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1. INTRODUCTION

1.1. Preamble

With the lowering of the birth rate over the last decade and a half, and the

increased life expectancy associated with improving health care, the United

States is undergoing a radical aging of its populace. This change in demographic

structure is embedded in a society experiencing clear and rapid advances in its
technological capability (Abend & Chen, 1985; U.S. Congress, 1985; Tobias,
1987). One ramification of these combined developments is that expectations of
activity and lifestyle change rapidly across successive cohorts. Typically, each
sequential cohort expects to retain access to progressively wider ranges of
activity which have become characteristic of their respective lifestyles.
Contemporary and future cohorts will expect continued access to the privilege of
autonomous mobility, typically through the use of the automobile (Wachs, 1988;
Waller, 1972). This aspiration generates a conflict between two powerful and

somewhat antagonistic societal forces. On one side is the traditional and
expected freedom that emanates from owning and operating a personal
automobile. On the other is the potential and actual safety hazards associated
with the actions of an aging central nervous system having to cope with
progressively more complex and demanding driving environments (Federal
Highway Administration, 1986). The potential resolution of this conflict lies in the
use of a systems approach as a framework to apply Human Factors principles to
improve the driving environment, the vehicle, and facilitate the capabilities of the
driver. Unfortunately, there is little research available that is specifically directed at
the Human Factors problems faced by aging drivers with regard to design of
automobiles, roadways, and roadway communication symbols (Forbes, 1985;
Staplin, Breton, Haimo, Farber, & Byrnes, 1986; Yanik, 1989). Consequently,



there is a fundamental need for research efforts in this area. It is one facet of this
systems-based strategy (Doebelin, 1980), namely the use of simulation in
training, testing, and evaluating the older driver, that is the focus of the present
report.

1.2. Origin and Rationale of the Report

In response to the questions raised concerning the safety and mobility of
an aging population, a project was initiated in June 1986 by the Transportation
Research Board (TRB). They considered a wide spectrum of transportation
modes. However, for the purpose of the present report only questions relating to
older individuals and automobile driving are considered directly. Pursuant to the
Surface Transportation Assistance Act of 1987, further efforts have been
directed to the identification of problems that might inhibit mobility and reduce
safety of the older members of society. In a collaborative endeavor, a workshop
was held in Washington, D.C. in August, 1989, principally under the sponsorship
of the National Institute of Aging, to address many of the questions raised in the
Transportation Research Board report, and to identify a number of plans and
strategies through which research efforts may be directed to answer the
spectrum of problems identified. An offshoot of this meeting is the present report
to examine issues related to simulation and its potential use in the realm of older
driver evaluation. The specific mandate and identification of the problem domain
are given below.

1.3. Purpose of the Present Report

The purpose of the present report is to examine the application and utility
of driving simulation for the assessment, testing, and experimental evaluation of
older drivers in pursuit of increased safety and enhanced mobility. Comparisons



across simulation methods are made in light of proposed goals that are set in the
realms of training, evaluation, and research.

1.4. Definition of the Problem Domain

In generating the present report, the key process has been material
selection. Overviews of both older driver capabilities and the questions
surrounding the general area of task simulation have been provided. However,
the aim is not to develop an exhaustive review of either topic as they have been
dealt with in detail elsewhere (Allen & Jex, 1980; Cerella, 1989; Flexman & Stark,
1984; Malfetti, 1985; Society of Automotive Engineers, 1988; Temple, 1989).
Rather, crucial information is presented to indicate where these problem domains
overlap, particularly in the testing, training, and evaluation of older drivers (Klebel,
1974). We have identified allied topic areas which yield pertinent information,
such as flight simulation (Comstock, 1984; Furness, 1986; Knowles, 1967;
Koonce, 1979; Krishnakamur, 1985; Lee & Bussolari, 1989; Wightman & Lintern,
1984). In particular, we have reviewed Human Factors research results which
promise particular potential for understanding contributions of simulation to older
driver testing and evaluation (Josefowitz, North, & Trimble, 1980). Where
possible we have used extensive referencing to cover issues that are of
importance, but are peripheral to the aims of this report. While we have concerns
for the general mobility and safety of older persons, the present report is limited
to automobile driving and simulation. The choice to limit the scope of the report to
these conditions is purposive.

I





2. PROBLEMS OF THE OLDER DRIVER

2.1. Preamble

There are a number of observations that should precede any statements

about aging and the aging driver which, in effect, temper any tendency toward

generalized statements (Fozard, 1981; Birren & Bengtson, 1988). First, the

aging population cannot be considered a homogeneous group. Indeed, it is
common to find older individuals in general and older drivers in particular grouped
according to three age categories. These are the young old, from age 55 to 65,
the medium old from 65 to 75 and the old old, being age 75+. Such
differentiation, while useful for practical purposes, perpetuates the myth of
parallelism between chronological and functional aging (Ludwig & Smoke, 1980).
Although we are aware of the frequent incompatibility between structural and
metrical reflections of the aging process (Rabbit, 1983; Richardson & Rosen,
1978), a measure to assess functional age equivalency has yet to emerge (cf.,
DuNouy, 1937; Nuttall, 1972). Indeed, the absence of a theoretical measure of
aging is not the only problem which besets gerontological research. There are
numerous procedural and methodological problems that may cloud
interpretations from studies on aging.

2.2. Problems of Evaluating Age Effects

In examining aging effects it is important to distinguish potential
confounds. For example, as it is difficult to establish a normative aging profile, the
subsequent extraction of only these effects from a specific test sample is an

arduous task. Confounds due to cultural and social factors may bias findings, and

their presence may be difficult if not impossible to establish without extensive
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assessment. Analysis of aging data present additional challenges. For example,

in the comparison of data between older and younger subjects, there is typically

greater variance in the older sample. This violates the assumption of

homogeneity of variance (Staplin, Breton, Haimo, Farber, & Byrnes, 1986).

Corrections for interpretation and statistical implementation in this case need to

be considered. Another related artifact associated with data analysis in the elderly

concerns the relationship between speed and accuracy. A consistent finding in

the elderly is that they slow their responses in order to be more accurate. So
older and younger subjects occupy differing regions of the speed accuracy
function. To separate speed and accuracy measures for ease of analysis can
present a highly distorted picture of relative capabilities of the different age
groups. Other problems can occur due to the fact that older drivers have
reduced ability to stop an action once started in a smooth and timely manner
(Vrtunski, Patterson, Mack, & Hill, 1984). This effect can subsequently bias
results in investigative areas beyond simple psychomotor testing.

With regard to observations of a general slowing in information
processing with age (Cerella, 1985; Hicks & Birren, 1970; Rabbit & Birren, 1967;
Welford, 1984), it may be argued that this slowing in and of itself needs to be
considered an independent variable. One reason for this conclusion is that the
elderly are functionally living in a different temporal world than young adults with
which they are frequently compared (Birren, 1955, 1974; Eriksen, Hamlin, &
Breitmeyer, 1970). This fundamental difference in temporal orientation with
respect to time-flow in the environment must question any comparison made
between groups. Hence the question should not be between faster and slower
response, but between synchronized and unsynchronized actions in relation to
environmental constraints. There have been numerous texts and research
reports concerning the problems associated with a detailed physiological and
psychological understanding of human aging (e.g., Arenberg, 1973; Birren &
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Bengston, 1988; Braune, Wickens, Strayer, & Stokes, 1985; Cerrella, 1985,

Eisdorfer & Lawton, 1973; Spence, 1989). A brief summary of important findings

is provided here as a basis upon which to build a framework for understanding the

problems which affect the older driver.

2.3. Sources of Information on the Aging Driver

There have been three basic sources of information concerning the

capabilities of the aging driver. Principally, information has been extrapolated from

findings in the research laboratory and are inferred as occurring in the driving

environment (Deaton & Parasuraman, 1988; Diaz, 1986; Kinsbourne & Berryhill,

1972; Okun, 1976; Welford, 1981). Confirmation has been sought from the

second major source of information which is the data extracted from accident

statistics and driving violation records, which, while being rather noisy sources of

data also provide some insight into the differential effects of age on driving

behavior (Finesilver, 1972; Kent, 1963; Kent & Novothy, 1961; Malfetti, Winter, &

Schwendiman, 1988; Verhaegen, Toebat, & Delbeke, 1988; Williams & Carsten,

1989). The third major source is a little more recent in origin where researchers

have sought the subjective responses of older drivers to the driving task (Cox,

1978; Irwin, 1988; Taira, 1988). The clear omission in this armory of data is the

simulated and on-road evaluation of the performance characteristics of the older

driver (but see Allen, Parseghian, & Van Valkenburgh, 1980). Indeed, a full and

comprehensive evaluation of the driving task and some task analytic base for this

common task has yet to emerge for any part of the driving population.

The database on accidents, fatalities and citations shows that older

drivers have greater frequencies of these events than any other age category

with the exception of teenage drivers. This occurs even though fewer older aged

people have drivers licenses and they drive fewer miles when compared to

younger age groups. The most relevant measure of involvement in various
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accident scenarios for the older age group is the frequency of particular events
per the number of miles driven. Elderly drivers, per mile driven, have relatively
higher incidence of crashes than younger age groups with the exception of the
youngest age drivers (IHHS Facts, 1986). Also, compared to younger drivers,
elderly drivers have a higher frequency of accidents when making left turns
across traffic, merging with traffic, changing lanes, and pulling away from the curb
(Yanik, 1986).
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Figure 1. Incidence of accidents in the "Elderly" Driving Age Groups. Adapted
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Figure 1 illustrates accident rate as a function of driver age. Fatal and non-

fatal crash rates are nearly double from the age group of 55-59 to 70+ year old

drivers. A non-linear increasing trend is also found in older drivers involving fatal

and multiple crashes at intersections. In addition, a nonlinear trend in the
involvement of the older driver is clearly evident when analyzing multiple-vehicle

crashes at intersections. The classification of why elderly drivers are involved in

accidents at intersections is attributed to failure-to-yield (McKnight, Simone, &
Weidman, 1982; McPherson, 1985; Moore, Sedgley, & Sabey, 1982, Brainin,

1980).
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Figure 2. Relative involvement in designated accident categories by driver age
group. Adapted from Maleck and Hamer (1986), TRR No. 1059.
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Data from the State of Michigan (Maleck & Hamer, 1986) indicate a flat line

across age group and car type for rural accidents, whereas, a U-shaped curve is

exhibited for urban accidents by age group. A microanalysis of accident type by
age group is given in Figure 2. Data for right angle, head-on, rear-end, left turn

and parking/backing accidents all affirm the U-shape curve across driver age
groups. Figure 2 uses the accident surrogate method for estimating exposure
(Maleck & Hamer, 1986).

Staplin (1985), in an analysis of a random sample of Pennsylvania traffic

citations, found that while those under 26 were overrepresented in nearly every
violation category older drivers had relatively higher citations in the categories:
failure to yield while turning left at an intersection; failure to yield to approaching
vehicles when entering or crossing a roadway from a corollary; failure to stop for a
bus; and improper vehicular backing. Other reports support these findings (IHHS
Facts, 1986, McKnight, Simone, & Weidman, 1982, McPherson, 1985, Brainin,
1980).

The reasons for why older drivers are involved in relatively more urban

accidents and code violations is the crux of the problem (AMA, 1973). The
distinction of these reasons rests in the differentiation of the myriad of context
and driver specific variables. This dissociation can only come at multiple levels of
analysis and through a multiple disciplinary perspective. For example,
environmental, pathological, and "normal" aging effects, each potentially
contribute to the older driver's relatively higher frequency of involvement in
accidents and citations (Staplin, Breton, Haimo, Farber, & Byrnes, 1986). The
piecing together of the relative influence and interactive effects of each of these
factors can only be accomplished by a considerable research effort. An overview
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of some of the primary limitations due to aging as influencing the driver are given

below.

2.4. Physical Problems Associated with Aging

Initially, it may appear that physical problems associated with aging are
somewhat less of a barrier to continued driving than those involving more
cognitive skills. However, there are a number of important limitations imposed by
deficiencies in such structural capacities (Clark, 1986; Clark & Faletti, 1985).
Physical concomitants of aging are well documented (Stoudt, 1981). Loss in
muscle mass and lost flexibility expected in normative aging can be exacerbated
by degenerative conditions such as arthritis (Imrhan & Loo, 1986). While some of
these impairments may be offset by training (cf., Madden, Blumenthal, Allen, &
Emery, 1989; McPherson, Michael, Ostrow, & Shaffron, 1988), they generally
lead to reduced physical efficiency. In particular, this process may limit a driver's
range of motion, and of direct concern is restriction to head movements. Many of
the accident configurations dominated by older drivers, e.g., merging, lane
changing, and backing, require the driver to scan a large portion of the 360
degree visual field. Restriction of access to increasingly greater portions of this
view can limit the individual in assimilating vital information. Therefore, it is
possible that the restriction of physical range of motion alone may be responsible
for some proportion of accidents which occur to older drivers.

In a recent paper, Hancock, Wulf, Thom, and Fassnacht (1990) found that
such structural limitations may be implicated in the left-turn accident for all drivers,
particularly where a driver makes an inappropriate movement across the path of
low-conspicuity on-coming vehicles. It should be noted that the left-turn is also a
configuration in which older drivers are over-represented in accident statistics. It
may be possible to differentiate the effect of physical limitations on driver
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capabilities by comparing the performance at any age, of those drivers with and
without some degree of physical incapacitation. Clearly, such limitations may also
be explored in simulation facilities by use of selective presentation of the field of
view to drivers of differing age, experience, and ability.

2.5. Normative Versus Pathological Effects of Aging

A critical distinction in the aging literature is that aging has two
concomitants--it's pathological and "normal" origins. The former clearly impairs an
individual's capability to drive. Also, it is known that diminished health affects
intellectual functioning to a greater extent than just the normal aging process. A
brief list of these physical or pathogenic problems serves to illustrate these
effects: hypertension, atherosclerosis, stroke, cardiovascular disease,
cerebrovascular disorders, transient cerebral ishemia, senile dementia,
Alzheimer's disease, Parkinsons disease, depression, deficits in
concentration/attention memory, perceptual acuity (e.g. glaucoma), etc.

A portrait of one well known pathology and it's potential effects on driving
illustrates the problem. Senile demetia of the Alzheimer's variety (SDAT) is
generally characterized by three stages: Phase I is the "forgetfulness" phase
(mild); Phase II is the "confusional" phase (moderate); and Phase III is the
"dementia" phase (severe). Mild to moderate SDAT occurs in approximately 11-
12% of the individuals over 65 age group, whereas, 4-5% in this same age group
have severe SDAT. The rate of progression through SDAT varies from person to
person. At one extreme, loss of functional capabilities occurs within a rapid time
frame of months while at the other end of the continuum of progression,
capabilities may incrementally dwindle over many years. It is thought that SDAT
may affect the control processes much more than the habitual or automatic
processes (Schneider & Shiffrin, 1977). Speculatively, in those who drive routine
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routes under normal conditions SDAT may or may not affect performance,
however, under adverse or new route conditions, where control processes are
critical, SDAT would be expected to diminish driving performance.

Closely related to pathological aging, Staplin, Breton, Haimo, Farber, and'
Byrnes (1986) outlined a critical problem facing older and elderly drivers, namely,
medication usage. Aside from an individual's learning, perceptual, cognitive and
motor regression due to disease, the pervasive use of mediation in the driving
elderly clearly poses a dramatic problem. When someone obtains a drivers
license, they are usually asked whether or not they are currently using any
prescription drugs. However, we do not know whether or not older drivers actually
report the prescriptions they may be using out of fear of mobility loss. Nor do we
know the effects of multiple combinations of medications upon driving
performance (Doege & Engelberg, 1986). We know that the elderly (65+), while
representing 10-11% of the overall population, consume some 25% of the
prescribed drugs (Staplin, Breton, Haimo, Farber, & Byrnes, 1986) while 75% of
those over 75 years of age use prescribed drugs. In addition, it is known that six
of the ten most prescribed drugs for the elderly (75+) cause mental confusion. It
is probable, therefore, that the magnitude of the medication drug use in our aging
society presents a most serious threat to safe driving. It is not known, however,
how many older drivers there are who are medicinally impaired but continue to
drive (Strawbridge, 1988). Finally, it appears that alcohol becomes less of a
problem as age increases (Staplin, 1985), However, in contrast, Brainin (1980)
suggests that alcohol is the greatest single contributor to driving accident deaths
in those drivers over 65. These conflicting positions have yet to be fully resolved.
Irrespective of the source of disturbance, it is the individual's ability to
successfully accomplish the perceptual, cognitive, and motoric action necessary
for driving that are of concern. Thus, we turn to a brief overview of cognitive
changes that have been associated with aging (see also Albert, 1984).
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2.6. Cognitive Problems Associated with Aging

Older subjects exhibit a substantive slowing when compared to younger

individuals on tasks that contain speed of response as a performance criterion
(Botwinick, 1977; Cann, 1990; Welford, 1977. This represents the most striking,
most pronounced, and most replicated finding in gerontology (Birren, Woods, &
Williams, 1979; Rabbit, 1979; Tolin & Simon, 1968). It is Birren's contention that
aging slows neural events such that the speed of nearly all processes are
retarded (Birren, 1955, 1964, 1970, 1974). Cerella (1985) has suggested that
the slowing of sensory-motor processes is less severe than the slowing that
occurs in higher order processes such as decision-making. Much of the support
for these positions come from comparison of experimental evidence concerning
cross-sectional studies of subjects performing simple and choice reaction time
tasks (Birren & Botwinick, 1955; Birren, Reigel, & Morrison, 1962; Botwinick &
Thompson, 1966; Davidoff & Surwillo, 1960; Fozard & Poon, 1976; Gottsdanker,
1980, 1982; Griew, 1959; Rabbit, 1964; Simon, 1968; Waugh, Fozard, Talland, &

Erwin, 1973; Weiss, 1965). Salthouse (1985) has suggested that simple RT can

increase somewhere between 5 and 15% per decade, but again this estimate is
derived from cross-sectional rather than longitudinal comparisons.

McPherson, Michael, Ostrow, and Shaffron (1988) have postulated a
relationship between these simple response skills and components of driving.
They claim that scanning, stopping, and handling all relate to reaction time
measures and that subjects with poor reaction time also experience more
difficulty in driving. While it is true that response time, involving both reaction time
and movement time, is a key element in stopping, all of these skills and many
other responses involved in driving depend upon the successful completion of
the whole processing sequence. So, while differing tasks call on differing
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response capabilities to differing degrees, and may be rate-limited in their

processing time by certain response stages, the overall response is dictated by

the integrity of the whole processing system (Erwin, 1980). This systems

approach is an essential perspective for anyone wishing to construct a dynamic
task analysis of driving based upon a model of human response capabilities.

As pointed out by Temple (1989), driving often requires the subject to
discriminate between stimuli, so simple responses may not best represent that
characteristic involved in driving (see also Howell, 1972; Lahtela, Nieme, &
Kuusela, 1985). As evidenced from the studies cited above, all subjects increase

in response time as the number of choices increases. However, the slope of this
function, essentially the original Hick-Hyman Law, is greater for older subjects,
and because of its logarithmic form indicates the proportional growth in the
responses of older subjects. The major failing at present is a strong formal link
between these assessments of perceptual-motor response and actual driving
behavior. There are firm theoretical grounds for postulating a strong influence,
but as yet clear connections have yet to be established. But as noted by Owsley
(1990), relationships between simple sensory capabilities and accident
involvement have proved weak (Hulbert, Burg, Knoll, & Mathewson, 1948). It is

important to look beyond simple perceptual evaluation to a more complex model
of human information processing. Such a model has been formulated and refined
by Schneider and Shiffrin (1977)

Schneider and Shiffrin (1977) proposed two qualitatively distinct
processes through which an individual responds to environmental stimuli. The
first process, control processing, is slow, effortful, and shows performance
decrement when time-shared with other tasks. The second process, labelled
automatic processing, is in contrast fast, relatively effortless, and can be time-

shared with both other automatic processes and some selected control
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processes. Control processes are typically used in uncertain environments where

there is no consistent relationship between stimulus and response. Automatic

processes, on the other hand, are developed through such consistency over a

prolonged period of practice. Such duality allows the individual to deal with the

vagaries of an uncertain environment while preserving processing resources in

the case of well known consistent relationships (Ackerman, 1986).

In his experimental work, Fisk (see Casey, Rogers, & Fisk, 1987; Rogers

& Fisk, 1989; 1990) has shown that automatic processes are relatively

invulnerable to aging effects. Hancock (1984, 1986) has demonstrated that such
automatic processes are largely immune to the effects of stress. In the present
context, aging can be conceived as a systemic stress, in which the individual
progressively loses functional adaptability. As a result aging has little effect on
automatic components of performance, however, stress and aging both severely
impact tasks which demand control processes. Further, age related decrement in
capability should increase with task difficulty. This postulate is affirmed in the
recent experimental work of Cann (1990), and has been noted by a number of
others (Cariton, Vercruyssen, McDowd, & Birren, 1988; Vercruyssen, Cann,
McDowd, Birren, Carlton, Burton, & Hancock, 1988; Vercruyssen, Carlton, &
Diggles-Buckles, 1989; Woods, 1979, 1981). Partial support for this position
comes from observation of driving pattems of older drivers. Typically, they avoid
driving in unknown areas and maximize the potential for using automatic
processes by using consistent routes (Transportation Research Board, 1988;
Staplin, Breton, Haimo, Farber, & Byrnes, 1986).

2.7. Perceptual and Cognitive Factors Affecting Older Driver Capability

If the controlled and automatic processing framework should prove useful
in analyzing the skills of older drivers, it appears that decrements to control-based
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actions would become a significant locus in which to search for critical effects.

One influence that changes the efficiency of control processing is operator
workload. Operator workload (Ackerman, 1984; Adrion, 1986; Hancock &

Meshkati, 1988; Hart, 1986), covaries with the use of control resources which are

directed to resolving the uncertainties presented to the environmental display.
Therefore, to test for differences in response between drivers of differing age, it
is necessary to use a high demand, high uncertainty, task that is a common
component of actual driving. In previous work (Hancock, Wulf, Thom, &
Fassnacht, 1990), we compared the workload response of individuals during
turns versus straight driving. We have shown that turning imposes considerable
demand upon the driver compared with straight driving and that left-turns across
traffic represent the most demanding situation of all. In our work, we examined
responses from eighteen drivers across the age range of 18 to 70. There were
indications of an age by driving maneuver interaction on workload, however, the
data were too sparse to draw any unequivocal conclusions.

In a recent report, Temple (1989) has compared those perceptual and
cognitive factors which affect the capability of both older and younger drivers.
She reviewed a number of reports which focus specifically on sensory and
perceptual factors, particularly of the visual system which is the predominant
channel for information assimilation in the driving task. Among these
characteristics are visual acuity, color vision, and dark adaptation. We have not
reviewed the effects of age on changes in these sensory functions as extensive
synopses and reports are already available (Abramson & Lovas, 1988). However,
She, like others (e.g., Owsley, 1990), are turning from sensory to cognitive forms
of assessment (Kahneman, Ben-lshai, & Lotan, 1973; Klebel, 1974). Therefore,
at the present it is of particular importance to distinguish first, if the skills
associated with driving can become automated in the sense used by Schneider
and Shiffrin (1977). A second important investigation is to determine whether
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these skills are relatively unaffected in older drivers during on-road performance.

A further step is to examine whether the relative disadvantage suffered by older
performers as task difficulty increases in the laboratory (cf., Cerella, Poon, &
Williams, 1980; Falduto & Baron, 1986; Winter, 1985) is transferred to the driving
environment. One sensory capability that is integrally related to stimulus
registration and processing is peripheral vision. The changes in peripheral vision
with age and their effects on driving have yet to receive sufficient attention (see
Temple, 1990).

2.8. Peripheral Vision

There have been many investigations concerning the effects of aging on
vision (Evans & Ginsburg, 1985; Faye, 1986; Gittings & Fozard, 1986; Hersch &
Wech, 1960; Kline & Scheiber, 1985; NRC, 1987; Pitts, 1982; Sekular, Kline, &
Dismukes, 1982; Simonelli, 1980; Weale, 1963; Wolf, 1960), and what potential
influence such changes could exert on driving capability (Briggs, 1986; Burg,
1968; Christie & Fisher, 1966; Matthews, 1986; Poynter, 1988). These effects
have been summarized elsewhere. Here, we focus on aging and peripheral
vision, also with a view to how such changes might affect the aging driver.
Peripheral vision is a strong mediator of information on the relative motion of
objects in the environment (Zwahlen, 1986), and also is a major source of
knowledge on self-motion or ego-motion. In consequence, it is not unexpected
that such capabilities are involved in aspects of driving performance (Leibowitz,
Post, Brandt, & Dichgans, 1982). Unfortunately, relatively little work has
addressed the age related changes in the functioning of the peripheral visual
system, although there are apparently decrements in information assimilation and
detail discrimination (Corso, 1981; Sekuler & Hutman, 1980; Sekuler, Hutman, &
Owsley, 1980; Sekuler & Owsley, 1982). Temple (1989) suggests that such
changes might be implicated in driving maneuvers such as lane changes and
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traffic signal change, although to the present date few studies have spanned the

whole question from sensory assessment through driving record analysis to on-

road assessment (Allen, 1985).

In general, accident scenario involving older drivers include situations in

which the driver is asked to pick up information from a large portion of the
environment by moving their head and orienting with respect to constraints in the
new frame of reference. Such accident conditions include backing, change
lanes, and merging with other traffic. These failures to recognize actual conflicts
may be due to structural interference in the form of limitations to physical
movement of the head, but might also implicate peripheral vision deficits in
recognizing potential sources of threat in the environment (Allen, 1969). Of
course, this does not encompass all forms of accident configuration in which

older drivers show a disproportionally high representation (e.g, left-turns), so as
may be expected the answer as well as the question is clearly multi-dimensional.

2.9. Summary

When we attempt to distill performance principles from the aging literature
that will help us predict the actions of older drivers, there are at the present few
clues (Lauer, 1960). We have become progressively more aware of the
limitations of inferring capability from vision testing (cf., Briggs, 1987; Burg, 1968;
Burg & Hulbert, 1961; Owsley, 1990) and have rightly chosen to delve deeper
into the information processing sequence for additional clues. The ubiquitous
slowing with age, and the suggestion that older individuals live effectively in a
slightly different temporal world (Birren, 1955, 1960, 1964, 1965, 1970, 1974) is
a strong indication that functional synchronization is a key consideration in
evaluating maladaptive response (Hancock & Chignell, 1987). Evidence that
older individuals have problems in unusual or uncertain environments (Cerella,
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Poon. & Williams, 1980) but cope well with consistencies suggests that the

automatic and controlled information processing approach is an appropriate

framework for detailed experimental evaluation. The use of simulation provides a

bridge between laboratory-based artificial tasks and real-world driving that enables

context selective testing of specific performance hypotheses. It is to the types of

simulation currently available for this purpose, to which we now turn.
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3. TYPES OF SIMULATION

3.1. Preamble

There are a number of key issues with respect to simulation. The first and

foremost issue concerns the aim of simulation. With respect to driving simulation,
the primary question is why simulation is required? First, automobiles are relatively
inexpensive compared to the cost of many simulators and they provide the
ultimate test of on-road application without the intermediary step of experimental
simulation. Although controlled track facilities may be relatively rare, many simple
performance questions may be resolved in surrounds such as quiet suburban
streets. Clearly it follows that, the rationale for simulation must be firmly founded
before such expense is incurred. Broadly, simulators can be used for training,
testing, and experimental evaluation (Barron & Williges, 1975; Breidenbach,
Ciavarelli, & Sievers, 1986; Carroll, 1986; Carroll & Dwyer, 1986; Connolly,
Blackwell, & Lester, 1989; Reardon, Oliver, & Warren, 1987; Valverde, 1973;
Vreuls & Obermayer, 1985). Their relative use for each function is considered in
the sections below. However, we begin with a brief overview of simulator
composition and technology.

3.2. Simulator Composition and Technology

The illustration in Figure 3 provides a functional representation of most
components that appear across a wide spectrum of simulator types. A crucial
distinction in simulation is between fixed and moving-base simulation (see later
section on cost/benefit of simulator use). The central elements of a fixed based
system include a form of display generation, a display system for environmental
presentation, an input system from the human operator back to the display



26

generation system which, according to a prescribed set of algorithms, adjusts the

display system to the human operator inputs. Where the loop is closed, the

operator's actions directly affect the display. Where the loop remains open, as in a

whole class of simulators used in drivers education, the inputs of the driver have

little effect on the scene which subsequently appears.

The parts of the moving-based system generally include all those of the

fixed-base system as well as a motion platform. The motion platform and

necessary hydraulics generate pitch, yaw, and roll (6 degrees of freedom). The

axes of rotation may vary from system to system, naturally depending on whether

the environmental medium to be simulated is air, land or water. In addition, some

systems may include vibration synchronization into an audio system. Generally, a

complete vehicle simulator (moving-base) is controlled by a mainframe computer
which implements a set of desired algorithms specific to that system being
simulated. These implementations mimic the dynamic responses of a given
vehicle, monitor and respond to human operators control actions and instructor or
experimenter inputs, provide data on the researchers dependent variables of
interest, and provide computer image generation (CIG) for a visual simulation of
the external vehicle environment (Flexman & Stark, 1988).

The global simulation diagram in Figure 3, provides a conceptual
framework for later discussion of general simulator types (sections 3.2, 3.3, 3.4,
3.5) and cost/benefit analysis (section 4.6). The precise detailing of hardware and
software design and individual simulator dynamics is given in individual reports,
and numerous informative reviews and syntheses are available (see Flexman &
Stark, 1988). Simulators may be classified according to a general scheme which
differentiates them based upon differences in display technology.
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Figure 3. Block diagram of a generic driving simulator (Adapted from McLane &
Wierwille, 1975). The inclusion of certain elements such as a motion platform are
at the discretion of the individual researcher.
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3.3. Simulator Classification

Driving simulators can be nominally classified according to the display-

generating techniques used. While this classification structure casts light into the
seeming disarray of systems, a complete categorization is dependent upon the
state of the computer-based technical capabilities at any specific time. Wierwille
and Fung (1975) have suggested the following display classifications:

i.) Motion Picture Display Simulator (MPDS). Film taken on a roadway is
projected in some way for viewing by the driver/subject...

ii.) Closed Circuit TV-Terrain Model Display Simulator (TVDS). A large
terrain model with a miniature roadway system is used in this kind of
simulator. A movable TV camera and a television projector or monitor are
used to provide a visual scene...

iii.) Computer-Generated Display Simulator (CGDS). A computer is used
to generate signals that are applied as inputs to a computer display that is
viewed by the driver/subject. The image of the roadway and any other
environmental features are programmed on a computer...

iv.) Point-Ught-Source or Shadow Projection Display Simulator (PTSDS).
This type of simulator uses a fixed point-light source and a transparent
model. Light passing through the transparency is projected onto a
screen and is viewed by the driver/subject...

v.) Hypermedia Environment Generation System (HEGS). A computer
platform integrates multiple media sources. For example, a CD-ROM
provides digital sound, a laser disk generates the visual displays and a
hyper-based software program integrates the multiple media sources into
a driving environment for the driver...

In their research study, Wierwille and Fung (1975) compared MPDS and
CGDS and found that MPDS had advantages in cue richness, economy, and
content realism over CGDS. The last general category (HEGS) is representative of
the present technological direction. The relative efficiency and validity of each of
these systems has not been evaluated in part due to the quick evolution of the
underlying technology, but also due to the enormity of such an undertaking. The
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question of simulator validity will be addressed in section 4.2. We move now from
a general taxonomy of simulator types to a detailed consideration of simulator
systems.

3.4. Training Simulators

Flexman and Stark (1987) have suggested that training simulators are
more safe, economical, and convenient when compared to real world systems.
They identified six basic characteristics of training simulators which are:

i.) Firstly, synthetic in that controls and displays occur principally in an
artificial world rather than the actual operational environment.

ii.) Commonly, data storage, data processing, event dynamics, and
response to control inputs are mediated through computer-based
systems.

iii.) In training, the system dynamics and displayed events are of crucial
importance to that which the operator is expected to leam.

iv.) Fidelity is mediated by the quality of displays and controls.

v.) Training simulators can provide part or whole task representations
depending upon the system to be controlled and the skills to be
acquired.

vi.) Training simulators provide instructional control over the information
used in practice to facilitate the learning sequence.

These six characteristics, some of which are common to all simulation
facilities, have their origins in the history of simulation (Barron & Williges, 1975;
Flexman & Stark, 1988). Training was one of the first goals of simulation (Carroll,
1984). Typically, such training included combat skills where the early learner can
acquire experience with the concomitant danger of battle. This form of simulation
training is founded on the assumption of positive transfer (Knowles, 1985;
Johnson, Maddox, & Keil, 1984; Maddox, Johnson, & Frey, 1985). Positive



30

transfer is the degree to which skills generalize from one task and context to

another. So, in initial simulator training, the learning sequence is not directly

dependent upon environmental contingencies. In driving for example, a training

simulator might focus on skills such as manipulation of controls, e.g., steering
wheel, brake, etc. Particular emphasis would be given to coordination of control
activities such as the reciprocal use of clutch and accelerator in a manual
transmission automobile (Brackett & Koppa, 1988; Rogers & Wierwille, 1988).
The training simulator may be extended to deal with one or a limited number of
maneuvers in interaction with a relatively low fidelity display (Fowkes, 1984;
Franks, Casali, & Wierwille, 1988; Imbeau, Wierwille, Wolf, & Chun, 1989). Thus

specific skills such as merging could be overlearned because of the elevated

frequency with which they can be practiced in a controlled environment. Such

training facilities have a direct impact in helping the older driver, as is
subsequently discussed (Allen, Parseghian, & Van Valkenburgh, 1980; Cerella,

1989; Marsh, 1960; Mortimer, 1974; Mortimer, 1989; Mortimer & Fell, 1989;

Planek & Overend, 1973).

Few skills are totally dependent upon the constraints imposed by the

environment, similarly few skills are completely independent of the natural

context in which they occur. The training simulator is founded on the expectation
that part-task training is effective and that positive transfer occurs between
simulator acquired skills and subsequent actions in the real-world (Breidenbach,
Ciavarelli, & Sievers, 1986; Carroll & Dwyer, 1986; Carroll & Fitzpatrick, 1985;
Blaauw, 1982; Leonard & Wierwille, 1975; Repa, Leucht, & Wierwille, 1982;

Vreuls & Obermayer, 1985; Wierwille & Fung, 1975). For example, Baron and

Williges (1975) examined the transfer from driving training simulation to on-road

driving. They found that students with more simulation training in an open-loop

simulator system tended to perform slightly better in behind-the-wheel

performance than did subjects who performed less simulation work (6 hours vs. 3
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hours). Among the recommendations that they suggested is that subjects use a

closed-loop system in the driving simulator as opposed to an open loop system
so that the effects of movements, errors etc. are fed back to the learner, thereby
improving skill assimilation.

The degree of transfer from simulation to on-road performance has yet to
be fully tested with respect to the older driver (Yanik, 1989). An interesting
question is the level at which training should occur (Vreuls & Obermayer, 1985).
Training can be focused on management of the whole system, and in contrast to
this approach can focus upon the more microscopic components of activity
(Ciavarelli, 1986). These levels tend to co-vary with what Rasmussen (1983)
describes as rule versus knowledge-based activity, which are referred to in the
simulation realm as procedural versus systems training.

3.5. Procedural Versus Systems Training

Procedural training systems tend to use a minimal information approach in
which the basic steps necessary to learn or check out the system are presented
(Breodenbach, Ciavarelli, & Sievers, 1986). The control inputs by the learner are
directly reflected in trainers' displays. They can be relatively low cost, and tend to
foster algorithmic or rule-based response sequences in the learner (Weltman &
Thomas, 1980). Such training is usually most efficient in normal or stable states of
operation where no unforeseen events are encountered. Note that the type of
processing necessary is closely allied to the automatic response mentioned
earlier in which highly consistent information can be processed quickly and with
little use of limited human cognitive resources (McFarland, Tune, & Welford,
1964; Okum & Elias, 1977; Schaie & Gribben, 1975; Valverde, 1973). The
disadvantage of such a training approach is that there is subsequently a poor
response to emergency or unusual conditions which the training sequence failed
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to address. In respect to the older driver, the relatively low cost may seem

appealing, but it is not the automated type of driving actions which appear to
cause problems for the older driver. Therefore, procedural training seems more
important in the very early learning stages of car driving rather than in helping a
driver who has considerable experience but has developed other sources of
performance decrement (Birren & Bengstson, 1988; Cerrella, 1985;
Gottsdanker, 1982; Hardee, Dingus, & Wierwille, 1986; Levison, 1981; Mallery,
1987; Ranney & Gawron, 1987).

Systems trainers in contrast, tend to be more advanced. In particular,
there are efforts to add the richness of environmental context to enhance the
effectiveness of the training of a particular subsystem. Such an approach fosters
knowledge-based operations (Fowkes, 1984; Howell, 1972; Kantowitz,
Bortolussi, & Hart, 1987; Matthews, 1986; Muto & Wierwille, 1982; Planek &
Overend, 1973). That is, training includes elements of knowledge-based activity.
This form of training facilitates problem-solving capabilities that are of particular
use in unusual or transient conditions (Connolly, Blackwell, & Lester, 1989).
Thus, systems trainers are useful for higher level supervisory functions. In driving,
it is the enhancement of context that adds to simulation utility, and in general
promotes superior transfer to actual operational conditions (Kruk, Regan,
Beverly, & Longridge, 1983; Koonce & McCloy, 1980; Reardon, Oliver, &warren,
1987). It would appear that context (i.e., maneuver) specific systems training
would be a most valuable first step in training aging drivers.

3.6. Fixed Versus Moving-Base Simulators

One of the primary factors in the cost of simulation is the presence of a
motion-base. Typically, this platform uses a computer-linked hydraulic system to
generate motion consistent with the system under consideration (see Figure 3).
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In most moving-based systems it provides the critical onset cue that initiates
appropriate operator sensory response. In high-fidelity flight simulators numerous
augmented cues, such as safety belt tightening, and seat hydraulics can also
enhance the perception of reality. However, recent programming efforts suggest
that certain critical motion cues in driving, such as the dipping of the car on
braking, can be presented via the visual display and thereby circumventing the
need for expensive motion-base machinery.

This controversy continues within flight simulation and research centers
on the necessity of a system to provide physical kinesthetic motion cues to pilots
(Flach, Riccio, McMillan, & Warren, 1986). Results have been equivocal for a
variety of reasons (Koonce, 1979). Within the context of a research simulation
protocol, an extremely pertinent question which is rarely asked is what is the
salience of particular information in the environment-human-machine interaction.
The equivocal results of hydraulic motion cues within flight simulation points to
the overlap or redundancy in our sensory systems (Gibson, 1966, 1979). For
example, motion information is specified both perceptually and kinesthetically
(Frank, Casali, & Wierwille, 1988; Hettinger, Nolan, Kennedy, Berbaum,
Schnitzius, & Edinger, 1987). We are sensitive to both of these as cues for
integration into performance, the question is are both necessary in a simulator
environment? Unless kinesthetic information is not redundant in the visual
system the answer is probably no (Flach, Riccio, McMillan, & Warren, 1986). Of
course, this question becomes subservient to the higher order question of which
information is determined to be critical for driving. In general, we may conclude
that the use of a motion-base for behavioral research is an expense unlikely to be
justified. Only in exceptional circumstances, such as collaborative investigation
with design engineers operating on an already existing system, is motion-based
investigation liable to be possible anyway (see section 4.6 for cost/benefit
analysis).
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3.7. Future Driving Simulation Technology

In the review of allied literature sources, one intriguing application of
technology to driving simulation is tele-presence, which has it's origin in robotics.
Tele-presence or tele-experience are two terms which will undoubtedly enter our
crowded technological world of tomorrow. Such a scenario is similar to
manipulating the slaved controls of a robot behind glass except a person places
their face into a mask which blocks out all light and places their arms and legs into
interactive legs and arms. Such an interface would allow one to experience within
the helmet the vision associated with a scene while the arms and legs would allow
one to have a robot perform our identical motor movements in a car. An older
driver could be placed in this form of simulator which is really a visual and motor
window to a robot which is capable of mirroring our individual actions.

As most of us are generally, and sometimes painfully aware, reality is not
user friendly and such a possibility may or may not spark the imagination. From a
cost benefit perspective, however, the development and implementation of such
a tele-experience vehicle would probably occur in the surrounds of a test track. A
tele-experience simulator would allow us to test, experiment, and train the older
driver by literally being in two places at the same time. The technology for such a
system currently exists, but at present is only in use in association with space-
flight and advanced aviation operations.
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4. VALIDATION AND COST/BENEFIT OF SIMULATOR USE

4.1. General Considerations

Validity, assessment accuracy, cost effectiveness, and physical realism of

any simulator system are the primary selection parameters (Johnson & Maddox,
1984; Knowles, 1967; Segal, 1976; Sticha, Kennedy, & Goldberg, 1984;
Wierwille & Fung, 1975; Witt & Hoyos, 1976). The weight assigned to any given
parameter is determined through the analysis of the task to be simulated
(Bateman & Hottman, 1984). Choosing to develop a driving simulator is largely
contingent upon what one wants to do with it. In the context of assessing the
capabilities of older drivers, initial selection of a simulator is contingent upon the
provision of scenes which approximate problem maneuvers for older drivers while
providing sufficient information for action to the older driver. Further, these
scenarios must balance validity, assessment accuracy, and cost (McFarland,
Tune, & Welford, 1964; Planek & Overend, 1973). How each of these elements

trade-off is considered below.

4.2. Simulation Validation

Although considerable time and energy has been invested in the

development and implementation of many automobile simulations, considerably
less effort has gone into the fundamental question surrounding simulation
validity. Heydinger, Garrot, Christos, and Guenther (1990) define validity in
simulation as: "A computerized, mathematical model of a physical system, such as
a vehicle stability and control simulation, will be considered to be valid if, within
some specified and control simulation, operating range of a system, a simulation's
predictions of a system's responses to the same input(s) to within some specified
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level of accuracy." The specified level of accuracy, however, varies according to

implementation objectives. If only approximations of the real physical system are

needed, then less accuracy is needed in the validation and implementation of a
system. For example, higher frequency and non-linear inputs are difficult to
simulate in terms of input and output. A simulator design which carefully validates
steady-state driving and roughly approximates algorithms for higher-frequency
and non-linear inputs would approximate a real physical driving system.

The common theme linking successive generations of simulation
systems, aside from technological progression, appears to be this failure to
validate each system accurately. Heydiger, Garrot, Chirstos, and Guenther (1990)
questioned the validity of vehicle parameters measured in each of these
simulators: Highway Vehicle-Object Simulation Model (HVOSM, circa late 1960's),
Hybrid Computer Vehicle Handling Program (HVHP, circa, early 1970's),

Improved Hybrid Computer Vehicle Handling Program (IHVHP, circa, middle

1970's), Improved Digital Simulation Fully Comprehensive (IDSFC, circa 1979),

and Vehicle Dynamics Analysis Non-Lnear (VDANL, circa, mid-1980's) (Bohn &

Keenan, 1976, 1978). Heydiger and his colleagues proceed to generate a formal

simulator validation methodology. Their methodology is purported to be able to
distinguish the most appropriate simulation out of a group of simulators as well as

the ability to validate a variety of vehicle simulations. Heydiger and his co-workers
make the suggestion that, "the parameters used to describe the physical system
to a simulation be measured independently and not from the experiments that

obtain simulation validation data." Essentially then, simulation validation requires a
third step beyond system parameter identification and simulation instantiation.
This extemal validation adds to the costs of the system (Blaauw, 1982). Finally a

note of caution is offered by Vreuls and Obermayer (1985). They suggest that,
"Performance changes can be measured in a simulator, but only infrequently can
performance change in a simulator be related to the overall system effectiveness
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or real-world performance changes." (Vreuls & Obermayer, 1985). It logically

follows that simulation performance must ultimately be field verified.

4.3. Measurement Assessment and Accuracy

One measurement problem is the degradation of sets of driving stimuli

present within the simulator display and its effects on behavioral response. This
problem is that the perception of a degraded or imprecise world will yield like
approximations in the action emerging from such perception (Baron & Williges,
1975; Connolly, Blackwell, & Lester, 1989; Fowkes, 1984; Lee & Bussolari,

1989). The traditional manipulation of dependent parameters and inference as to

changes in internal state by solely observing output must always remain
problematic. Was the distortion of the information in the percept, the processing,
or the often overlooked response element that generated the "error" in a given
behavior. Much as we would like the human to behave predictably we
acknowledge the complexity and difficulty of understanding the behavior of a
highly non-linear system in a simulation facility. Therefore any degradation of
information in a simulated event will in turn affect the performance of the driver
placed within the confines of the simulator in unpredictable ways (Koonce, 1979;
Kruk, Regan, Beverly, & Longridge, 1983; Mallery, 1987; Valverde, 1973; Vreuls

& Obermayer, 1985). Therefore, it is fallacious to assume that action output
directly reflects perceptual input.

A second simulation measurement problem involves the inferential
process itself. External actions afford measures which in turn permit inference
about models of inputs, processes, and outputs. Major or minor actions or no
action at all are attributed to processes which seem to fit contemporary
processing models. The measures of a persons performance in a simulator
system are difficult to absolutely attribute to an individuals knowledge, skill or
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cognitive processes. Vreuls and Obermayer (1985) characterize this particular

measurement problem further, "Any particular measure or set of measures is
indirect for most purposes, taps only a small sample of the internal processes, and
must make inferences about human processes that are confounded by their
interaction with the specific characteristics of the simulation. Often, measures
selected are specific to the task and the situation, and, conversely, are not
generalizable." It is these questions that must be answered with particular
reference to the older driver. Each argue for a fundamental analysis of the driving
task in general.

4.4. Simulation Sickness

There are many useful applications of driving simulators in training,

selection, performance assessment, research, and system design. It is important,

therefore, to determine potential limitations to this utility. One such limitation is
simulator sickness (Hettinger, Nolan, Kennedy, Berbaum, Schnitzius, & Edinger,
1987; Uliano, Kennedy, & Lambert, 1986; Ungs, 1987). As Leonard and

Wierwille (1975) have pointed out, a nausea-inducing simulator cannot be relied

upon to yield accurate and valid human response data so the cause of simulator

sickness need to be identified and eliminated in the design stage. Residual

symptoms of 'simulator sickness' including disorientation, increased perspiration,

altered heart and respiration rate, dizziness, pallor, and even nausea and vomiting
have been exhibited by subject drivers in both fixed and moving-base simulators
(Casal & Wierwille, 1980).

Although the precise etiology of simulator sickness is not known, it is
believed to result from a conflict or mismatch among sensory cues. This premise,
known as the perceptual conflict theory, postulates a referencing function in
which motion information, signaled by the eyes, vestibular apparatus, or the



39

proprioceptors, is at variance with these inputs expected values (Reason &

Brand, 1975). In general, the wider the field of view the greater the chance for
cueing conflict to occur. There is then a potential trade-off between the needs of
fidelity and the configuration which may promote simulation sickness. In the
context of simulation design some general guidelines formulated for the removal
of simulator sickness in fixed base driving simulators suggests the following:
simulator designs should avoid: rotation of the platform to simulate translation,
delay in the system dynamics, and complete enclosure of subjects (Casali &
Wierwille, 1980).

4.5. Simulation Fidelity

Fidelity is the parameter of realism (Carter & Laughery, 1985; Segal,
1976; Sticha, Knerr, & Goldberg, 1984). The degree of fidelity measures how
well a simulator creates or recreates a real world environment (Allen & Jex, 1980;
Rogers & Wierwille, 1988; Valverde, 1973). Absolute realism is difficult,
expensive and nearly impossible to generate. Successively closer
approximations of the real world yield fewer and fewer returns for the dollar spent
at the high end of the cost effectiveness/realism curve. This is an important
principle in simulation. As most forms of simulation are used to simplify and
economize compared to the real system, simulations which exceed the cost of
the real-world system must be carefully justified (Bateman & Hottman, 1984;
Weltman & Thomas, 1980). With its history in aviation, where the relative cost of
simulation rarely exceeds the actual aircraft, this has not often been the case.
However, in driving simulation, cost/effectivity of simulation versus use of the
actual automobile is a key consideration (Blaauw, 1982). A simulation of reality will
only be accurate over a certain range of its operating capability, and less capability
generally corresponds to less overall simulation fidelity.
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4.6. Simulator Types and Cost

In Figure 4 we have presented a cost and fidelity estimate of four differing

types of possible driving simulators. These range from the PC-based system at

the lower end of the scale to a full motion-based system at the upper. The first
simulator represents the low end of the scale. Typically, such a PC-based system
would be restricted in the type of graphics it could display. Without an
incorporated graphics engine, PC systems currently do not have the
computational power to generate real-time complex scenes. Further, the ability to
interface multiple controls and record numerous driver responses is limited by
storage size and bus configuration. Having said this, there are an increasing
number of video-game type simulations that are becoming rapidly more
sophisticated in their scene display and control capability. For the experimenter,
the inability to access source code is often an obstruction to measuring a number
of responses of interest. However, for the trainer and evaluator, if such systems
are purpose-built, access to such information is not as vital.

The tool for experimental research is represented in Figure 4 as simulator
number 2. This simulator system is built around a fast micro-based system such as
a 386 or 486 machine. The addition of a graphics engine and large data storage
size allows the experimenter to control the presented scene via software
configuration. The scene itself is good representation of the real-world, and with
the enhancement of interactive video-graphics can be actually taken from real-
world scenes. Combinations of such display characteristics allow a real world
background with a controllable presentation of other vehicles, obstructions, or
factors of interest. In addition, when housed in an automobile shell with large

scale display systems, the software can be configured to substitute for certain
motion cues. It is this form of system that we have assembled at the University of
Minnesota.
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Simulator type 3 is a motion-based system. The simple presence of a
motion base does not assure superior simulation. Indeed, considerable effort
must be associated with the integration of the motion and display demands. Even
greater efforts on behalf of the researcher is required to assure a consistent and
veridical simulation environment for such a system. Motion is necessary where
motion is a large component of the real system. For the automobile there is a
greater rationale for such motion compared to fixed system simulations, such as
nuclear power plants. However, at the present the presence of motion solely for
the purpose of behavioral evaluation is difficult to justify. The final simulator type,
number 4, is the kind of facility that is only affordable by very large Corporations or
National bodies. It represents the approximate cost of a full motion base system,
as generated in the European Prometheus program. As a National facility, the
investment of a multi-million dollar project demands multiple uses. For example,
such a motion system could be used for testing vehicle dynamics while at the
same time evaluating driver response to unusual conditions (Garrot & Scott,
1980). There are few of these facilities world-wide, and surprisingly few in the
United States. There are current plans for such a simulator, but the citing of such
a facility is, as might be expected, the subject of some controversy at the present.
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5. USE OF SIMULATION FOR THE OLDER DRIVER

5.1. Training

The principal impetus for training older drivers is to maintain their skills in
order to retain a driving license (American Optometric Association, 1981; Hales,
1982). In addition to this function, older drivers can benefit from simulation in
which they can be presented driving conditions which they normally tend to avoid
(Kruk, Regan, Beverly, & Longridge, 1983; Reardon, Oliver, & Warren, 1987).
So, the older driver can be re-familiarized with conditions such as night-time
driving, and can be trained to cope with many of the situations which usually
cause them problems (e.g. lefthand turns) (Valverde, 1973; Vreuls & Obermayer,
1985). The natural benefit of a training simulator in this case is that specific skills
can be practiced in safe conditions until a satisfactory proficiency level is reached
(Adrion, 1986; Allen & Jex, 1980; Baron & Williges, 1975; Marcus & Curran,
1983; Weltman & Thomas, 1980) Once a skill is remastered, it can be re-
integrated into the overall driving repertoire (McFarland, Tune, & Welford, 1964).
The training simulator provides the chance to engage in specific actions
repeatedly, and thus engage in many trials in a short period. When on the road,
for example, an elderly driver does not have the opportunity to do a dozen or
more left hand turns in a short space of time, and indeed on-road driving is not for

this purpose (Connolly, Blackwell, & Lester 1989).

Currently nineteen states provide re-education programs for the elderly
driver (Knouse,1988). The use relative inexpensive, low-fidelity training
simulators is a viable option for such programs (Carroll & Fitzpatrick, 1986; Carter
& Laughery, 1985). One particular advantage in training night-time driving is the
lower cost of the visual display (Frank, Casali, & Wierwille, 1988; Hayes,
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Kurokawa, & Wierwille, 1989; Imbeau, Wierwille, Wolf, & Chun, 1989). Simple
point-light source simulators are well within the reach of mid-range Personal
Computer (PC) power at the present time. Further, a number of arcade game
manufacturers have generated driving simulators of quite high fidelity. Although

purpose-built as a game, these systems are driver interactive, they do provide

high level video graphics, and with minor alterations principally to the software

they could provide useful training simulators. Finally, the PC market has

generated a number of low-level simulations for use with PC's. Their utility in
helping train older drivers is at the present unknown and should therefore be a
topic of experimental investigation.

5.2. Testing and Evaluation

Eventually, it should be envisaged that all drivers can be'screened for
competence using relatively simple fixed-based computer simulation (Allen,
Parseghian, & Van Valkenburgh, 1980; Koonce, 1979). This test may be
composed of elements that make up the present on-road evaluation. Scores
derived from the simulation and other components of a test battery would
compose a competence score based upon which, pass, fail, and further
evaluation may be recommended. One immediate ramification of poor scores in

the simulation element might be mandatory testing with a human evaluator in real-
world conditions as now exist. But as pointed out by Waller and others, human
evaluators can differ widely in their criteria for acceptable performance. With the
simulator, such inconsistencies can be excised by use of consistent algorithms
for assessment (Breidenbach, Ciavarelli, & Sievers, 1986; Fergeson, Clement, &
Cleveland, 1985). So, deviation scores in RMS error, plus latencies and error
scores in choice reaction situations could be combined as a competence score
and remain consistent across evaluative sites either side of the country.
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Simulators for testing should have a high degree of face validity. If the

goal is simple competence testing of sub-components of the driving task, then an
artificial compensatory tracking task and a visual choice reaction time task may
provide diagnostic information. But, the validity of such testing simulations have
to be accepted by the public (Blaauw, 1982; Johnson, Maddox, & Kiel, 1984;
Koonce, 1979; Leonard & Wierwille, 1975). Quite rightly, they may object that the

speed of a button press has little to do with car driving. Thus simulation can help
answer the question of acceptance. More importantly, individuals are right in
questioning the present state of knowledge in extrapolating performance in a
complex skill, e.g., driving, from efficiency on any sub-component such as
reaction time. Without a thorough, theory-based, task analysis of driving itself
such inferences have yet to be justified.

5.3. Experimental Research

It is perhaps in the realm of experimental enquiry that simulation facilities
can generate their greatest benefit. Until the advent of high-speed processing on
systems of mini and micro-computer size, the world of simulation was essentially
closed to all but a few behavioral investigators. Even the few exceptions (e.g.,
Allen & Jex, 1980; Wierwille & Fung, 1975). generally used simulators of their
own construction. High-fidelity moving-based simulation was the domain of the
design engineers (Vreuls & Obermeyer, 1985; Heydiger, Garrot, Christos, &
Guenther, 1990) whose concerns were principally for the vehicle dynamics rather
than the driver response. Paradoxically, at the very time when such simulation
facilities are becoming available to the behavioral scientist, the critical role of driver
capability is becoming explicitly recognized by the engineering community.

Simulation is, at the present, an inexact science. While simulation
assembly requires considerable technical expertise and computer support, there
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is essentially little information as to which specific components of simulation are
essential for answering which specific questions (Allen & Jex, 1980; Bateman &
Hottman, 1984; Flexman & Stark, 1988; Fowkes, 1984; Harris & Christhilf, 1980).
Indeed, several questions which pertain to the older driver, e.g., backing, have
received fairly sparse simulation attention (Baron & Williges, 1975; Blaauw, 1982;
Reardon, Oliver, & Warren, 1987). Moving-based simulators are expensive and at
present need strong justification with respect to their use in driver assessment.
Indeed, reasonable fidelity visual simulation can be configured, via software
manipulation, to provide a number of substitute kinesthetic cues, such as a slight
dipping during a braking sequence (Johnson, Maddox, & Kiel, 1984). The major
question in fixed-based simulation is the fidelity of the visual display (Wierwille &
Fung, 1975). Cost and fidelity generally follow each other, as both the cost of
software and projection hardware increase with scene complexity and fluidity
(Frank, Casali, & Wierwille, 1988). Also, the degree of interactive autonomy adds
to cost. At present, video-graphics are somewhat restricted, in that the driver has
to follow the path dictated by the stored representation. However, developments
in interactive video-graphics suggest that soon subjects may be able to control
car direction (Frank, Casali, & Wierwille, 1988; Wierwille & Fung, 1975). The
development of such a tool would provide a high-fidelity interactive experimental
package which could be reproduced for numerous researchers at relatively low
cost (Weltman & Thomas, 1980). Essentially the cost is bound up with the
complexities of video-disk creation in anticipating each possible direction at
points of choice in a roadway system.
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address the question as to whether the generalized slowing with age is the key

factor in these problems.

Further. simulation may be used to distinguish key cues used by superior

drivers to avoid problem situations. Distillation of these cues could then

incorporated into training curricula to promote improved response for all drivers.

This transfer would be especially valuable in training individuals to respond to

unusual or emergency conditions in which the normal driver is liable to receive

little practice. Such remedial training in simulation facilities may allow a

considerably recovery of mobility in the elderly by familiarizing them with

conditions which they typically avoid, e.g., night driving. Further, the differing use

of information from optical flow fields by drivers of differing age and expertise may

help explain the failures associated with maneuvers such as merging and lane

changing (and see Gibson & Crooks, 1938). Again, identification during

experimental research can lead to the establishment of synthetic screening tests
for these incapacities which can then be ameliorated by human factors

engineering and improvement of capability in training programs. Each of these

question are important, and can be appropriately addressed through the use of

simulators of the type suggested here.
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6. SUMMARY AND RECOMMENDATIONS

Simulation has an important role to play in training, evaluating, and

researching the problems and practices of older drivers. However, simulation

alone is insufficient to accomplish many of the goals associated with promoting

the safety and mobility of the older members of society. Consequently, simulation

should be viewed as one major tool among a battery of instruments through

which to secure required information. Simulation in training can be a relatively

inexpensive avenue through which to engage in skill assimilation. With identified
and targeted deficiencies in the skills of older drivers such simulation can prove a
cost effective method of collision and injury reduction. However, as with all
simulation the final validation comes with transfer to the real world. Those electing
to use simulation should strongly advised to assess the transfer from their
particular system to the real-world condition.

Simulation has a decisive role to play in testing drivers. It can provide a
quick and inexpensive screening tool for assessment. Such forms of simulation
need high face validity for the purpose of general acceptance by those being
tested. Further, while the simulation might provide the first and primary form of
screening, it should be accompanied by allied procedures that can be used to
cross validate the efficacy of actual simulations employed. In the granting or denial
of licensure, the on-road performance of the individual should in most cases form
the ultimate decisional tool, and should be generally used in cases where
potential dispute may occur.

Simulation is an invaluable tool to the researcher. The ability to
manipulate an artificial world is vital in the search for answers to key questions.
Individuals can be exposed safely and repetitively to unusual and accident likely
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circumstances which rarely occur in the real-world and are accompanied there by

the concomitant risk. The experimenter can be repetitious and incremental in the

artificial world, and so explore the problem space slowly and methodically, a

process denied to them in the real-world. However, the use of simulation alone is

fraught with problems. Principal among which is question of fidelity and
subsequent transfer. Ideally, any experimental work conducted in simulation
should be validated in subsequent on-road testing.

Simulation is important to the researcher in that it makes the investigator
ask pointed questions. Quite simply the form of the question often dictates the
structure of simulation. Until recently, with the advent of low-cost computer-
generated graphics, the questions of concem to the behavioral scientist were
largely beyond the resources directed to such research. However, contemporary
developments mean that the widespread use of simulation is now feasible in such
research. Further, the cost of simulation effectively decreases with the number of
researchers in the area who are able to bear the communal cost of expenses such
as software development. Finally, the use of "game" simulations should not be
neglected. Development of these "games" are often quite expensive and born
by the development company. Such is their fidelity that they provide a real
alternative to individual simulations, particularly where some joint efforts between
researcher and company may be generated. In light of these summarizing
remarks, we have made a number of recommendations.

6.1 Recommendations for Simulation

i) If simulation costs more than the real system, then a solid rationale must
be established for developing such a system.

ii) The constructed form of any simulation is critically dependent upon the
goal of that simulation. Therefore, the clear statement of the goals should
precede construction.
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iii) Simulation cost depends principally on fidelity. Fidelity is not always
the chief criteria in answering any particular question. Therefore, cost
must be weighed against the goal of simulation.

iv) Simulation should used as a component of a battery of methods. While
it may be the principle component, cross-validation is recommended.

v) The ultimate validation is with the real-world performance. This transfer
must be established for each simulation system.

6.2 General Recommendations:

i) Numerous recent observations attest to the simple fact that as yet we
have insufficient descriptive and observational data on the behavior and
capabilities of the older driver in general. More mature assessment of key
problems can only emerge from a strong empirical database. The present
sparse observations are clearly insufficient in this respect.

ii) There must be a more careful division of the body which constitutes
older drivers. Their chronological age is a poor differentiate. It is
ubiquitously recognized that chronological aging does not equate with
functional impairment. Yet a metric such as "functional age equivalency"
has not been established. Work is not only need to establish such a
measure but also to relate it to on-road driving capability.

iii) We need a clear descriptive (task analytic) analysis of the driving task.
Further, we need a dynamic, theory-based structure of such context
specific actions.

iv) Environmental constraints on the task of driving need to be
distinguished to promote ecologically valid verification of experiments
performed in laboratory situations.

v) Accomplishment of some of these major aims can only be achieved by
broad-based investigations combining different techniques and
disciplines framed within an overall systems approach. Such problems as
face the older driver are unlikely to fall to discrete piecemeal efforts.
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