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Extended Abstract

As user interfaces move off the desktop, they have become increasingly prevalent in our everyday lives
and in one environment in particular: our cars. Private vehicles are used for 91% of all personal travel in
the United States (Federal Highway Administration, 2001), with the average American spending about 80
minutes in their car every day — up from about 60 minutes just over a decade ago in 1990 (Polzin et al.,
2003). Meanwhile, coinciding with the burgeoning use of secondary devices — cellular phones to
navigation devices to PDAs — in vehicles, “driver inattention” has become the primary cause of vehicle
crashes (22.7%), ahead of even excessive speed (18.7%) and alcohol impairment (18.2%) (Hendricks et
al., 2001).

Given the importance of in-vehicle interfaces and their effect on our lives, effective evaluation methods
for such devices are sorely needed to determine how they might affect driver behavior and performance.
The field of human-computer interaction has enjoyed an enormous body of research devoted to
techniques for evaluating, and thus refining and improving, user interfaces. From collection of verbal
protocols (e.g., Ericsson & Simon, 1984) to heuristic evaluation methods (see, e.g., Nielsen & Phillips,
1993) to predictive computational modeling (e.g., Card, Moran, & Newell, 1983), the literature contains a
rich variety of evaluation methods suited for a variety of purposes. However, the vast majority of these
techniques have been developed for and tested in the context of desktop interfaces, making them
inadequate for evaluating in-vehicle interfaces in at least two significant ways. First, use of in-vehicle
interfaces requires multitasking between the primary driving task and the secondary interface task, and
thus evaluation methods must understand the requirements of driver behavior and how interface use can
be interleaved with driving. Second, the most common evaluation measures for desktop interfaces, such
as time on task, errors, and user preference, are often not ideal for in-vehicle interfaces, where safety and
driver performance are the critical measures for evaluation.

We are currently working on a new approach to evaluating in-vehicle interfaces quickly and easily. The
approach is embodied by a multi-stage process as follows:

1. Specification. Given some description of a new device interface (whether implemented,
prototyped, or simply verbally described), a designer thinks up sample tasks and model these
tasks using the ACT-Simple modeling language (Salvucci & Lee, 2003), which closely resembles
the well-known KLM framework (Card, Moran, & Newell, 1983). ACT-Simple provides a
variety of operators that specify keystrokes, mouse movements and clicks, etc. by simply writing
a sequence of commands such as (press-key), (move-mouse), (click-mouse), etc.

2. Compilation. While ACT-Simple resembles KLM in spirit and functionality, the framework has
the advantage that it can be translated, or “compiled,” down to a lower-level architecture



— namely, the ACT-R cognitive architecture (Anderson & Lebiere, 1998). The compilation
process results in an ACT-R model that utilizes all the built-in predictions of the ACT-R
architecture, and also has the benefit of being amenable to integration with other ACT-R models
(unlike a typical KLM or related framework).

3. Integration. The compiled ACT-R model can now be integrated with a model of driver behavior
with the goal of predicting driver behavior when performing both the driving and secondary
(interface) task. For this purpose, we use an existing ACT-R model of driver behavior (Salvucci,
Boer, & Liu, 2001) that has been validated for basic driving behavior as well as integration with
secondary-task models (e.g., Salvucci, 2001).

4. Simulation. The final integrated ACT-R driving/task model can now be run in simulation, given
a full simulated environment (e.g., a two-lane highway with traffic) and producing a full
complement of predicted behavior; in fact, the model produces identical protocols as human
drivers navigating the environment in a driving simulator, including steering, acceleration, even
eye-movement data. The behavioral data can be analyzed in a host of ways to examine not only
task time but actual measures of driving performance — for instance, lateral deviations of the
vehicle, speed deviations with respect to a lead car, braking reaction time and distance, etc.

A number of issues and challenges arise in the application of this approach to real-world problems. We
have been grappling with two issues in particular. First, unlike models for one-task desktop interfaces,
the secondary task models require specification of when driving may be interleaved with the secondary
task. Do drivers performing a secondary task look back at driving after every step in the task, at the
completion of every subgoal, or only after the entire task is complete? We are exploring ways both of
automating the placement of such interleaving events and of allowing the user to specify these manually.
Second, standard methods for treating “mental operators” (‘M’s) in secondary-task models do not seem
completely adequate for application to driver distraction. For instance, does the cognitive processor stall
for the entire time of such an operator (1.20 — 1.35)? Can this time be interleaved with driving? If so,
when/where can the interleaving happen? Initial explorations have led us to one straightforward solution
of carving the mental operator time into multiple segments, in between which some driving updates can
take place, and we are attempting to estimate the number of segments empirically using empirical results
in a cell-phone dialing task.

We believe that the proposed approach can help “close the loop” for the development of in-vehicle
interfaces by providing a rapid process (approximately several hours) to move from interface ideas to
recognized real-world measures that quantify driver distraction. Also, the approach could potentially be
augmented with a prototyping front-end such that the designer can, for instance, quickly mock-up the
desired interface and generate models automatically by demonstration (e.g., John et al., submitted).
While we would not expect such a system to single out the one best idea from hundreds of possible ideas,
we hope that it might be used to narrow down the field of ideas to a much smaller set (3-5), thus quickly
eliminating bad possibilities and allowing more time to fully explore the few best possibilities.
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