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Abstract

The present paper outlines an approach to representing cognitive,
cultural, and physiological variability in the computational
representation an individual U.S. peacekeeper as he interacts with
an unexpected target (two young Iraqi girls) in an ambiguous
situation while faced with a high-consequence decision that will
greatly impact subsequent events. This project sought to
demonstrate steps toward a realistic computational representation
of the variability encountered in individual human behavior.
Realism, as conceptualized in this project, required that the human
representation address the underlying psychological, cultural,
physiological, and environmental stressors. A software model of a
peacekeeping scenario adapted from a Desert Storm incident was
developed in which the framework consisted of a computational
instantiation of Recognition Primed Decision Making in the
context of a Naturalistic Decision Making model (Klein, 1997).
Recognition Primed Decision Making was augmented with an
underlying foundation based on an understanding of human
neurophysiology and it’s relationship to human cognitive
processes. The goal was to provide initial steps toward a
computational representation of human variability in cultural,
cognitive, and physiological (arousal, emotions, etc.) state 
order to attain a better understanding of the full depth of human
decision-making processes in the context of ambiguity, novelty,
and heightened arousal.

Introduction

Although progress has been made in the computational
representation of basic cognitive processes (Pew and
Mayor, 1998), computer generated actors may not represent
human behaviors ranging from consistency to
unpredictability. A common problem that plagues the
design of computer generated forces (CGFs) and computer
generated actors (CGAs) for virtual or "synthetic" battle
spaces used in training and assessment is the difficulty in
computationally representing realistic and appropriate
behaviors that reflect the full depth of human-like
capabilities (Banks, Stytz, Hutson, & Silver, 1998). For
instance, simulation used for assessment of high
consequence applications (e.g. security, tactical
effectiveness, operator response, etc.) requires confidence

that CGAs are exhibiting behaviors consistent with those
exhibited by humans under similar conditions.
Additionally, in training military, peacekeepers, law
enforcement, and WMD (weapons of mass destruction)
first responders for encountering ambiguous and human
interaction-rich environments, CGAs should exhibit the
variability of differing populations, cultures, individuals, or
personalities. In other words, CGAs must reflect a level of
unpredictability, not randomness, which is perceived to be
both believable and valid by the human end user.

In this paper, I describe how researchers at Sandia
National Laboratories developed a model of the cultural,
cognitive, and physiological variability operating in an
individual soldier as he interacts with an unexpected target
(two young Iraqi girls in this scenario) in an ambiguous
situation while faced with a high-consequence decision. In
effect, we sought to model a single decision point in order
to illustrate the complexity of human decision-making at
any given time, in any given situation, under any number of
conditions. In particular it was my goal to bring to the
forefront the importance of incorporating an individual’s
worldview, or culture, in decision-making models and
simulations. Two elements drove this decision. First, I
wanted to know what hidden socio-cultural factors
influence a decision to capture or pardon a civilian.
Second, I sought to incorporate the influence of more
qualitative factors on decision behavior (i.e., arousal, world
view, emotions, etc.) in the context of the underlying socio-
cultural factors operating when one is faced with a
decision to harm or pardon another human being.

Rationale for Choosing a Peacekeeping
Application

A Peacekeeping scenario was adapted from a Desert Storm
situation because [1] it represented a situation that was
drawn from the "fog of war" reality faced by war fighters
and peacekeepers (Schmitt and Klein, 1996), and [2] the
scenario represented a highly ambiguous situation in which
there was no universally correct or incorrect decision. In
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fact, it was surmised that one’s propensity to pardon
another human being in an ambiguous situation would
depend on a host of factors including by not limited to
one’s training, military doctrine, empathy, individual
psychology, physiological state, emotional state, perception
of the environment, and socio-cultural values. While not
easily conducive to experimental assessment or empirical
validation, a peacekeeping problem clearly satisfies the
objectives of presenting an interesting array of
interdependent factors that could potentially shape a life or
death decision-making process. According to Schmitt &
Klein (1996), it is critical to understand the factors that
contribute to uncertainty in decision-making because
"uncertainty is a more fundamental, pervasive and
dominant problem than is commonly recognized.
Understanding it and learning how to deal with it are
prerequisites to successful leadership." It is my hope that
this project contributes to understanding the effects of
physiological and emotional stressors on the individual
peacekeeper as s/he is faced with a difficult, new decision
that throws training doctrine into question and hence draws
significantly upon one’s cultural values and perceptions of
the degree of threat ass ociated with the "target."

Decision Models Used in Peacekeeping
Cognitive Framework

Naturalistic Decision Making is a term that refers to
decisions made in everyday circumstances, either on the
job or in personal life. Naturalistic Decision-Making
research is particularly relevant in military contexts
because it focuses on diagnostic decision-making, or
situation assessment (Zsambok, Beach, & Klein; 1992). 
Naturalistic Decision-Making, individuals mentally
simulate whether options will work in a particular scenario,
and may shift goals given time constraints or previous
experience with the situation assessment. The
Peacekeeping prototype utilized Klein’s Recognition
Primed Decision Making (RPD) model (Hutton and Klein,
1999). In a RPD process, an expert decision maker
commits her/his resources to evaluating the situation and
through this diagnostic evaluation, patterns are detected
that lead to recognition that the current situation is
analogous to situations that are known from past
experience, albeit for a slight variation. The appropriate
course of action is implicit in recognition of the situation,
diagnosis, and the subsequent mental simulation.
According to Hutton & Klein (1999),

Experts’ decision making is based on perceptual-
recognition skill. This skill is built up through the
accumulation of experiences with the task. Familiarity
with the subtleties of a task allow the expert decision-
maker to distinguish between typical and atypical, to
make fine discriminations between similar situational
factors, and to be able to generate expectancies about
how a situation arose and it will evolve. Violations of
these expectancies trigger the decision maker to re-

evaluate the situation and update their current
situation awareness.

Here, within ongoing events, the decis ion maker recognizes
a pattern of cues associated with a known "situation."
Once this recognition and anomaly detection occurs, there
is a diagnosis of the appropriate course of action, as well as
goals and expectations. Klein and others (Zsambok,
Beach, & Klein, 1992) have provided descriptive models of
the process by which expert decision makers arrive at
decisions in realistic settings. The present peacekeeping
scenario simulation provides a very simplistic
computational representation of Klein’s Recognition-
Primed Decision (RP D) making model.

The computational instantiation of the RPD model
involved the representation of environmental cues and
relevant knowledge in a manner that accommodates pattern
recognition. Patterns are associated with known situations
(i.e., existing mental models) and once there is a match
between the ongoing situation and a known situation,
generic scripts are employed to direct the CGA’s behavior.
We used the RPD model because it addresses high
consequence situations, and rapid decisions.

Early in development, it was realized that a purely
psychological instantiation of NDM and RPD would be
inadequate for representing the influence of socio-cultural
and physiological factors on cognitive behavior. For
example, prior computational instantiations of the RPD and
NDM models at Sandia National Laboratories did not
account for individual differences attributable to cultural
factors or personal experiences, nor did they account for
physiological influences on systems.

The peacekeeping scenario simulation prototype focused
on establishing the general NDM framework for a
simulation of human decision-making under stress. The
objective was to identify the range of cultural and
physiological factors that influence decision-making and
create a conceptual framework that accommodated these
factors. This objective was undertaken within the context
of a "Sensor/Shooter" demonstration problem that was
adapted from a Desert Storm account.

The Desert Storm Sensor Shooter Scenario

The peacekeeping scenario simulation was based on a little
known incident that occurred during Desert Storm. An
eight-man Special Forces A-Team faced a human rights
dilemma that would ultimately cost them their position, and
compromise their mission. On February 23, 1991, a Special
Forces A-Team was dropped 150 miles into Iraq before the
ground war began. Their mission was to establish a
position, and covertly observe and report traffic on a major
roadway. According to their sources at the Central
Intelligence Agency (CIA), the area was unpopulated.
However when the team arrived, they immediately heard
dogs barking in the distance. The barking dogs indicated
that they were "either in the wrong place, or something was
seriously wrong."
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Before daybreak, the eight-man team dug a chest-deep
hole in the sand in order to construct an underground
bunker where they would live until the war officially
started. However, the next morning they were faced with an
unplanned encounter with the civilian populace. Two
young girls came out to the farm fields along the road to
play a few meters from the soldiers’ bunker. After a few
minutes, the girls suddenly stopped playing. Helpless to
prevent his discovery, the sergeant on watch observed as
one of the girls turned and looked directly at him, making
eye contact. The young girls started moving away. As the
girls began to move, the sergeant observing the road, raised
his 9mm Silencer, aimed at one of the children, and began
to exit the bunker. Another soldier with an MP5 Silencer
followed him out. The sergeant who had made eye contact
with the child asked his buddy and A-Team leader, "What
do we do, what do we do?" The chief instructed the
sergeant to not fire.

In interviews with, the chief and A-team leader, the chief
reported, "Are we going to shoot the kids--that’s what they
wanted to know. Had I said, ’yes, shoot them,’ they would
have shot the kids, there’s no doubt in my mind that they
would have followed my orders. I’m a father, I have a
Christian background, and these kids were unarmed. It was
an instant decision, you know, there wasn’t a lot of time to
think about it or ponder it and say, ’no, I’m not going to
shoot the kids.’" So they decided to let the little girls go
away unharmed.

In the closing segment of the interview with the A-Team
members, the sergeant mused, "We really didn’t know in
our minds whether we would be looked on as failures, or
uh, I don’t want to use the word heroes, but uh, you know,
whether we did our mission or failed our mission. We were
compromised because we made some mistakes. You know,
all your training--it comes to a big head. And you’ve been
challenged with it, you’ve faced life and death, and you’ve
passed."

While not necessarily a peacekeeping scenario itself, the
Desert Storm account provided an appropriate context in
which to explore the salient cultural variables that
contribute to decision-making in the context of ambiguity,
novelty, and heightened arousal.

Expert Elicitation Methods

Situational Awareness requires the maintenance of an
ongoing register of environmental cues from which a
decision episode is derived. A change in environmental
cues (e.g., suspicious noise) can cause a change in the
current decision episode, provoking behavior appropriate
for a new decision episode. The decision-making process
is affected by psychological, physiological, socio-cultural,
and emotional factors. For example, fear may result in
environmental cues being neglected or misinterpreted
leading to uncertainty or a failure to correctly recognize the
current situation. The peacekeeper may delay action until
more information can be attained, or if the level of fear is

sufficient, the peacekeeper’s instinctive fight-or-flight
reflexes may take over invoking immediate self-
preservation. This foundation describes the variability in
human behavior through emphasis on the interplay of
properties that were difficult to quantify within the scope of
the present project. Therefore, a qualitative approach to
data collection was employed.

The preliminary research in developing a prototype
employed ethnographic methodologies to better understand
human decision processes and interpret the mental models
at work in scenarios that involve the use of deadly force,
unarmed civilians, ambiguity, emotional stress, and
perceived threat. We conducted separate interviews with
two Subject Matter Experts (SME) who each had direct
experience with being in an ambiguous situation with
unarmed civilians that could have led to a decision to use
deadly force---as illustrated in the Sensor Shooter scenario.
After describing the scenario in detail, interview questions
focused on identifying the "key concepts" that would enter
into the decision making process.

Interview protocols loosely followed the procedures
outlined in a cognitive task analysis, or critical decision
method (Klein & Militello, 2001; Klein, Calderwood, 
MacGregor, 1989). Cognitive task analysis methods seek to
describe cognitive demands of the task and situation, define
task constraints, and provide a framework for the
systematic interpretation of the qualitative results.
Cognitive task analysis is concerned with how a task is
carried out, not what steps are involved in carrying out the
task (Klein, 1995). Interviews generally lasted an hour 
two, and opportunities to iterate with the SMEs were
provided.

Through a review of notes taken by the two interviewers,
and several iterations of grouping concepts and themes, the
key concepts listed in Table 1 were identified (Raybourn 
Forsythe, 2001 a). Additionally, we observed law
enforcement training exercises in which personnel
participated in real-time simulated scenarios involving the
use of deadly force and civilians. These observations were
accompanied by opportunities to witness debriefings and
interview trainees. Finally, the researchers observed a
debriefing in which Turkish law enforcement personnel
described in detail the procedures and lessons learned of
past operations that involved unarmed civilians, and the use
of deadly force. We used every opportunity available to
incorporate diverse cultural perspectives into the
background research for the generation of the cognitive
model used in the Sensor Shooter prototype (Raybourn,
2001).
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Table 1. Key Concepts Identified through Expert
Elicitation
¯ Covertly observe and report ¯ Child’s parents and
enemy movement family
¯ Prevent enemy knowledge of ¯ My dying
your presence
¯ Killing may be punished ¯ Female
¯ Respect for life ¯ Hostile Territory
¯ Threat ¯ Commander
¯ Accountability to team ¯ Child as Asset

¯ Innocent child ¯ War

Cognitive Framework: Semantic Network
Reflecting Cultural State and Cultural
Differences

Figure 1 illustrates an example of a semantic network
identified by the researchers as the key concepts in Table 1
that provide the cognitive basis for cultural differences and
states as expressed within the framework of the
peacekeeping scenario simulation. The differential
representation of concepts, and especially, the differential
associations between concepts within semantic networks is
a primary means by which cultural differences may shape
cognitive processes.

Klein, Pongonis, & Klein (2000) have noted that
national cultural differences may disrupt situational
awareness, decision-making, coordination, and
communication. Based on prior research they indicate that
differences in power distance, dialectical reasoning,
counterfactual thinking, risk assessment, uncertainty
management, and activity coordination account for these
disruptions. Another way of looking at this is that each of
us perceives the world differently due in part to our cultural
filter, or lens.

Nevertheless, although culture serves as a perceptual
filter with which human beings view (make sense of) their
world, the saliency of the variable culture is largely
dependent on context, situation, task, prior knowledge, and
individual differences, or personality, to name just a few
(Raybourn, 2001). Therefore, for demonstration purposes,
one personality factor (extroversion/introversion) was
incorporated to address the challenge of representing
individual differences, or personality. "Personality" refers
to a stable disposition to perceive and respond to the
environment in certain ways. To demonstrate personality,
the peacekeeping scenario simulation incorporated a
capacity for the user to manually specify degrees of
extroversion or introversion.

Commander

I
AcC°uTia~lity t°

Threat War _

Covertly Observe

Hostile Territory Enemy
My Dying Movement

Prevent Enemy ~ Child as Asset
Knowledge of ~
My Presence

Child’s ParentsInnocent And Family

Killing is Respect for life
Punishable

Figure 1. Individual Cultural State Semantic Network
(Pardon Child)

Implementation and Simulation Walk-Through

In developing the peacekeeping scenario simulation, the
Micro Analysis & Design simulation tool, MicroSaint, was
employed as the simulation platform. MicroSaint is a
commercially available product designed to facilitate
cognitive modeling.

By establishing the input/output relationships among
human cognitive behavior and brain electrophysiology (as
reported in the literature), a cognitive process model was
developed. This method provided the basis for a design
specification emphasizing the relationship between input
(i.e., cognitive task conditions) and output (i.e.,
electrophysiological response and cognitive performance)
to the system. The objective was then to apply principles
concerning the organization of neural systems to design a
computer model that met these specifications.

In addition to the semantic network models employed in
the peacekeeping scenario simulation, physiological and
emotional factors were incorporated into the simulation.
For example, arousal was manipulated by adjusting the
pulse rate of the pacemaker. Concepts and situations were
assigned emotional associations (LeDoux, 1998). The
recognition of an environmental stimulus triggers certain
concepts, or nodes, to activate the frequency of underlying
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low-level oscillators, which subsequently activate certain
emotions such as fear or surprise, and levels of arousal.
The result is heightened activation of the initial concept,
and related concepts, and active inhibition of unrelated
concepts.

By manually varying the numeric values associated with
variables in the simulation, the user can create scenarios in
which the CGA has a propensity to pardon or capture.
Therefore, if the reader were a user sitting in front of a
computer on which the peacekeeping scenario simulation
were running, you could set (a priori) certain environmental
(scenario parameters and duration of event), peacekeeper
(physiological state [emotions, fatigue, etc.] and strength of
key cultural concepts in semantic network), and child
characteristics (clothing, size, articles, and behavior) before
running the simulation. After having set the variable values
that correspond to aspects of your peacekeeper’s cultural
semantic network, emotions, physiology, and perception of
environmental factors--you could witness the activation
(flashing) of key concepts of the semantic network map.
For instance, Figure 1 illustrates the concepts (e.g. war,
innocent child, etc.) that may be activated in a given
simulation run and the strengths of their semantic
associativity to other related concepts. In the case of
pardoning the child, a salient concept such as ’innocent
child’ may be activated by the initiation of a perceptual
event (e.g. child walks into the scene). Its underlying
oscillator would then increase in amplitude, thus activating
related concepts (child’s parents and family) and spreading
activation to subsequent oscillators.

Similarly, an emotion, such as fear, can be assigned
(associated) with a particular concept or set of concepts.
When the concepts are activated in the simulation at the
appropriate level, then the emotional priming occurs.

Let’s examine this in a bit more detail. First, at the
beginning of the peacekeeping simulation, you would see a
short duration immediately preceding appearance of the
child during which the peacekeeper is engaged in
reconnaissance activities and not "perceptually aware" of
the child. The next event corresponds to the child entering
the peacekeeper’s visual field. In the simulation, a binary
variable represents the states, "Motion is absent" and
"Motion is present." The peacekeeper does not
immediately detect the presence of the children; detection
occurs through the operation of visual processes
(perception). Modeling a true perception process could not
be accomplished within the scope of this project. However
we attempted to address critical timing considerations
associated with the interplay among perceptual, cognitive,
emotional, and other processes. The result was a very
superficial representation of events visually perceived by
the CGA.

Second, it is assumed in the simulation that there is a
period of time after the child enters the peacekeeper’s
visual field in which the child is unaware of the
peacekeeper’s presence. By adjusting time, the
peacekeeper is given differing durations to contemplate the

child’s presence prior to his learning that he has been
detected by the child. Finally, the child looks in the
direction of the peacekeeper and detects his presence. At
this point, the peacekeeper’s position has been
compromised. In the simulation, there is a binary variable
that represents the states, "No Compromise" and
"Compromise."

Third, object recognition of environmental stimuli
begins once the peacekeeper has a visual fixation on the
child. There is recognition that the object in the field of
view is a child. Four features believed to be associated with
object recognition for the concept of "child" are modeled.
These include size of child, clothing, articles in hand, and
behavior. By allowing values for each to be modified, the
model allows manipulation of what might be considered the
"child-likeness" of the child and consequently the time that
transpires between recognition of a person and
identification of the person as a child.

Following recognition that the person is a child, there is
a period during which the peacekeeper observes the
behavior of the child, prior to the child detecting his
presence. In actuality, perceptual processing would be
involved in the peacekeeper’s recognition that the child has
detected his presence. In the present simulation, it is
assumed that this recognition occurs automatically. Salient
concepts or nodes in the semantic network are activated for
a period of time. Activation of a concept within the
semantic network results in spreading activation with there
being an increased likelihood of activation for neighboring
concepts.

The user may manually enter values that adjust the
activation thresholds of the semantic associativity,
perceptual saliency (environmental objects that are
associated with concepts, e.g. size of child associated with
the concept ’innocent child’), context (relevance 
concepts to situation), and priming (altering the base level
of activation of a given concept, e.g. you assume the
peacekeeper has a heightened level of fear than normal).
Depending on how the user sets the factors described
above, the CGA executes a decision to "capture" or
"pardon" (let child escape). As one might expect, 
found that particular couplings of semantic associativity,
priming, context, and perceptual saliency seemed to favor
specific outcomes. That is, the specific mental model and
physiological state tended to yield the same decision each
time. Occasionally the weak priming of certain concepts
yielded a different outcome. These results should be
regarded as preliminary, and anecdotal.
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Conclusions

This research sought to demonstrate steps toward a realistic
computational representation of the variability encountered
in individual human behavior (Raybourn & Forsythe,
2001a). Realism required that the human representation
address the underlying psychological, cultural,
physiological, and environmental stressors.

A software model of a peacekeeping scenario adapted
from Desert Storm was developed in which the framework
consisted of a computational instantiation of Recognition
Primed Decision Making in the context of a Naturalistic
Decision Making model (Klein, 1997). Recognition Primed
Decision Making was augmented with an underlying
foundation based on an understanding of human
neurophysiology and it’s relationship to human cognitive
processes. The goal was to provide initial steps toward a
computational representation of human variability in
cultural, cognitive, and physiological state in order to attain
a better understanding of the full depth of human decision-
making processes in the context of ambiguity, novelty, and
heightened arousal.

In particular it was my goal to bring to the forefront the
importance of incorporating an individual’s worldview, or
culture, in decision-making models and simulations. While
the steps taken in this project are not without limitation or
critique, our goals were to explore human variability in the
context of decision-making, and provide a conceptual basis
for future work in the development of more realistic
synthetic human actors.
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