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Evaluations are made of three computer-based driving systems presented at the 1993 Society
for Computers in Psychology conference. These systems are compared and contrasted on the di
mensions of realism, validity, cost, data-output, and application goals; All three systems have
positive attributes on each of the five dimensions, but in different ways, yielding systems that
complement each other in their usefulness for research, assessment, and advisement. We note
that the systems have strong potential for applications with elderly drivers, but that all three
systems need expansion for use with high-risk youthful drivers.

The three computer-based driving systems demonstrated
in the present symposium by Schiff, Arnone, and Cross
(1994), McKnight and McKnight (1994), and Gianutsos
(1994) all have strong positive attributes. As they are each
based on somewhat different philosophies and involve dif
ferent types of hardware and software, their individual
merits vary somewhat on several dimensions. Thus, we
evaluate these systems below on five dimensions: real
ism, validity, cost, data-output, and application goals.

Realism
All three contributors were concerned about the real

ism of their computer-based driving systems, but in rela
tion to their multifaceted goals. In general, they have
asked themselves (a) what the minimum amount of real
ism is that is necessary to accomplish the goals, and (b)
where in the total system that realism should be located.
They have each arrived at different answers, and thus the
three systems complement each other in interesting ways.

Schiff et al. (1994) have incorporated realism in four
ways. First, they have developed a videotape- (or alter
natively videodisc-) based system in which subjects view
a realistic environment shot from a camera positioned in
a moving automobile near the driver's head. Second, each
of their scenarios includes a complex of visual factors
demanding a complex of psychological reactions, as Schiff
et al. feel (a) that there are numerous individual driving
strategies consisting of compensatory components inter
acting in complex ways, and (b) that real-world driving
situations involve multiple stimulus dimensions interact-
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ing in complex ways. Third, they have developed ways
to vary some visual factors systematically to reflect real
world variations, for example, using Macintosh video
toaster technology to vary brightness. Fourth, they have
two realistic foot pedals for accelerating and braking re
sponses, providing a limited degree of subject interaction
with the video displays. They are now in the process of
developing software to incorporate a noninteractive steer
ing wheel for response collection.

McKnight and McKnight (1994) have also used the
videotape and videodisc technology to accomplish real
ism. In addition to the forward view, their subjects see
a second visual display at the top of the monitor, namely,
the display one would see in a rear-view mirror. That can
give subjects early warnings ofanother vehicle that might
try to pass. They have purposely chosen to simplify their
video displays, so that each scenario primarily empha
sizes one psychological factor. They are taking a psycho
metric approach to driving in order to isolate and study
one human factor at a time. Thus, they also have a size
able number of abstract, laboratory-type displays of
squares, digits, moving arrows, etc., to provide traditional
indicators of, for example, reaction time, selective atten
tion, and short-term memory. They hope to show correla
tions between performance on these established indicators
of cognitive processing and that on their more realistic
videotape scenarios. McKnight and McKnight have chosen
a decidedly nonrealistic response device for the subject
a joystick, connected into the computer game port, and
which can be deflected in various directions by the sub
ject and has a button on top that can be used for discrete
responses. This reduces costs and simplifies program
ming, compared with more realistic response devices.

Gianutsos (1994)has purposely designedgraphic displays
based on computer symbols. Although these displays lack
video realism, they permit interaction not possible in the
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other two systems presented. The subject can easily move
the symbolic car in various directions down the continu
ously winding "road." Further. Gianutsos has developed
a relatively small number of critical driving tasks in com
parison with the much larger sets used by the other pre
senters. Gianutsos' selections are based on her prior re
search with neurological patients who have particular
cognitive and perceptual impairments that affect safe driv
ing. This task selectivity makes possible a quick and effi
cient assessment system for individuals who may be at
high risk on the road. In contrast, the other two presenters
have developed large "batteries" of items that should
show correlations with real-world driving for a general
population. Whereas the other presenters have developed
realism on the visual side, Gianutsos has built in consid
erably more realism on the response and perceptual-motor
interaction front. Her subjects can control the direction
of the graphic car with a realistic steering wheel and foot
pedal, and can signal potential right or left turns with a
realistic blinker toggle switch while driving.

Thus, we have an important set of relatively unanswered
questions as to where in the system realism is important,
and why, in terms of (1) psychological mechanisms and
(2) predictive validity. It will be interesting to see the data
from each of the three approaches over the next few years.

Validity
The three systems also take slightly different approaches

toward demonstrating validity. Schiff et al. (1994) and
McKnight and McKnight (1994) have high "face valid
ity" in their visual displays. They are also aiming for
predictive validity by correlating performance on a com
posite set of scenarios with indices of driver performance
(e.g., crash records). But such validity will be difficult
to establish because of the relatively low incidence of
crashes in the population. However, Schiff et al. have
made empirical progress in this direction with a pool of
over 170 subjects, many of whom are elderly drivers.
They have obtained moderate correlations (.40 < r <
.47) between subjects' performance and a composite "risk
scale" including crash information.

McKnight and McKnight (1994) also aim to base some
of their system's validity on the inclusion of numerous
established laboratory-type tasks which past psychologi
cal articles have shown to be correlated with driving per
formance. Since both Schiff et al. (1994) and McKnight
and McKnight have many scenarios and/or tasks, some
of them will likely prove to have poor predictive validity
as individual components and may ultimately be removed
from the assessment battery. Large subject groups will
be needed for them to end up with a smaller battery that
(1) can be standardized and administered in a reasonable
amount of time, (2) includes a set of items with combined
predictive validity, and (3) also includes items that can
implicate particular environmental and psychological mech
anisms involved in good or poor driving performance.

Gianutsos (1994) has provided fairly strong empirical
evidence for the validity of her system by showing per-

formance data that discriminate among populations known
to vary in driving ability on the basis of independent in
dicators (i.e., concurrent validity). Specifically, four dif
ferent simulation performance scores show statistically
reliable variations among four populations: (1) a normal
ization group of working-age drivers; (2) neurological pa
tients who failed other types of driver evaluations, includ
ing road tests; (3) neurological patients who passed such
alternate evaluations; and (4) a large pool of AARP el
derly drivers from a Hartford Insurance Company study.

Costs
All three systems, including their computers, cost in

the region of $5,000. Thus, all developers should be com
mended for developing useful systems at a cost that is quite
realistic in terms of widespread adaptation in research,
assessment, or advisement contexts (e.g., motor vehicle
departments and hospital clinics). In contrast, other cur
rently available systems cost around $50,000.

Further, all three systems appear to be relatively' 'user
friendly." Thus, new people will be able to use them in
various types of applications with only a day or so of train
ing, together with access to a telephone hot line for occa
sional questions or problems. Thus, cost measured in time
(as opposed to dollars) is also economical for all three sys
tems. Finally, one can measure cost in terms of safety. A
simulation system is safer for both driver and tester than
a real-world road test-particularly for populations that
might be at risk for driver safety, such as neurological pa
tients, some elderly people, and the visually impaired.

Data Output
Again, all three system developers can be commended

for providing rather complete and comprehensible out
puts of response times and errors for each simulated
driver. These are in the usual form of captioned statisti
cal tables and spreadsheets that professional researchers
are used to reading. Thus, all three systems will provide
data in formats with which the scientific community is
comfortable. This will enhance the application of these
systems as research tools.

However, Gianutsos (1994) has gone well beyond that
in also providing both computer displays and hard-copy
output that can be interpreted easily by the typical driver
or tester who does not have a technical background. Three
characteristics of these outputs are important. (1) Perfor
mance scores are compared with subjects' prior self
appraisal on each driving component, yielding important
"metacognitive" indices (i.e., the extent to which sub
jects under- or overestimate their own driving abilities).
(2) Performance on these particular outputs is not given
in absolute reaction time or error units, but rather is based
on relative or standardized scores similar to IQ scales,
with 100 indicating the mean of the normalization group
and standard deviation units spaced every 15 points along
the scale. Thus, the subject and the tester both have a fa
miliar frame of reference in which to interpret the indi
vidual subject's scores. (3) Finally, the output contains
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ample verbal interpretations. For example, all numbers
have labels such as "fair" or "average," and English
sentences further explain the output (e.g., "an average
rating ranges from 85 to 115; below 70 is unacceptable;
very few safe drivers score that low"). Such an output
format can markedly enhance the value of the driving sim
ulator for assessment and advisement.

Goals
All three systems appear to have strong potential for

the three goals indicated by the title of this symposium,
namely, research, assessment, and advisement. However,
each system may have a slight edge over the others on
one or another of the goals. McKnight and McKnight's
(1994) system may have an edge for some types of re
search. Their "abstract tasks" may provide a nice bridge
between traditional laboratory perceptual and cognitive
tasks, on the one hand, and their videotaped driving
related scenarios, on the other. Further, they focus each
task on a separate psychological process, and the indi
vidual tasks are generally designed with a psychometric
or psychophysics approach. Schiff et al. (1994) may have
an edge on driver assessment in a broad or general popu
lation because of the moderate amount of realism on both
the display and the response sides, and because of the va
riety of scenarios related to known high-crash environ
ments (e.g., high levels of approaching headlight glare,
and cross-traffic left turns). Gianutsos (1994) may have
the edge on advisement because of her creative output of
information for nontechnically trained people and because
poor performance on the various procedural phases points
directly to psychological mechanisms (e.g., impulsivity,
perceptual-motor coordination) that might be changed by
cognitive rehabilitation.

We note that one potentially important goal is missing
from all three systems-that of training. When drivers
have shown poor performance on one or another system,
what should be done? Indeed, Evans (1991) points out
that there is little past evidence to support various types
of driver training or driver education. That is to say, com
parable groups with and without particular types of train
ing (e.g., defensive-driving courses) show little difference
in future crash rates. However, according to Evans, al
though past training methods have not been successful,
other methods might be helpful. He cites Michon's (1989)
claims that rule-based approaches grounded in cognitive
psychology have promise. We would suggest combining
those with motivationalapproaches grounded in behavioral
psychology. In other words, safe cognitively based rules
must be turned into reliably executed driving habits.

As a final comment, we note that all three systems were
developed especially for use with elderly drivers. Dur-

ing recent years there has been substantial discussion con
cerning the safety of older drivers, particularly those in
their eighties, because of their decreasing vision and cog
nition. However, a careful look at a wide variety of sta
tistics (see, e.g., Evans, Ch. 2) provides strong evidence
that severe crash involvement for drivers aged 60-70 or
over differs little from that for drivers aged 40-50. Older
drivers often are aware of their limitations, drive less,
and self-limit their driving to daylight trips on familiar
routes.

In contrast, the highest safety problems are among
drivers aged 16-26. Their high crash rates (three to five
times that of 40-year-old drivers) cannot be accounted for
simply by lack of driving "skills." Rather, there is evi
dence that much of their problem relates to a high degree
of risk-taking behavior, and that young drivers too often
experience risk as intrinsically rewarding (Fuller, 1988;
Jonah, 1986). Thus, the developers might consider ways
to expand their simulation systems to include tasks or
scenarios appropriate for measuring risky driving be
haviors in drivers of all ages. These might include mak
ing choices as to when to pass another car, how close to
follow behind another vehicle, and how fast to travel in
heavy traffic or bad weather conditions. These judgmen
tal tasks have goals quite different from Schiff et al.'s
(1994) low visibility tasks, McKnight and McKnight's
(1994) high information load tasks, and Gianutsos' (1994)
choice reaction time tasks.

In sum, we have seen presentations of creative, cost
effective, and useful driving simulation systems. We look
forward to seeing new data from the contributors in fu
ture years, and to seeing how their systems continue to
develop and improve over time.
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