional purpose of this
pilot study is to test the experimental setup, the design, and whether the desired
changes in the behavior of the agents can be implemented properly and in time
in the scenario. It is also investigated whether the adopted measurements for
assessing effects on learning and learning experiences are suitable for use in a
larger follow-up study.
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The following research questions were formulated:

1. Do personalized adjustments in the behavior of agents lead to a better learn-
ing result?

2. Do personalized adjustments in the behavior of agents lead to better training
experiences by learners?

3. Do the personal characteristics of motivation and self-efficacy influence the
effects of adaptive training on learning and performance?

3.1 Methods

Participants: Six participants were recruited (4 male, 2 female). All were aca-
demic students, with their age ranging from 23 to 37 years old. Participants var-
ied in their game-playing experience, from very little to a lot. Four participants
indicated to have experience with playing military games.

Design: The independent variable ‘adaptivity’ had two levels (adaptive versus
standardized agent behavior), and was manipulated between subjects. Partic-
ipants in the experimental condition received a training scenario with agents
acting adaptively to the learning needs. In contrast, participants in the con-
trol condition received a training scenario with agents acting in a standardized
fashion, irrespective of the participant’s learning needs. On a subsequent test
scenario, all participants of both groups played the scenario with agents acting
in a standardized fashion. Participants were randomly assigned to one of the two
groups.

In the control condition, the agents behaved in a pre-specified and standard-
ized fashion that was plausible given the situation in the scenario. Agents were
designed to provide, through their behavior, the trainee with implicit cues and
feedback about the consequences of his/her decisions and behavior [28].

In the experimental condition, the behavior of the trainee was continuously
evaluated in real-time. If it matched the behavior of a particular learning objec-
tive, then the agent behaved as pre-specified. If it did not match, the participant
apparently failed to achieve the learning objective, and then a predefined adap-
tation was applied to the agent’s behavior. The purpose of the adaptation is
to make the agent provide additional explicit or implicit cues, instructions and
feedback to the participant in order to support understanding what behavior is
appropriate for that specific situation.

Experimental Setting: The experiment took place in room with a large table
(see Fig. 3). The game play was recorded.

The experiment employs a ‘Wizard of Oz’ technique [10], which means that
the experiment leader (the ‘wizard’) simulates and controls the behavior of a
director agent. This technique makes it possible to administer intelligent adap-
tations to agent behavior, without the need of actually implementing a model
that can do the same autonomously. Note that the wizard strictly complied with
the predefined decision rules of the director agent.
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Fig. 3. Experimental setting.

Materials - Scenarios, Scenes and Events: Participants played a train-
ing and a test scenario with the game Virtual Battle Space 3 (VBS3)2. The
participant played the role of platoon commander. The task to be learned was
commanding the platoon on a social patrol mission in a small village, situated in
an “Afghanistan”-like environment. This scenario was developed for the training
of tactical officers of the Netherlands Army and was reused for the present study.
The participant receives a briefing of the current situation before the start of the
scenario, stating that armed enemy units have been seen in the area and that
the task of the participant is to gather more information about the situation.

The specific goal of the platoon is to go to the marketplace of the village
and try to get information from the village chief about a possible enemy threat.
Pre-specified events ensure that the situation escalates and eventually a combat
situation arises. Each scenario consists of the following scenes: 1) Start of the
mission; 2) Approaching the market; 3) On the market; 4) Market crowd is
leaving; 5) First time under fire; 6) Second time under fire; 7) Team member is
hit; 8) Withdrawal from the mission area. Each scene consist of several events
(for example: in scene 4, ‘on the market’, the village chief appears). An event
provides the trainee with the opportunity to achieve a learning objective.

Applying Adaptations: An evaluator was tasked to evaluate in real-time
whether or not the participant’s behavior matched the requirements of the learn-
ing objective at hand. If the evaluator observed that the participant made an
error, then this was passed on to the experiment leader (see Fig. 3) who subse-
quently initiated an adaptation in the behavior of the agent(s). Table 1 shows
examples of learning objectives, potential errors, and associated adaptations.
Note that adaptations were only given during the training scenario of partici-
pants in the experimental condition.
2 https://bisimulations.com/products/vbs3.

https://bisimulations.com/products/vbs3
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Table 1. Examples of learning objectives, potential errors, and adaptations.

General learning objective Potential error Adaptation

Ensuring constant view on
all sectors during the
mission

Not having a 360◦ view
when approaching the
market

[An armed NPC runs
behind the platoon.] A
soldier says: “Behind us!
An armed man!”

Addressing the village
chief in an open, kind and
polite manner

Keeping the rifle at the
ready when addressing the
village chief

Village chief says: “I
thought we were on good
terms, so why do you treat
me like this?”

Measures: Both the training and the test scenario consisted of 31 learning
objectives, each evaluated by the experimenter as either achieved (1), or not
achieved (0). Learning objectives belonged to one of the following competences:
planning; situational awareness; decision making; and command and control.
The average of the associated learning objectives was taken as the participant’s
competency score.

In addition to these performance measures, the Motivated Strategies for
Learning Questionnaire (MSLQ) [35] was administered to measure the confi-
dence of participants to be able to learn the task (self-efficacy for learning and
performance), and whether participants think that their efforts will lead to learn-
ing performance (control of learning beliefs).

Three more questionnaires were administered at the posttest: the scale ‘inter-
est and enjoyment’ of the Intrinsic Motivation Inventory (IMI) [11] was used to
measure the motivation of the participant. The participant’s appreciation of the
game as an environment to learn from was measured by using the scale ‘game
worlds’ of the Game-based learning Evaluation Model (GEM) questionnaire [32],
and the value/usefulness subscale of the IMI. Finally, the Immersion question-
naire [22] was used to measure how immersed the participant felt in the game.

Procedure: The participants took part in the experiment one by one. After a
short briefing, and filling out questionnaires, a practice phase started. This was to
familiarize the participant with the controls of VBS3, and to learn how to interact
with NPCs (by speaking aloud). For this practice, an entirely different setting
was used (a western suburban neighborhood) than during the training. In order
to make NPCs respond in a plausible fashion, a large series of possible phrases
were audio-recorded prior to the experiment. When the participant addressed an
NPC, or when the scene demanded a verbal action of an NPC, the experiment
leader selected an appropriate phrase and played that back. If no suitable pre-
recorded response was available, then the experiment leader himself responded,
on behalf of the NPC, through speech.

After completing the practice with the game environment, the controls, and
the interaction with NPCs, the training scenario was started. After completion,
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a short break of 5 min was given. Then the participants played the scenario for
a second time. After this, post-test questionnaires were administered.

3.2 Results

This pilot-study involved no more than six participants. Therefore, effects of
personalized adjustments in the behavior of agents can only be explored, not
tested. For this reason, results will be reported only on a descriptive level, with-
out performing statistical analyses.

Table 2 shows results of the confidence that participants have in learning the
task successfully (self-efficacy), and whether participants think that their efforts
will lead to learning performance (control of learning beliefs). These variables
correlated .73.

Table 2. Judgments of participants (means, s.d. in parentheses) whether their efforts
will lead to successful learning (control of learning beliefs), and their confidence in
learning learn the task (self-efficacy for learning), split by experimental group.

Non-adapative Adaptive Total

Control of learning 5.7 (1.0) 5.3 (0.9) 5.5 (0.9)

Self-efficacy 4.0 (1.4) 4.8 (1.1) 4.4 (1.2)

With respect to participants’ prior gameplay experience: the two groups had
similar experience with playing computer games: a mean of 3 (sd = 1.7) on a
5-points-scale for the non-adaptive agent training group, versus 3.3 (sd = .6) for
the adaptive agent training group.

Performance on Training and Test Scenario: Performance was assessed by
using competency scores. A participant’s competency score was calculated as the
mean of the scores on the learning objectives belonging to that competency. A
score for learning objective could either be 1 for achieved; or 0 for not-achieved.
Hence, a competency score has a range of 0 (none of the comprising learning
objectives achieved) to 1 (all comprising learning objectives achieved).

Training: Figure 4 shows the competency scores. Both groups performed no
planning whatsoever during the training scenario. Participants failed to settle
task assignments, made no commands concerning communication policies, and
did not develop action plans (e.g.., contingency plans). This is perhaps due to
the unfamiliarity with the game and the assignment. With respect to the other
three competencies, it can be seen that the participants of the adaptive-agents
training group (orange bars) performed substantially better than participants in
the non-adaptive training agents group (blue bars). This is most likely caused by
the adaptive behavior of the agents. When the experimenter-evaluator observed
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Fig. 4. Mean competency scores on the training, split by group. (Color figure online)

that a participant of the adaptive-agents training group did not exhibit the
behavior required achieving the learning objective, then the experiment-leader
initiated an appropriate agent to act in such a fashion that it supported the
learner to reflect upon his behavior, and also to recognize that the nature of the
situation demands a different response than the one just given (see Table 1). This
adaptation of agents has likely cued the participant to be alert in similar kind of
situations further on in the scenario, and may also have promoted the participant
to be more reflective in general. Participants of the non-adaptive-agents training
group received no such clear cues, and therefore had less opportunity to improve
during the scenario.

Test: Figure 5 shows the competency scores.

Fig. 5. Mean competency scores on the test, split by group.
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Both groups performed better on the test scenario than during the training
scenario. They apparently learned that planning and sharing plans is required
to perform the mission adequately: they assigned tasks to their team mem-
bers more often and some participants distributed policies for team-internal and
team-external communication. Note that for both groups, agents in the test sce-
nario did not act adaptively. So they were both presented with exactly the same
scenario. Nevertheless, the adaptive agents training group performed substan-
tially better (overall approximately 90%) than the non-adaptive agents training
group. This indicates that the instructional effects of the adaptive agents during
the training exercise continued to affect positively the performance on the test
scenario. Participants of the non-adaptive agents training group also improved
their performance, but did not nearly approached the level of the adaptive agents
training group.

Relationship Between Participants’ Beliefs and Performance: It was
investigated whether the participants’ performance on the test scenario was
related to their beliefs about the results of their learning efforts (control of learn-
ing) and of their estimated ability to learn the task (self-efficacy). Kendall’s tau
correlations were calculated between the measures Control of Learning and Self-
efficacy with the four competency scores obtained on the posttest. See Table 3
for results. The correlations are low to moderate, indicating that their beliefs on
being able to learn and perform the task have little influence on the outcomes
measures.

Table 3. Correlations between participants’ self-assessments and performance on com-
petency scores at the test scenario.

Planning Situation awareness Decision making Command & control

Control of learning 0.22 0.14 0.33 0.20

Self-efficacy 0.36 0.14 0.60 0.47

Reliability of Performance Evaluation: The experimenter-evaluator
assessed, while the participant was playing the scenario, whether the partici-
pant’s behavior either matched, or did not match, the criteria of the current
learning objective. All game-play was video-recorded, including all audio from
the participant, the agent, and the experiment leader. This enabled a second
assessment, afterwards, by a second evaluator. This evaluator was instructed
with the performance evaluation protocol. Assessments of both evaluators were
used to calculate the interrater reliability. Evaluators were on 239 of the 328
assements in agremeent; on 79 they scored differently.

The calculated measure of agreement (Kappa) is .5. This is generally con-
sidered a weak level of agreement [30]. One likely reason for this result is the
low number of participants. Another reason is that in a realistic simulation of
a complex real-life task, such as military command in this case, it is difficult
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to unequivocally determine whether the observed behavior matches, or does not
match a criterion. For example, one learning objectives was ‘to maintain a 360-
view when approaching the market place’. It can be hard to assess from observing
the participant, or from viewing the gameplay, whether or not this objective has
been achieved. Furthermore, the evaluation protocol marked at what point in the
scenario the desired behavior was to be expected. During a post-scoring discus-
sion, it turned out that if the participant exhibited the desired behavior earlier,
or (slightly) later than in the expected timeframe, this was not considered iden-
tically between evaluators. Finally, the level of detail in the information differed
between evaluators. The first evaluator could, in addition to the gameplay, also
observe the participant in action, thereby having access to subtle, but potentially
informative behavioral cues. The second evaluator only saw the recorded game-
play, in combination with the audio-recorded communication. This difference
may have had a negative influence on the interrater reliability. For future stud-
ies, it is recommended to define a very thorough evaluation protocol, and to have
a second evaluator present while the training and test are being administered.

Immersion and Evaluation of Learning Environment: Do adaptive agents
in the game environment invoke a higher level of immersion and engagement in
the learners compared with non-adaptive agents? Figure 6 shows the results of
the posttest measures.

Fig. 6. Results of posttest measures in means and sd’s, split by group.

After playing both scenarios, the two groups were comparable with respect to
their self-assessed intrinsic motivation. Participants that trained with the adap-
tive agents considered the game and scenarios considerably better as a suitable
learning environment than participants that trained with non-adaptive agents.
This result was obtained with the GEM as well with the IMI. Finally, participants
of the adaptive agents training group reported to be slightly more immersed than
participants of the other group.
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3.3 Discussion of Pilot Study

This pilot study investigated whether personalized adjustments in the behavior
of agents leads to a training with better learning results and a better training
experience. First, it should be noted that only a few participants were tested.
Thus, results need to be taken as preliminary and with reservation.

One objective of the present pilot-study was to test the experimental setup.
Overall, this worked as hoped for. But administering the scenarios, evaluating
the participant’s behavior in real time, and selecting the appropriate adaptations
for the agents was quite taxing for the experiment leader and evaluator.

It is encouraging that the applied adaptations in the behavior of agents, with
the intention to make the exercise more fit for purpose for the learner, resulted in
better competency scores. This was found not only for the training scenario, but
also on the test scenario. This suggests that what was learned, was carried over to
an exercise in which no fit-for-purpose behavior of agents was provided. Another
positive outcome was that the adaptations seemed to have brought about a
more interesting and useful learning environment, according to the participants.
Furthermore, adaptation may also have caused a more immersive experience,
although the differences are relatively small.

In contrast to the literature [31,37], the personal characteristics of the learn-
ers of our study, in particular their motivation, control of learning behavior, and
self-efficacy, correlated low with learning and performance. This may have to do
with the low number of participants.

The scenario for this study was developed according to the principles of event-
based approach to training [15], with the learning objectives explicitly coupled
onto events in the scenario, and with defining descriptive measures for how to
evaluate the participants’ behavior as either achieving or failing the learning
objective. It was therefore disappointing to find that, regarding the performance
evaluations, the agreement between the experiment-evaluator and a post-hoc
evaluator was rather low. This may partly have to do with differences in the
information available to both evaluators, but it also points out that the protocol
for evaluating performance needs to be defined in even more verifiable terms.

Gaming experience was found to significantly influence the nature of the
gameplay. Participants that had few or no gaming experience experienced more
difficulty with learning the controls and how to use them appropriately. Par-
ticipants with experience in military games used the controls fluently, but they
appeared to pay little attention to the mission instructions, nor to the cues that
became available through NPCs. In future studies, we aim to recruit participants
with moderate gaming experience (preferably not with first-shooter games), and
with elementary military background knowledge.

4 Discussion

This paper addressed the issue of rendering fit-for-purpose simulations by adapt-
ing the behavior of virtual characters in real time, in such a fashion that the
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emerging situation is tuned to the learner’s needs. Requirements for agent con-
trol have been formulated, and a framework for dynamic adaptation of agent
behavior has been proposed. A pilot study reveals encouraging outcomes, sug-
gesting that behavior adaptations bring about better learning, and perhaps also
a higher engagement in the learner.

To collect more evidence, a proposal for a follow-up study has been submitted
to administer the experiment to a new and larger group of participants. Lessons
learned will be taken into account. To obtain a more homogeneous sample, par-
ticipants will be recruited from young soldiers that are in the final stage of the
preparatory military training. It is expected that they have a military mindset
in common, but do not yet have experience in tactical operations. That study
will again employ a wizard-of-oz that simulates a director agent.

For practical applications of the framework, the principles and algorithms
need to be implemented in a computational version of a director agent. This
will bring along challenges on many fields. One lies in achieving a functional
and coordinated cooperation between a director agent and NPCs to effectively
support learning. In our adaptive agent framework (see Sect. 2), we propose to
assign domain-specific functions to NPC-agents, and instructional functions to
a director agent. For example, NPC-agents need behavior models that enable
them to behave in an appropriate and believable manner. Furthermore, these
models should allow NPC-agents to exhibit the behavior that is appropriate for
a specific exercise (e.g.., performing as a novice), or that satisfies the call of
the director agent for adaptation. And the models should also enable the agent
to construct explanations that inform the learner about its behavior, with the
aim to support a better understanding of the interaction between them [19]. In
our framework, it is not the NPC-agents who take decisions about whether and
when to exhibit what behavior; these are taken by a director agent. Similarly,
decisions about whether and when to provide what explanation can best be give,
are made by a director agent rather than by the NPC-agent itself.

Another challenge for the present case is the open-ended nature of military
tactical command, making it hard to interpret the intent of learner’s actions.
The challenge of modeling adequately the learners’ domain knowledge, cognitive
skills, and interests [1,7,21] will be crucial for a director agent to successfully
achieve fit-for-purpose adaptive training.
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