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Abstract

While computational cognitive modeling has made great
strides in addressing complex dynamic tasks, the
modeling of individual differences in complex tasks
remains a largely unexplored area of research. In this
paper we present a straightforward approach to modeling
individual differences, specifically age-related cognitive
differences, in complex tasks, and illustrate the
application of this approach in the domain of driving. We
borrow ideas from rigorous work in the EPIC cognitive
architecture (Meyer et al., 2001) and extend them to the
ACT-R architecture (Anderson et al., in press) and a
recently-developed ACT-R driver model (Salvucci, Boer, &
Liu, 2001) to model the effects of age on driver behavior.
We describe two validation studies that demonstrate how
this approach accounts for two important age-related
effects on driver performance, namely effects on lateral
stability and brake response during both normal driving
and driving while performing a secondary task.

Introduction

Computational architectures and cognitive modeling have in
recent years begun to account for increasingly complex and
dynamic tasks, in domains such as piloting combat aircrafts
(Jones et al., 1999) and controlling air traffic (Lee &
Anderson, 2001). While such models have captured many
aspects of human cognition and performance in these tasks,
one aspect of complex tasks, namely individual differences,
remains a largely unexplored area of research. The modeling
community has seen several rigorous studies of individual
differences in the context of cognitive architectures, perhaps
most notably the work of Meyer et al. (2001) in the EPIC
cognitive architecture (Meyer & Kieras, 1997) and that of
Lovett, Daily, and Reder (2000) in the ACT-R architecture
(Anderson et al., in press). However, due to their emphasis
on specific sources of individual differences, these studies
focused on relatively short laboratory tasks in controlled
environments rather than more complex continuous tasks in
dynamic environments.

Our goal in this paper is to generalize ideas from
existing work on individual differences in simpler tasks to
account for individual differences in complex dynamic
tasks. We illustrate our approach in the domain of driving,
a complex task that people perform on daily basis. There
now exist several so-called “integrated driver models” (e.g.,
Aasman, 1995; Levison & Cramer, 1995) that attempt to

combine the lower-level aspects of driving (e.g., steering
control) with the higher-level aspects of the task (e.g.,
decision making, navigational planning). In particular,
Salvucci, Boer, and Liu (2001) have developed and refined
an ACT-R driver model that predicts many aspects of driver
control, situational awareness, and decision making during
common highway driving. However, to date, no integrated
models of driving, including the ACT-R driver model, have
accounted rigorously for any individual differences in driver
behavior and performance.

This paper builds on previous work by presenting an
account of individual differences, specifically age-related
differences, in the complex task of driving.  Not
surprisingly, age plays a significant role in driver
differences, often couched in broad terms as differences
between younger drivers (roughly 20-30 years of age) and
older drivers (roughly 60-70 years of age). Our approach
borrows recent results of Meyer et al. (2001), who explored
models of age-related individual differences in the context of
the EPIC cognitive architecture. Age effects on driving
offer a particularly interesting challenge to computational
cognitive modeling: on the one hand, some studies have
found that older drivers exhibit performance equal to that of
younger drivers for certain combinations of driving and/or
secondary tasks; on the other hand, other studies have found
that older drivers sometimes experience extremely reduced
performance, particularly in the presence of secondary tasks
(e.g., using a cell phone). Thus, the effects of age are far
from trivial and must be taken in the fuller context of both
the complex behavior necessary for driving and also the
complex interaction between the driver and the “artifact”
(i.e., vehicle, road, etc.) through which the driver’s behavior
is externalized.

In the next section of the paper, we describe our basic
approach and its instantiation in the ACT-R cognitive
architecture. We then present two modeling studies that
validate our approach for complementary tasks and aspects
of behavior, namely drivers’ ability to maintain lateral
stability on the road and drivers’ ability to respond (i.e.,
brake) to sudden external stimuli. While our work in this
paper emphasizes driver behavior and the ACT-R cognitive
architecture, the fundamental ideas generalize well to other
complex task domains and other modeling frameworks.
Thus, our ultimate goal is to explore the interaction between
basic individual differences and their downstream effects on
performance in complex dynamic task environments.
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for older people seems simple enough, it should be noted
that the resulting predictions are far from trivial. Indeed,
one might at first expect the slowdown to result in
analogous performance decrements — for instance, a 13%
degradation in lateral velocity and braking response.
However, for complex dynamic tasks, this situation is much
more complicated: the model’s behavior is filtered through
both the perceptual-motor processes and the vehicle
dynamics, resulting in predictions that can only be
generated and tested through “embodied” cognitive models
that interact directly with realistic task environments. The
two validation studies show that the ACT-R driver model,
in the context of such a realistic environment, successfully
accounts for these complex interactions in the driving
domain, namely for both the lack of effects (in the No-Task
condition) and larger-than-expected effects (in the Task
condition) for lateral and longitudinal measures.

This work also illustrates one of the important
advantages to working in the context of a cognitive
architecture — namely, the sharing and re-use of ideas and
model implementations within an architecture and even
across different architectures. Not only does the work of
Meyer et al. (2001) have large implications for their own
EPIC architecture (Meyer & Kieras, 1997), the work
translates well to other architectures such as ACT-R. In
addition, this type of foundational work has immediate
implications for all models developed in the architectures;
for instance, other ACT-R models of complex dynamic
tasks (or any tasks general) could incorporate the 13% cycle-
time increase to immediately derive age-related predictions,
enabling comparison to human data for a host of new
measures. Such work would nicely complement recent
work on other aspects of individual differences, such as
differences in working memory (Lovett, Daily, & Reder,
2000). These studies of individual differences bring to light
the predictive power inherent in cognitive architectures and
help to make further strides toward Newell’s (1990) vision
of more “unified theories of cognition.”
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