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After very briefly reviewing how individual differences can modify
teamwork in Section 2, in Section 3 we provide examples of architectures
that support modeling variability. In Section 4 we then discuss the types
of variability that should be supported by architectures, briefly outlining
how this can be achieved. Finally, we conclude with a discussion of how
these considerations have influenced the design of COJACK, and issues
that will affect other architectures.

2 HUMAN VARIABILITY AND ITS INFLUENCE ON TEAMWORK

Several areas of research have long recognized that human variability
plays an important role in team dynamics, and that different combina-
tions of team members will have considerable impact on the overall per-
formance of teams. In social psychology, the Myers-Briggs personality
test often is used to study how team composition affects team perfor-
mance. In the area of human factors research, for example, numerous
authors in this book and in McNeese et al.’s (2001) book examine how
team member’s information processing capabilities will modify team per-
formance and attempt to design optimal teams based on tasks and team
member capabilities.

In management science, Belbin (1993) identified nine “team roles” for
members of management teams, where each role type contributes in differ-
ent ways to the team. These roles are based on a range of factors, including
cognitive ability and personality factors. For a team to perform well, it
must contain a balance of these roles. He also notes that some individuals
do not obviously fit in one particular role, but that this can be a strength
or weakness depending on how the individual reacts to it. It can mean
that this person is flexible and able to take on different team roles as the
need arises, but it can also mean that the individual is not a good “team
player.” Belbin’s work focuses on management teams. Other sources of
human variability will be important for other types of teams. For a team
engaged in physical work, the perceptual /motor ability of individual team
members will make them more or less suited to particular roles. The perfor-
mance of team members will also be constrained by the abilities of others -
for example, a team traveling together cannot progress together any faster
than its slowest member.

3 VARIABILITY IN EXISTING COGNITIVE ARCHITECTURES

There are considerable differences in the types of variability supported
by existing cognitive architectures. Here we briefly outline some of the
architectures that provide lessons in this area.
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3.1 ACT-R, Soar, and CLARION

Like almost all cognitive architectures, ACT-R, Soar, and CLARION (Chap-
ters 2, 3, and 4 in this book) support modeling individual differences as
differences in knowledge. There have been several efforts to extend Soar
and ACT-R to incorporate further aspects of variability, and CLARION
can be used in this way (Chapter 6 by Naveh & Sun). In Soar, Chong (e.g.,
1999) has started to include moderators such as fear, but his models do not
allow for changes in the influence of the moderators over time: the models
start and stay fearful. The work by Gratch and colleagues (e.g., Gratch &
Marsella (2004); and Chapter 9 here) incorporates a model of appraisal that
updates the agent’s emotional state over time. A model of teamwork has
been developed in Soar (STEAM: Tambe, 1997), but human variability has
not yet been explored within STEAM to our knowledge.

The most recent version of ACT-R (5.0} includes a model of perception
and action with noise parameters that can be increased to cause more vari-
ation, in addition to the cognitive parameters provided by previous ver-
sions. There have been a few projects that have attempted to include more
aspects of individual differences (e.g., Daily, Lovett, & Reder, 2001) and
the body and its effects on cognition (Jongman, 1998; Ritter, Avraamides,
& Councill, 2002), but none of these have also examined teamwork.

3.2 Other Cognitive Architectures

There are several other architectures that support human variability (e.g.,
Epic: Meyer, Glass, Mueller, Seymour, & Kieras, 2001). We only review a
few examples here. PSI (Dérner, 2003), one of the more complete, includes
abody and a sense of time, in addition to parameters related to individual
differences. These two aspects play an important role in modeling human
variability. PSI's behavior in a complex task has been compared with hu-
man behavior (Detje, 2000), demonstrating that models and humans need
a complex task with several subtasks to express variability ~ if there is
only one task, the model cannot give up on that task, or prefer a different
task. The human data in this complex task showed that the behaviors and
behavior orders varied across individuals. Finally, varying the drives and
individual parameters in the model gave rise to different types of behavior.
MAMID (Hudlicka, 2004) is a similar architecture that starts to model the
effects of moderators on cognition but extends this to model the effects
on leadership; PMFserv includes moderators and has been used to model
crowd behavior (Silverman, 2004).

Sloman (2000) has argued the need to include emotions in human
modeling, and has developed the Sim_Agent toolkit to explore these
types of architectures (Sloman & Logan, 1999). The use of this toolkit has
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influencing the reasoning/action of the agent. As such, they can themselves
be seen as behavior moderators. For example, heartrate and blood pressure
influence how quickly stimulants are taken up and then excreted.

Parameters we have included in this set include heart rate, blood pres-
sure, body temperature, and levels of various naturally occurring hor-
mones (such as cortisol). One of the difficulties of including these parame-
ters at this stage is that the effects of many of these variables on cognition
have not been extensively studied particularly with models in mind, giv-
ing us limited data to work with (Silverman, 2004). As a result, it is likely
that the initial versions of architectures will contain only placeholders for
these parameters, without attempting to capture their full influence. They
do, however, provide useful suggestions for further research.

4.2 Behavior Moderators

Extending Ritter’s (1993) earlier analysis, we have grouped behavior mod-
erators and the variables to implement them into three classes: external
(arising outside the entity), internal (arising from internal changes in the
entity), and task-based (arising from processing). Task-based moderators
can be seen as a special sub-class of internal moderators. They have im-
portant implications for modeling behavior, so we keep them separate.

4.2.1 External Moderators

External moderators are external events or conditions thataffect the entity’s
behavior. These include things such as temperature, noise, and time of day.
The range of external moderators that could be modeled is extensive, but
the choice of moderators to include will depend on the model, the task
to be performed, and most importantly, the perceptions that are available
from the model’s environment.

External moderators influence the agent’s body, and will have to be
implemented as changes to intermediate, physiological parameters that
are time dependent. The effect of temperature, for example, is a cumula-
tive function. These parameters can then be used to moderate cognitive
parameters.

4.2.2 Internal Moderators
Internal moderators are those that arise out of changes within the individ-
ual, especially over time. Variations in the values of the entity’s param-
eters can themselves lead to variations in other parameters. Task-based
moderators (discussed next) are a special sub-class of internal moderators.
Other types of internal moderators include changes in physiology with
time (e.g., caffeine) and sleep and fatigue-related factors.

Chemical moderators such as caffeine are, in a way, like external mod-
erators. These moderators originate outside the body, but it is their effect

Human Variability in a Cognitive Architecture 42

on the body (and subsequently on the brain) that produce the changes i
behavior. Typically, an initial dose is ingested, which may take some tim
to be absorbed, and then over time the chemical is excreted. The level ¢
the chemical affects various aspects of cognition, perception, and action.

4.2.3 Task-Based Moderators

Task-based moderators are those associated with the information bein;
processed and the passage of time. Most cognitive architectures assum
that their mechanisms are fixed across time; however, there are many ele
ments of the task that can moderate behavior, including time itself. Sampl:
task-based moderators include boredom, fatigue, and appraisal/emotiv.
moderators. We know, for example, that performance on a vigilance tas!
drops 20% over as little time as an hour (Boff & Lincoln, 1988, Ch. 7.403).

4.3 Including Variability for Team Studies

Differences across individuals and over time within an individual are im
portant when studying team performance. Obviously, some of the param
eters that we have identified will have more of an impact on teamworl
than others. For some of the lower level parameters, their influence o1
teamwork may be indirect and not yet known. However, many behaviora
differences arise from the interaction of parameters and moderators, st
consideration must be made before discarding any particular paramete:
The effect of reaction time, for examnple, on teamwork, appears to be litth
studied, yet Gratch and Marsella (2004 and Chapter 9 in this book) repor
reaction time as important for interpreting social agent cognition. In th
absence of better measures, those parameters that are most clearly under
stood should be implemented first, providing a framework for testing th
implementations of less studied or more complex parameters.

5 MODELING TEAM AND ORGANIZATIONAL EFFECTS OF
INDIVIDUAL DIFFERENCES

We present here an overview of COJACK, a project to create a cognitive
architecture that supports human variability. It is based on the lessons fron
the architectures reviewed and uses the parameter set we have developec
(Ritter & Norling, 2003). Many aspects of this architecture will also be
important in other cognitive architectures in the future.

5.1 The Development of COJACK

COJACK is based upon an existing agent programming language, JACK
(www.agent-software.com.au). As JACK is a Belief-Desires-Intention:
(BDI)-based language, its core constructs correspond to folk psychologica
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Simon Goss, Laura Klein, Ralph Ronnquist, Mike Schoelles, Colin
Sheppard, and participants ata MoD workshop for useful comments. Some
of our original thinking in this area was done with Wayne Gray.
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