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PREFACE

Shortly after the turn of the century the number of elderly people, and specifically
elderly drivers, is expected to increase dramatically. This will be due in great part to
aging of the large "baby boomer" cohort, increasing longevity, and increasing
percentages of licensed drivers in succeeding age cohorts. This may be seen as a
problem, because aging is of course associated with an increased incidence of "normal”
and pathological impairments relevant to driving. But to date the elderly driver group,
as a whole, has maintained a relatively low rate of motor vehicle accidents over any
given time period, probably due to primarily health- or self-imposed limitations of risk
exposure which have kept the group from posing a threat to society in general.

Nevertheless, contemplating substantial increases in the number and percentage of
elderly drivers on the road—some of them sufficiently cognitively impaired not to be
aware of their limitations or able to compensate behaviorally for them—many writers
have expressed their concern that the group at some point will constitute a societal
threat. Others have expressed concern that limiting the driving of the group to reduce
any threat to themselves or others will unavoidably limit the mobility of elderly
persons. In response to these concerns, and to a congressional request, the
Transportation Research Board published in 1988 their Special Report 218, entitled
Transportation in an Aging Society: Improving Mobility and Safety for Older Persons. This
landmark document recommends, among other things, a graduated licensing system
for elderly drivers—that is, a way of reaching a compromise between mobility and
safety needs through the use of license conditions. Such a system is particularly needed
in the case of the medically impaired elderly driver, and it is this group with which the
present project is concerned.

Some segments of the medically impaired elderly-driver population cause special
concern. These are drivers suffering from dementia. Another group who may not
generally drive but may be at greatly enhanced crash risk when they do are the "frail
elderly"—those who are affected by a number of possibly interacting medical
impairments, of a severity that may significantly impede usual activities of daily living.
These critically impaired segments of the elderly population will increase in number,
and it becomes important for driver licensing agencies to have valid methods to
identify them for the purpose of regulating or even disallowing their driving.
Development of such methods is one goal of the present project. That project, of which
this volume is the literature review, is proceeding under Cooperative Agreement
Number DTNH22-93-Y-05330, Evaluating Drivers with Dementia or Age-Related Frailty. It
is a joint effort of the United State Department of Transportation's National Highway
Traffic Safety Administration and the California Department of Motor Vehicles to
develop a model system for identifying and assessing drivers with age-related
limitations, particularly those of dementia and what we have called frailty. The author
is principal investigator on the project.

One outcome of this project will be a suggested assessment system. It is expected to be
no easy task to identify and design truly useful assessment tools, due to our generally
sketchy information regarding the types of functional driving impairments associated
with serious age-related medical conditions and how they operate to impair
performance. Other considerations must be the levels of severity of functional
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impairments at which they can be considered critical in terms of crash risk, and the
types of assessment instruments able to measure most validly those functional
impairments—including their severity levels and individual drivers' abilities to
realistically accept and cope with them through reducing their driving risk.

In addition to an assessment system, once valid instruments are identified it is necessary
for licensing agencies to have available to them a procedural system of dealing with
critically impaired elderly drivers in which the medical community, the rehabilitation
community, courts, law enforcement, and the driver's family or close associates may
play key roles. A second outcome of this project will be a suggested procedural system,
incorporating graduated licensing in some form.

The present document is a necessarily limited overview of the voluminous literature on
normal impairments of aging, medical conditions of the elderly, assessment
instruments, and programs dealing with elderly drivers. It is designed to provide a
background and set the stage for the broader project which, it is hoped, will result in an
assessment/treatment system that will benefit the public by reducing to an acceptable
level impaired elderly drivers' risk to others and concurrently maximizing, subject to
this constraint, their needed mobility.
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EXECUTIVE SUMMARY

This document is the literature review for a project conducted pursuant to a
cooperative agreement between the California Department of Motor Vehicles (DMV)
and the National Highway Traffic Safety Administration (DTNH22-93-Y-05330),
Evaluating Drivers with Dementia or Age-Related Frailty. The thrust of the project
under this agreement is to identify or develop a test battery suitable for licensing
agency assessment of drivers with aging-related limitations, particularly those
impaired by dementia or by a combination of other age-related diseases (frailty).

This document is a necessarily limited overview of the voluminous literature on
normal impairments of aging as they affect driving, medical conditions more typical of
the elderly and the effects of these on driving, and assessment instruments
(nondriving and driving tests) that might be considered for a test battery. It also
describes programs in various jurisdictions which deal with elderly drivers, and offers
suggestions for a three-tier assessment system which might be used by licensing
agencies to (1) identify drivers with possibly driving-related impairments (first tier),
(2) assess those identified further, to estimate the degree to which any impairments
would be likely to affect driving (second tier), and (3) test their on-road driving
performance in a standardized manner (third tier).

To accomplish this, the literature review is divided into six parts. Part 1 is
introductory. It describes “normal” age-related physiologically based changes that
are relevant to driving, as well as giving a brief overview of older persons’ travel
patterns, their driving self-restriction (“compensation”) or cessation, and the
aggregate driving record (crashes or traffic convictions) of older drivers as a group.
Part 2 then considers specific disease conditions which show a greater incidence as
age increases and may impair driving. The conditions discussed, in addition to
dementia, are cardiovascular, cerebrovascular (primarily stroke), visual (e.g.,
cataracts, glaucoma), diabetes mellitus, arthritis and, finally, the effect of
medications for these and other disease conditions, which themselves can impact
driving. As each condition is discussed its general effects are described, and then
studies relating to its specific effects on driving ability are reviewed. Conditions for
which evidence of a negative effect on driving ability seems clearest include some
diseases of the ocular system (e.g., “senile” [age-related] macular degeneration) and
dementia. In other conditions, the implications for driving are a function of many
variables, such as the severity of the condition, its etiology, the conditions of the
affected individual’s driving, and the feasibility of avoiding driving situations that are
too challenging.

iii
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Parts 3 and 4 are concerned with assessment instruments, nondriving and driving
respectively. Nondriving tests are extremely abundant and fall into overlapping
categories, but an attempt at classifying them was made in Part 3. That section of
the review describes tests of relatively simple sensory/perceptual functions like
visual acuity and contrast sensitivity; tests of more complex perceptual/cognitive
functions like visuospatial skills, memory, and attentional abilities (selective
attention, divided attention, etc.); tests of hazard perception, many of which involve
simulators; scales for evaluating dementia severity; batteries which challenge many
different abilities and, finally, tests of psychomotor functions such as ocular pursuit
and eye-hand coordination.

Part 4 describes several different types of road tests developed through research,
elements from many of which have been adopted over the years by licensing
agencies. In addition Part 4 describes some tests meant to be administered on a
driving range or some other protected environment; these can more readily include
challenging situations that have been set up in advance to which the driver’s
response is measured, and have sometimes been used to study drivers with dementia
or to determine the competence of drivers to be tested in traffic on the road. Variants
of road tests, like the Special Drive Test formerly given in California and tests
requiring the driver to find a destination were also discussed. In the pilot-testing
phase of the present project, to be described in another volume, a destination task will
be used on the criterion road test and some elements of the Special Drive Test will be
adapted for use in another (“area”) road test to be administered to all subjects in their
home neighborhoods.

Jurisdictional programs—in California, Oregon, Washington, North Carolina, Illinois,
Pennsylvania, and Victoria, Australia—and licensing provisions for elderly drivers are
described in Part 5. Also discussed, among other topics, are guidelines and a
conceptual model for a graded (graduated) licensing program, an Ohio program by
means of which courts can refer elderly persons whose driving abilities are in doubt to
an assessment program at Ohio State University, the role of the Driver
Rehabilitation Specialist in Louisiana, and the physician’s role vis-a-vis the older
driver.

Conclusions and a discussion, including introduction of a model for a three-tier
assessment system, are presented in Part 6. It is concluded that the most important
sensory declines with “normal” aging in terms of driving ability are visual, including
narrowing of the sensory visual field, impaired detection of angular motion—a
particular problem when making left turns in the face of oncoming traffic—and
declining contrast sensitivity, which impairs night driving and also affects driving in
bad weather, since lane markings become difficult to see. The most important
perceptual/cognitive defects that tend to come in the course of normal aging appear
to be narrowing of the attentional visual field—i.e., when the attention is focused on a
task at the fovea events in the peripheral field may not be perceived—and increasing
slowness of information processing. Motor abilities also decline, but of these
oculomotor functioning, necessary for scanning the traffic scene, is probably the most
important for driving.

iv
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Disease conditions become more prevalent with age, and of these Alzheimer’s disease
is a particular threat to safe driving, since adequate response to critical driving
incidents and effective use of compensatory strategies depend on a healthy brain.
There is much evidence in the literature for increased crash risk of Alzheimer
patients. Other conditions affecting the brain—for example, stroke and Parkinson’s
disease—may also affect driving competence severely, but their manifestations are
more variable and many patients retain the ability to drive safely. Almost as
important to driving as cognition is adequate vision, and conditions that effectively
render the patient blind are without question incompatible with driving. Evidence
regarding the other conditions discussed in this review appears mixed, and as
mentioned above the severity of the condition for driving depends on many factors.

Probably the main thrust of effort in testing for driving safety-related competencies
in the elderly should be identification of critical visual/perceptual and cognitive
defects. In the pilot-testing phase of this study, tests calling on both of these
functions (most often a combination of them) will be administered.

It was mentioned above that a model for an elderly driver assessment system is
presented in Part 6. The system includes testing, providing informational material
and feedback regarding individual test performance, and also providing counseling
assistance, something particularly important for drivers who should no longer drive
but also important for those who should be educated to avoid certain types of driving
situations.  Possible eventual outcomes of the assessment process include
unrestricted licensure, imposition of license restrictions, restricting the license term
to less than its usual period, requiring periodic reexaminations, making referrals for
retraining or remediation and, suspension or revocation of the driving privilege if
nothing less stringent can bring about safety for the driver and other road users.

Appendices to the review present guidelines for evaluating drivers with dementia used
by the DMV, and forms used by physicians to evaluate drivers with a variety of
medical conditions and by members of the public to request a review of the driving
qualifications of persons suspected of having dementia.
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criterion. This contrasted with results for young observers and those aged 60-64, who
passed at a rate of almost 77%. At 0.78 cd/m2, within the average night-driving
range, no one over age 65 was able to reach criterion.

The 20/40 criterion, as Sturr et al. (1990) realized, is the one most commonly used by
licensing agencies in their acuity testing. They suggested that 65 may be the critical
average age after which visual acuity becomes significantly poorer under conditions
of reduced illumination. (The validity of their conclusion, of course, depends upon the
representativeness of their sample.) Noting the frequently made assertion that most
elderly persons give up driving at night when seeing becomes difficult for them, Sturr
et al. nevertheless felt that their results supported the idea of requiring older drivers
to pass a low-luminance visual acuity examination for driver licensing, and/or to
visually screen them more frequently in order to detect impairment earlier. Screening
for dynamic acuity was suggested as well, on the basis of research by Burg (1971)
and other investigators. Also, because of much research indicating significant age-
related declines in both static and dynamic contrast sensitivity (e.g., Owsley, Sekuler,
& Siemsen, 1983; Scialfa, Garvey, Gish, Deering, Leibowitz, & Goebel,
1988)—especially, in the case of static contrast sensitivity, under low levels of
illumination (Sloane, Owsley, & Alvarez, 1988)—Sturr et al. recommended a battery
of static and dynamic contrast sensitivity measures under both high and low
illumination.

Retchin, Cox, Fox, and Irwin (1988) reported that the horizontal visual field typically
drops from 170 degrees in a young adult to 140 degrees by age 50. Constricted visual
fields have been associated with crashes (Johnson & Keltner, 1983); this will be
discussed below. Older adults, in comparison with young people, also show shrinkage
of the useful or functional visual field, as noted in a review by Owsley and Ball (1993).
The useful visual field or "useful field of view" (UFOV) will be defined and described
more fully below; it may be considered more a cognitive capacity than a sensory one,
and deficits in UFOV capacity have been related to crash experience in elderly drivers
(Owsley, Ball, Sloane, Roenker, & Bruni, 1991; Ball, Owsley, Sloane, Roenker, &
Bruni, in press).

Owsley and Ball (1993) discussed in their review decreases with aging in visual
functions such as visual acuity, contrast sensitivity—particularly, as we have seen,
at lower light levels—visual field sensitivity, adaptation to different levels of
illumination, depth perception, and resistance to glare. Some of these impairments,
they noted, are attributable to changes in the optical system itself—but others, such
as the impairment in visual field sensitivity, are likely to have a neural basis. Owsley
and Ball emphasized, however, that there are wide individual differences in the visual
capabilities of older adults, and that most studies on vision and aging have been
cross-sectional in nature and thus not definitive regarding the changes that occur in
individuals during their lifetime. Finally, from the standpoint of assessment they
stated that although defects in a specific visual function may be prevalent among
older adults, this does not necessarily mean that testing this function will successfully
identify those with driving difficulties or crashes. (It may be, for example, that
individuals with a certain severity of impairment tend to give up driving altogether or
driving under certain conditions, and evidence bearing on this appears below.)
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Part of the traffic violation and accident experience of the elderly may be attributable
to basic visuoperceptual decrements which impair the detection and interpretation of
highway signs. It is known that declines in acuity as well as reduced sensitivity to
contrast can slow elders' reactions to traffic signals, signs, and other visual stimuli
(Allen, 1985). Staplin et al. (1987) pointed out that increasing driver age, when
combined with greater numbers of signs and higher background complexity, leads to
increasing error rates in the recognition and identification of traffic signs. It has been
recommended that the current Manual of Uniform Traffic Control Devices (MUTCD)
standard, specifying a legibility of 50 feet per 1 inch of letter height, be adjusted to 26
feet per 1 inch to accommodate the elderly (Gordon, McGee, and Hooper, 1984; cited
in Staplin et al.). In fact, Kline (1991) noted that the design standard is only barely
adequate for young observers with excellent acuity under daylight conditions. At
dusk, Kline stated, a young observer with 20/40 acuity would require letters at least
twice as large as the standard currently used to read a sign 50 feet away.

Nighttime legibility of signs, as might be expected, is a particular problem for elderly
drivers. Sivak, Olson, and Pastalan (1981) reported that the elderly are much worse
than the young in reading signs at night. Even when matched on high-luminance
visual acuity, elders' legibility distances were only 65-75% of those for younger people.
Further studies by the same researchers suggested that this decrement is the result
of sensory deficits rather than information-processing ones. However, decrements in
detecting the presence of a sign amidst a background of clutter more clearly relate to
cognitive declines, which are discussed below.

Schieber (1988) has discussed the relationship between contrast sensitivity and
driving performance. A particularly relevant study, he claimed, was that of Evans
and Ginsburg (1985), in which the relationship between the contrast sensitivity
function measured by means of sinusoidal gratings and the ability to detect highway
signs was examined in 13 younger (ages 19-30) and 7 older (ages 55-79) subjects, all
with good visual acuity. Age-related declines in detection were apparent, and these
declines were predictable from concomitant declines in contrast sensitivity, the
younger group being significantly more sensitive than the older group at 3, 6, and 12
cycles per degree (cpd). Three cpd is approximately the point of maximum sensitivity
according to Arden (1978). Owsley, Sekuler, and Siemsen (1983) reported a decrease
in sensitivity at higher spatial frequencies beginning around ages 40 to 50.
Sensitivity losses become more severe with increasing age , and by the 60s the peak
of the contrast sensitivity function has shifted from 4 to 2 cpd, they wrote. A second
finding reported in their paper concerns temporal modulation. Gratings of low spatial
frequency generally become easier to see when they are modulated temporally—that
IS, when they are in motion or flickering. Owsley et al. examined temporal modulation
as a function of age, finding that the motion enhancement of contrast sensitivity was
markedly diminished in subjects over the age of 60 relative to younger ones,
particularly at faster rates of motion. Even at relatively advanced ages there was
still some enhancement, but not as much for the old as for the young. This finding
appears to have implications for the detection of large moving objects of low contrast
in a driving situation. Subjects in the Owsley et al. study had been screened for good
ocular health, so the age-related differences reported were not attributable to visual
pathology.
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Kettles, Kline, and Schieber (1990), as reported by Kline (1991), evaluated the utility
of the contrast sensitivity function for predicting the maximum visibility distance (or
minimum size) of visual pictorial displays whose spatial frequency content was varied
systematically. Comparing the sign-reading performance of subjects representing
three age groups (18 young, 18 middle-aged, and 18 elderly), they found that the best
measure for predicting sign visibility was the high spatial-frequency cutoff at one-half
peak sensitivity. This measure accounted for 41% of the variance among age-group
differences with respect to visibility distance. (Visual acuity, in contrast, accounted
for only 6% of the variance.) In agreement with the findings of Owsley et al. (1983),
there was a disproportionate loss in contrast sensitivity for the elderly group at
higher spatial frequencies, with the greatest reductions in visibility distance seen for
signs of four cycles per degree or more. It was concluded that signs which emphasize
low spatial frequencies (large features), especially in their critical details, are the
most effective for drivers in general, but particularly for elderly ones.

Declines in complex perceptual and cognitive functions. Perhaps the most robust
finding in the literature of aging is the slowing of performance with age. The aim of
several early investigations was to identify the locus of this slowing as central or
peripheral. = Crossman and Szafran (1956), testing subjects from ages of
approximately 20 through 80 on card sorting and weight discrimination tasks, found
that when a choice or decision was to be made, a constant time per task which
increased with age was added to the "normal” choice time. The processing delay thus
appeared to the authors to be central rather than peripheral. Other authors (e.g.,
Birren, 1965; Chown, 1961) have also suggested that the limitation on speed with age
most importantly involves association time and the time to select (rather than
perform) appropriate responses. Cummings and Benson (1983) agreed that the
slowing of performance is primarily a central alteration, but that peripheral
alterations affecting the visual, auditory, and tactile senses add to the delay of an
elderly individual's response to sensory stimulation.

Layton (1975) wrote that older persons have difficulty in ignoring irrelevant stimuli,
citing a study of card-sorting by Rabbitt (1972) in which the experimenter directly
manipulated the number of such stimuli as well as the number of relevant ones.
While the presence of irrelevant stimuli slowed sorting performance for both older
(mean age 67) and younger (mean age 19) groups, there was also a significant
interaction between the number of irrelevant stimuli and age. Sorting time increased
more steeply for the old than for the young as the number of irrelevant stimuli
increased; in contrast, there was no interaction between the number of relevant
stimuli and age. This supported the hypothesis that elders have more difficulty in
dealing with interference, and probably relates to their decline in the ability to detect
a particular stimulus against a cluttered background. After reviewing this evidence
and that from other studies, including some which involved identification of visually
masked figures, Layton concluded that all of these results can be interpreted in terms
of a relative inability of older subjects to suppress their responses to irrelevant
stimuli. He added parenthetically that future cohorts of elders, having become used
to dealing with contemporary environmental complexity, may not be so
disadvantaged in this respect.

10
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Cummings and Benson (1983) considered general cognitive functioning, stating that
the greatest declines on intelligence test performance with age are in tasks
demanding speed. However, they wrote, the level of general intellectual functioning is
maintained well into normal old age. Tests believed to tap spatial abilities, like
Progressive Matrices and the Wechsler Adult Intelligence Scale (WAIS) Block Design
test, are performed normally, or nearly so, at even advanced ages. The ability to
manipulate knowledge is not seriously compromised in healthy elders, in striking
contrast to the picture seen in patients with dementing disorders. Neither is language
disability a major problem in normal aging according to Cummings and Benson
(though such an impairment might not in any case be particularly important for
driving). In healthy elders, the level of verbal intelligence test scores tends to be
preserved until the end of the seventh decade, and then declines only gradually.
Vocabulary test performance is well preserved. Older subjects may perform
relatively poorly on confrontation naming tests, and this deficit is particularly evident
in the case of proper names, but such a deficit would not be expected to affect driving
ability. Itis probable that because of their limited relevance to driving, any value of
testing for such functions as naming ability or vocabulary in driver competency
evaluation would only be as a possible indicator of some more widespread and critical
cognitive impairment, such as dementia.

Any age- or disease-related deficit in short-term memory could reduce performance on
driving-related tasks like decision-making, integration of sensory input over time,
manipulation of stored information, and division of attention. In agreement with
Cummings and Benson (1983), who noted that the greatest change in the aging
memory appears to be difficulty in the retrieval of learned information from
secondary memory, Staplin et al. (1987) concluded that in healthy subjects there is
no appreciable age difference in primary, short-term, memory storage (as measured
by forward digit span). Compelling evidence does not exist, either, to suggest that
older people differ from younger ones in either the capacity of, or the rate of loss from,
their "working storage.” But slower retrieval, and slower processing of incoming and
retrieved information, can lead to greater risk for the elderly in driving situations that
require rapid mental operations or manipulation of information in addition to the
simultaneous retention of other information or sensory input. It has been noted
above that, as Layton (1975) found, interference from irrelevant stimuli has a
greater effect on the old than on younger individuals. Research suggests further,
according to Staplin et al., that because older adults have no more difficulty than
younger ones in ignoring irrelevant stimuli when they know where the target will be,
the age deficits in resistance to interference may occur only when a search of the field
must be made. Then the slower information processing of the elderly becomes
apparent.

Driving-related visuospatial skills discussed by Staplin et al. (1987) included right-left
discrimination (where there seems to be little or no age deficit), field dependence (e.g.,
performance on an Embedded Figures Test), spatial orientation (e.g., mental rotation
of drawings of figures), and visuomotor integration as assessed, e.g., by the Block
Design subtest of the WAIS. (These tests are discussed in Part 3, though the
Embedded Figures Test is considered more a test of attention than one of visuospatial
abilities per se.) There are clear age-related deficits in spatial orientation and
visuomotor integration abilities, although some of these deficits (e.g., in assuming
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different spatial perspectives) can be ameliorated under certain conditions. Older
people test as being more field-dependent than younger ones, and therefore more
likely to be distracted by irrelevant stimuli—as mentioned above, when a search of
the field must be made (Kausler, 1982; cited by Staplin et al.). The review by Staplin
and his associates noted that a complicating factor in interpreting the literature is
that direct comparison of results of different studies is difficult because of the use of
different procedures and paradigms, and the common failure to supply measures of
effect size.

Driver inattention and deficiencies in information processing are major factors in
accident causation (Shinar, 1993); earlier, Treat, Tumbas, McDonald, Shinar, Hume,
Mayer, Stansifer, and Castellan (1979) had suggested that recognition errors (the
type most commonly causing crashes, embracing human errors that delay the
recognition of hazards) should be interpreted more often as attention failures than as
the result of sensory deficiencies. Consistent with the findings and interpretation of
Treat et al. (1979), Staplin et al. (1987) pointed out that searching and scanning
behavior (involving selective attention and switching of attention), which is of
particular importance for driving, becomes less efficient with aging. In experimental
tasks, older adults are slower and make more errors than younger ones in finding
targets within an array of stimuli. In actual driving situations there is also evidence
that the visual search of drivers becomes less efficient as a function of age, beginning
at about age 50. (This is especially interesting because, as will be seen when accident
records are discussed, failure to yield the right-of-way—possibly a failure of
detection—becomes the primary cause of older drivers' accidents as early as age 50
[Gebers et al., 1993].) In problem-solving situations requiring visual search, such as
may arise at intersections, elders as a group tend to be less flexible mentally, to
perseverate responses, and to become distracted by irrelevant information.
Consistent with test scores indicating field dependence, they tend to have more
difficulty in separating a part from a whole (which involves exclusion of irrelevant
stimuli) and in integrating parts into a whole.

Divided attention refers to the shared processing of multiple stimuli, all of which are
relevant. The ability to divide attention is required for competent and safe driving,
especially in situations where overlearned, automatic responses are not sufficient to
cope with multiple impinging stimuli. Staplin et al. (1987) noted that while divided
attention tasks involving simple detection may not yield age differences in accuracy
when older and younger subjects are equated on stimulus detectability (by adjusting
target strength), more complex divided-attention tasks show deficits beginning in
middle or old age. Again this may well stem from the slowing in information
processing that comes with age.

Another attentional (perhaps better, preattentional) function is preparatory set, the
state of readiness to react to a given stimulus. Older people appear to have less
effective preparatory sets, and at the physiological level it has been found that the
contingent negative variation (CNV)—a cortical electrophysiological change seen
when a person's attention is directed toward a planned action in response to a
signal—shows decreased activity in the elderly (e.g., Tecce, Cattanach, Yrchik,
Meinbresse, & Dessonville [1982]; cited by Staplin et al. [1987]). According to Tecce
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et al., this CNV reduction is associated with a perseverative attentional set which
interferes with the refocusing or switching of attention.

Despite many studies' limitations in data collection and analysis, resulting (as Staplin
et al. [1987] noted) in findings that are unreliable, uninterpretable, or non-
generalizable, there is clear evidence for age-diminished capabilities in sensory and
perceptual/cognitive performance. The specific driving problems of older drivers, the
authors felt, can be related most clearly both to diminished sensory performance
(sometimes exacerbated by disease) and to diminished information-processing
capabilities. These last include arousal and attention, visuospatial skills, visual
search behavior, memory functions, and complex problem solving. Psychomotor
skills, while gradually slowing with advancing age, were felt by Staplin et al. to play
much less of a role in performance deficits of the elderly—although it should be noted
that in the case of the frail elderly specifically, their importance may be enhanced.
They are discussed, very briefly, immediately below.

Declines in psychomotor functions. Marottoli and Drickamer (1993) noted elements
of strength, range of motion of extremities, trunk and neck mobility, and
proprioception as being the key motor factors in driving. While there are conflicting
reports regarding the effect of aging on proprioception, it is well known that declines in
the first three factors occur as a function of increasing age and also as a function of
general health. Several studies cited in Marottoli's and Drickamer's review have
shown that physically fit older persons perform better on psychomotor tests than do
their unfit age peers, though not quite at the level of younger persons. The authors
cautioned, however, that this evidence should not be interpreted as proof that
enhancing individuals' general fitness will improve their performance in real-world
activities.

There is nearly uniform agreement, Marottoli and Drickamer (1993) stated, that
reaction speed decreases with age, although here central-processing changes, as
opposed to sensory or motor components, appear to be the major contributor to the
slowing. (Research relating primarily to central processing functions has been briefly
described above.) Regarding the possible effect on actual driving performance of
known declines in motor ability and reaction speed, Marottoli and Drickamer
concluded that the picture needs further clarification. The detailed comparisons of
motor abilities and driving performances necessary for such clarification have not
been done, they wrote, nor have reliable and accurate measures of the parameters
involved been developed.

Apart from the question of possible accident risk, older people's frequency of driving
may be curtailed by muscular weakness, even though modern automobiles require
very little strength to operate. Retchin et al. (1988), studying in a clinical setting
116 frequent or infrequent male drivers and nondrivers who were aged 65 or older,
measured the grip strength of subjects’ dominant and nondominant hands
separately. Noting that a driver should be able to exert at least 3 kg of tangential
force to turn a steering wheel (Gurgold & Harden, 1978), they found that strength of
the nondominant hand was significantly and positively associated with driving
frequency. Speculating on the reason for an association with the nondominant
rather than the dominant hand, they suggested that most participants in the study
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had probably learned to drive using manual gear shifts—which sometimes
necessitate left-handed steering—and that this hand preference might have
persisted. Retchin et al. found no relationship between driving frequency and range
of motion or proprioception. It should be noted that impaired range of motion, while
perhaps not highly related to driving cessation, may be related to accidents.
However, experimental evidence on this point appears to be lacking. (See the
discussion of arthritis in Part 2.)

In summary, while all may agree that many if not most driving-related abilities
diminish with age, the extent to which specific declines impair actual driving
performance as manifested in everyday life still appears debatable. Evidence that
the totality of deficits from aging do impair driving competency or skill shown in an
on-road driving assessment comes from Jones (1978). Testing a large number of non-
novice drivers ranging in age from 17 to over 70 on a highly reliable Safe Performance
Test she had developed, Jones found a marked and very significant age effect on
driving performance, drivers aged 60 or more showing performance inferiority of 14-
18% when compared with drivers aged 25-35. Consistently with this, Ranney and
Pulling (1990) found the mean score on closed-course driving performance of subjects
aged 74-83 to be 23% worse than that of subjects aged 30-51. The closed-course test
of Ranney and Pulling was rather challenging, designed to be a sensitive measure of
iImpairment effects associated with aging.

On the other hand, Schlag (1993) found that while a sample of 80 elderly (60-82)
drivers in Germany performed substantially worse than 30 middle-aged (40-50) ones
in laboratory tests, including tests of visual acuity under varying lighting conditions,
reaction speed, and tachistoscopically tested perceptual abilities, actual differences in
driving behavior between the age groups, as shown on a one-hour driving test
conducted over a standard route, were small in the overwhelming majority of traffic
situations. This was the case when the groups were compared on the basis of
"biological age,” as shown by performance on the laboratory tests, as well as when
they were compared on the basis of chronological age. In some situations Schlag did
find differences between the (chronological) age groups. Elderly subjects tended to
drive more slowly, and some were hesitant and experienced difficulty in entering a
lane at complex motorway entrances. On country roads they displayed fewer
accelerations and braking actions than younger drivers, driving perhaps more safely
than the younger group. But in city traffic there was a higher incidence of potentially
critical driving errors for the elderly—particularly at intersections, where red lights
and the rule giving priority to drivers on the right were more often ignored. Such
incidents were apparently rare, since the author stated that the driving similarities
between age groups far outweighed the differences. As a caveat in interpreting his
results, Schlag did note that his elderly drivers were a group of socially privileged
people in comparatively good health, and therefore should not be considered
representative of the future elderly driver population in Germany. In addition, his
driving test, while lengthy and objectively scored using automated methods, was not
designed to be challenging and may not have been highly sensitive to impairment,
unlike that of Ranney and Pulling (1990).

One of Schlag's (1993) conclusions was that, although they compensate for possibly
reduced fitness by avoiding difficult traffic situations, elderly drivers tend to neglect
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changes in their own fitness or fail to regard them as relevant to their driving
behavior. To what extent this observation reflected defensiveness on the part of his
subjects is unknown, but some degree of defensiveness seems likely in view of
Schlag's statement that his elderly drivers did not want reported avoidance of risk to
be considered an admission of deficiency on their part, but rather a reflection of
preference which they could indulge because in retirement they had greater control
over the use of their time. Nevertheless he warned that the relative risk for individual
elderly drivers could rise if their expressed wish to continue driving in old age is
combined with an uncritical attitude toward their personal fitness.

The weight of the evidence with regard to driving competence or skill appears to
indicate that the most likely state of affairs is a reduction in elders' driving skills
resulting from various declines that come with age but begin at different ages in
different individuals. However, this reduction in skill does not necessarily translate
into a high crash rate over any given period of time for elderly drivers as a group,
because of the group's characteristic compensatory behaviors and voluntary
limitations of their driving. The following discussion addresses in some detail the
driving records and driving patterns of elderly drivers.

Driving Patterns, Driving Cessation, and Driving Records

Travel patterns. Hu, Young, and Lu (1993) discussed travel patterns of drivers as a
whole and the elderly in particular. The reader is referred to that document for
detailed information. They found that regardless of traveler age, most trips in 1990
were for the purpose of family or personal business. But the second most common
reason differed between age groups. For those under 65 years of age, it was earning a
living, while for those aged 65 or more the motivation was social or recreational.
Privately-owned vehicles were the most common form of transportation, but walking
was more common among individuals 65 or older than among middle-aged persons.
Although trips were significantly longer in 1990 than in 1983 for all age groups,
drivers aged 65 or older took, as in earlier years, shorter trips than did younger
drivers. In fact, beyond the age of 45 the amount of driving, in terms of the number
and length of trips, decreased with increasing age according to both the 1983 and
1990 National Personal Travel Survey data. Overall, however, there was more travel
in 1990 than in 1983, with those aged 65 and above driving at least 14% more in the
later year than in the earlier one.

Time patterns in older individuals' driving behavior were relatively unchanged
between 1983 and 1990, according to Hu et al. (1993). Elders continued to
concentrate their driving between 9:00 a.m. and 4:00 p.m., outside of the heaviest
commuting hours. For long-distance trips (at least 75 miles away), persons aged 65
or more used public transportation, including air transportation, more commonly
than did those between 25 and 54. The most remarkable difference, according to the
authors, was observed in those aged 75 to 84. This group was almost three times as
likely as the group aged 25-54 to use public transportation, and twice as likely to
travel by plane.

Driving restriction or cessation. Vision problems of the elderly frequently motivate a
change in driving patterns. Senile miosis (pupillary contraction) reduces retinal
illumination, as noted in Pitts' (1982) review. This is one factor handicapping the
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elderly in night driving; others already mentioned are increased sensitivity to glare,
slow recovery from the effects of glare, and reduced contrast sensitivity. For these
reasons as well as others, elderly drivers generally change their driving patterns so as
to minimize or eliminate night driving and driving under conditions of reduced visibility
(Planek, Condon, and Fowler, 1968; Schlag, 1993). Kosnick, Sekuler, and Kline (1990)
determined from questionnaire data that older persons were commonly aware of their
visual deficiencies and that those who had given up driving reported more visual
problems than did those who continued to drive.

In the study of Retchin et al. (1988), total horizontal visual field and dynamic visual
acuity were significantly associated with elderly male subjects' frequency of driving, in
addition to the already-mentioned grip strength in the nondominant hand. More
recently, Stewart, Moore, Marks, May, and Hale (1993) studied driving cessation (as
well as accident experience) in ambulatory, community-based elders (aged 70-96) who
were participants in a Florida program incorporating annual screening examinations
which supplied laboratory test values and self-reported data on diseases, symptoms,
and usual medications. All participants who had completed their eighth visit to the
program were asked whether they had ever driven regularly and/or were driving
currently. If they were no longer driving they were asked to specify the reasons for
this. Cases were the 241 respondents who reported having stopped driving, while the
1,229 controls still drove. Participants who had never driven were excluded from the
analysis.

Using separate stepwise logistic regression analyses for signs/symptoms, diseases,
drugs, behaviors, and laboratory test results, Stewart et al. found that brief loss of
vision (72% of respondents claiming this symptom still drove), macular degeneration
(60% still drove), stroke within the past year (67% still drove) eye problems resulting
from general health problems (66% still drove), parkinsonism (50% still drove),
absence of reported consumption of alcohol or magnesium hydroxide (generally used
as an antacid), hospitalization within the past year, and the total number of reported
symptoms significantly predicted driving cessation. It should be noted that at least
half of respondents reporting any particular symptom or medical condition still drove.
Age and sex had been included in all of the models, and both greater age and female
gender were also found to significantly predict cessation. Women who ceased driving
were three years older than the female sample mean (80.9 vs. 77.8) and men who
ceased driving averaged 82.5 years as opposed to the male sample mean of 78.6.

A final logistic regression model was developed by Stewart et al., entering stepwise all
of the factors that had proved significant in their preliminary models. Factors that
retained their significance (at the .05 level) as predictors of driving cessation were
age, sex, macular degeneration, eye problems resulting from health problems, stroke,
parkinsonism, absence of reported consumption of alcohol or magnesium hydroxide,
and hospitalization within the past year.

Campbell, Bush, and Hale (1993), selecting as subjects participants in the same
Florida program, found that of 1,656 former or current drivers, 276 (17%) reported
having given up driving. (This is approximately the same as the 16% figure found in
the slightly smaller sample of Stewart et al., 1993.) Women were twice as likely to
report cessation of driving as men, and the odds of having given up driving rose in a
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positively accelerated manner with age. Conditions resulting in sensory deprivation
(retinal hemorrhage, retinal detachment, macular degeneration, or other visual loss)
were found more often among those giving up driving. Other conditions found to be
more common in this group were stroke or stroke residuals, Parkinson's disease,
short-term memory loss, and limitations in activities of daily living (ADLs). ADLs as
such were not analyzed as a factor by Stewart et al., but they had found that
reported regular exercise was not significantly associated with driving cessation, and
also that memory loss was not associated with cessation. Otherwise, the findings of
Campbell et al. are similar to those of Stewart et al.

Campbell et al. (1993) found that hearing difficulties, cataracts, and glaucoma were
statistically unrelated to the decision to give up driving. This also was confirmed by
Stewart et al. (1993) and was consistent, with respect to vision, with findings of a
study by Kosnik, Sekuler, and Kline (1990). Many acute and chronic medical
conditions, often resulting in only mild ongoing disability so far as driving is concerned,
were found to an approximately equal degree among driving and no-longer-driving
subjects. These included arthritis, angina, diabetes, acute myocardial infarction, and
malignant neoplasm, again in agreement with findings of Stewart et al. Finally, from
the point of view of driver licensing it is interesting to note that Florida's 12-month
suspension following an episode of syncope, or a license revocation for any condition,
encouraged subjects in the Campbell et al. study to give up driving, increasing the
odds that they would be in the cessation group.

The above conclusions were reached by Campbell et al. (1993) through bivariate
analyses of proportions showing various conditions by driving status. Multiple logistic
regression analysis yielded somewhat different results, and somewhat different
models for males and females. Significant gender-shared factors in predicting
cessation of driving—in addition to greater age—were activity limitations, syncope,
and macular degeneration. Among men, however, stroke sequelae were also
significant, as were retinal hemorrhaging and Parkinson's disease among women.
Two-thirds of former drivers had one or more of these six impairments, and the odds of
giving up driving rose steeply as their number increased. This does not imply that
health concerns were given as a reason for stopping driving, however; in fact less than
one-third of the cessation group gave such reasons. Population attributable risks (of
ceasing to drive) were calculated for the six impairments, and it was found that
activity limitations and macular degeneration accounted for more decisions to stop
driving than did the others, being responsible for 26% and 14% of driving cessations,
respectively.

In another recent study of driving cessation, this time conducted in Connecticut,
Marottoli, Ostfeld, Merrill, Perlman, Foley, and Cooney Jr. (1993) studied subjects
drawn from the Yale Health and Aging Project. The study cohort was a probability
sample, with an oversampling of men, of 2,812 noninstitutionalized individuals aged
65 or more and living in New Haven in 1982. A driving survey was administered in
1989 to the 1,445 potentially eligible respondents who were surviving members of the
cohort; 1,331 responded. The primary purpose of the survey was to elicit driving
history and current driving practices, while a major overall purpose of the
investigation was to determine risk factors for driving cessation. Only individuals
who, from their survey responses, continued to drive as of 1989 (n = 456) or who had
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stopped driving between 1983 and 1989 (n = 139) were included in the final sample,
and these two groups were compared to one another on demographic, physical,
psychosocial (including tests for mental status and depression), and activity
variables.

The demographic, physical, psychosocial, and activity variables significantly
predicting driving cessation, using multiple logistic regression, included greater age,
not working, lower income, neurologic disease or cataracts, participation in fewer
physical activities, and disability in physical activities requiring moderately
strenuous exertion, such as climbing stairs. Neurologic disease was defined for study
purposes as parkinsonism or stroke, both affecting neuromuscular function. If all
risk factors were absent all subjects continued to drive; if one or two factors were
present 17% had stopped driving, and if three or more factors were present 49% had
stopped. The factor most often associated with driving cessation was "not working."

Some differences between these results and those of Stewart et al. (1993) are that
Stewart et al. did not find cataracts to be a significant risk factor and Marottoli et al.
(1993) did not find gender or recent hospitalization to be significant. However, both
studies, as well as that of Campbell et al. (1993), agreed in finding Parkinson's disease
and stroke, as well as greater age, to be significant risk factors for driving cessation.
None of the three studies found the following to be significant risk factors: memory
loss/mental status, leg amputation, fractures other than hip, diabetes mellitus,
cirrhosis, effort or tension angina, myocardial infarction, hypertension, cancer, poor
hearing, or urinary incontinence.

Reduction of driving mileage was also assessed in the Marottoli et al. (1993) study.
With "high mileage" defined as 5,000 miles per year or more, the authors found that
high-mileage drivers tended to be younger, active men who still worked. Increasing
age and disability, among respondents who continued driving, were associated with
reduced mileage as compared with their mileage 5 years before. In multiple logistic
regression the only significant predictors of mileage reduction were increasing age and
the performance of fewer activities.

Jette and Branch (1992) conducted a longitudinal study over a 10-year period, using
Massachusetts Health Care Panel Study Data, to determine whether reliance on
motor vehicles diminishes substantially with age. (We have noted some evidence
from Hu et al. [1993] on this question.) In the Massachusetts study of Jette and
Branch, subjects initially were aged at least 65, at which time there were 1,625
individuals in the sample. Following an interview in 1974, in which subjects were
asked what means of transportation they used and whether they drove themselves,
the cohort was reinterviewed 1.25, 6, and 10 years later. In 1974, 86% of the men
and 76% of the women reported that the automobile was their chief means of
transportation, and at each reinterview at least 87% of those who had so answered
continued to report reliance on the automobile. This did not necessarily imply that
they drove themselves; at the initial interview 65% of the men and only 26% of the
women reported usually doing so. For these, the probability of continuing to drive
ranged from .73 to .94, regardless of the interval of followup. The probability of
recommencing driving once it had been abandoned was exceedingly low, ranging from
0 to .10. Continuing to drive was related to both demographic and health factors. A
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consistently higher rate of driving oneself was found among men, younger subjects,
those reporting good or excellent health, and those without mobility impairment. The
authors emphasized especially their finding that a considerable number of elderly
people continue to drive in their eighth and ninth decades of life.

The relevance of driving cessation to the present project is that if individuals with a
particular age-related disability strongly tend to give up driving, the importance of
licensure testing for that disability is reduced. However, we have seen from the
results of Stewart et al. that at least half of elderly drivers reporting medical
conditions still drive, and it seems unwise at this point to assume unimportance for
any particular category of disability. Moreover, the research evidence on driving
cessation does not in general throw much light on the level of disability severity at
which individuals usually make their decision to stop driving.

Accidents and violations. Age-related declines in perceptual/cognitive functions may
cause traffic accidents. Indirect evidence for this assertion comes from Treat et al.
(1979). In a report of conclusions reached from intensive investigations of traffic
accidents involving drivers of all ages, these authors wrote that human error was
considered to be a probable cause in the overwhelming majority of vehicle crashes.
Among human error factors, recognition and decision errors were paramount, the
former category being ranked first in importance. The most commonly cited cause of
a recognition error was improper lookout. The authors noted that in cases of
improper lookout, the driver commonly reported looking in the direction of the other
vehicle but failing to see it. (As will be discussed later, this complaint of looking but
not seeing is also typical of Alzheimer's patients [Hutton, 1985].) But evidence for
deficiencies in the basic visual skills as accident causes was not overwhelming,
according to Treat et al., and in fact most at-fault drivers performed better on the
majority of vision tests in their study than did not-at-fault drivers. This suggests that
more complex perceptual/cognitive factors may be of paramount importance in the
majority of crashes, and in fact Treat et al. noted that slow reactions—characteristic
of elders and probably centrally determined—were associated with commission of
recognition errors. This, they argued, implicates delayed information processing,
whenever presentation of the information is compressed in time, as a major cause of
human error leading to crashes.

It is interesting, therefore, to recapitulate what is known about the accident records
of elderly drivers as a group. In agreement with numerous other researchers (e.g.,
Brainin, 1980; Carsten, 1981; Evans, 1991; Tasca, 1992; Gebers, Romanowicz, &
McKenzie, 1993; Hu et al., 1993), Staplin et al. (1987) found older drivers to have a
higher accident rate per mile driven than other groups (with the exception of
teenagers). Evans (1991), considering only severe crash involvements, noted that
the accident rate per unit distance traveled for drivers aged 70 and above is about
three times the minimum rate (achieved in the middle years), though less than rates
for drivers in their late teens and early twenties. When crashes severe enough to
cause injury or death are considered, one factor in the rising rate for elderly people is
their greater vulnerability to injury, and to death resulting from their injuries, he
noted. Figure 2, from Gebers et al. (1993), shows curves representing average
fatal/injury accident rates per California driver per 100,000 miles for men, women,
and combined sexes by age. (National fatal-accident data, such as those presented
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by Evans, show similar trends.) Gebers et al. noted that the category 75-79 actually
represents, in the curves for men and women separately, drivers aged 75 and above,
since there were too few cases above age 79 to graph separate sexes. But data for
combined sexes were available for age groups 80-84 and 85 and over, and these show
a very marked increase in the average for people over age 79. The increase is even
more extreme when only fatal crashes are considered, due to drivers' physical
vulnerability at very advanced ages (Evans, 1991).

——A— Both sexes
0.012 J — —0O0 — —-Male

0.010 4 ----0--- Femae

FATAL ACCIDENT
INVOLVEMENTY
DRIVER/100,000 MILES
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Figure 2. Fatal/injury accident involvements per driver per 100,000 miles during
1991 by age and sex. (From Gebers et al., 1993.)

Most elderly-driver crashes involve more than one vehicle.  Accident types
characteristic of elders are of a sort more common in driving situations found on
surface streets than on high-speed but limited-access highways (i.e., intersection
crashes, right-angle collisions, rear-end, head-on, parking/backing, and left-turn
accidents). According to Gebers et al. (1993), within the group of elderly drivers' fatal
or injury accidents, those in which the primary collision factors were right-of-way
violations or disobeying signs and signals constituted from 42% at ages 60-69 to 57%
at ages 80 and above. For the oldest driver group, right-of-way violations were the
dominant cause of fatal/injury accidents for which the older driver was found at fault;
in fact, failure to yield the right of way becomes the primary cause of older drivers'
accidents as early as age 50. (It will be recalled that Staplin et al. (1987) suggested
that visual search begins to become less efficient around age 50.) Waller (1992)
stated that older drivers do not seem to have crash patterns that are unique to their
age. Instead they have an excess of certain types of crashes that occur among all
ages but are more characteristic of the elderly. California data tend to confirm that
assertion.

The findings on primary collision factors, and the higher accident rate per mile of the

elderly are consistent with a hypothesis that older drivers do the majority of their
driving on high-conflict surface streets and relatively little on divided, limited-access
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(and therefore safer on a per-mile basis) freeways and expressways. Everything else
being equal, driving predominantly on surface streets increases exposure to accident
risk. This is consistent with the finding (Janke, 1991) that the relationship between
accidents and mileage is not linear, the curve rising steeply at low mileages and then
flattening as mileage increases, thus ensuring that low-mileage groups in general will
have higher accident rates per mile than high-mileage ones.

Despite deficits of aging, the accident rate per driver over any given time period, such
as a year, is considerably lower for older drivers as a group than for the driving
population as a whole. This is illustrated by California data from Gebers et al., shown
in Figure 3. In this figure the horizontal line at about 20 fatal/injury crashes per year
(1991) per 1,000 licensees represents the average for the licensed California driving
population as a whole.
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Note. Accident data are from California Highway Patrol, 1992, 1991 Annual Report of Fatal
and Injury Motor Vehicle Traffic Accidents, Sacramento, CA. Licensing data are from
California Department of Motor Vehicles, 1991, Age and Sex Report, Sacramento, CA. The
relative involvement index is the accident involvement for the age/sex group as a percent of
such involvements for all drivers, divided by the percent of all licensed drivers represented by
that group.

Figure 3. Fatal/injury accident involvement rate and relative involvement
index in 1991 by age and sex. (From Gebers et al., 1993.)

Since accidents per mile is the quotient of accidents per year and miles per year, this
implies that older-driver accidents are maintained at a low level through a reduction
In mileage—to zero as a limit. Thus the group, as a whole, should not presently be
considered a hazard to public health and safety. Evidence for other forms of
compensatory behavior in addition to mileage reduction—e.g., use of corrective lenses
or hearing aids, and avoidance of congested traffic, inclement weather, darkness, or
unfamiliar areas—comes from numerous studies; for example, those of Welford, 1958;
Planek et al., 1968; and Yee, 1985. These behaviors may be, but are not necessarily,
consciously adopted strategies to counteract the impairments of aging.
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Based on the above discussion, it may be helpful to think of a group's average
accident rate per year (i.e., crashes per driver per year) as an indicator of the degree
of risk posed to society by that group. Average accident rate per mile, on the other
hand, better indicates the degree of risk posed to individual drivers in the group when
they drive, as well as to their passengers. As the average number of miles driven
during a year by a particular group goes to zero, the effect on society in general from
crashes caused by that group—even if it has a high accident rate per mile—will also
approach zero, despite the possibly high personal risk to individuals in the group when
they drive.

The discussion to this point has focused on aggregated driving records of the elderly-
driver group. The following discussion will consider relationships between specific
visual, or visual attentional, problems and accidents, as found in several studies. In
one such study, Decina and Staplin (1993) visually tested 12,400 renewal license
applicants in Pennsylvania, comparing drivers who passed with those who failed an
examination testing static acuity, horizontal visual field, and contrast sensitivity at
6, 12, and 18 cycles per degree. Self-reported mileage was used to generate exposure-
adjusted prior crash-rate curves for both groups. These showed that the average
crash rate for drivers who passed the test, using a combined criterion involving all
three visual functions, stabilized at a low level at age 55, showing no indication of
higher crash risk per mile at more advanced ages. In contrast, the adjusted crash
rate increased with age for drivers who failed the examination, beginning as early as
age 46 and rising especially steeply after age 66. These results differed from those
found for subjects taking the Pennsylvania standard visual examination (for original
license applicants) of static acuity and field sensitivity only. For those who passed
the standard test there was a "modest" increase in adjusted crash rate at ages above
66, and for those who failed, a much steeper increase from the age of 56 on, though
the increase was not as great as for drivers failing the enhanced test. (Since periodic
vision testing is not required for license renewal in Pennsylvania, applicants did not
lose their driving privileges if they failed the standard test.) Their results suggested to
the authors that identification of drivers in the oldest age groups who are at enhanced
risk due to visual impairment could be improved substantially through inclusion of
contrast sensitivity measures as part of a periodic vision screening program including
not only referral of failing drivers to a vision specialist but also education of drivers
regarding the risks associated with poor contrast sensitivity.

As noted, one of the measures used in the study of Decina et al. (1993) was horizontal
visual field. This measure did not in itself predict crashes, though the combination of
the field measure and measures of acuity and contrast sensitivity did, as noted above.
A study suggesting the importance of visual field in itself is that of Johnson and
Keltner (1983), who found in an investigation of visual field loss in "20,000 eyes" or
10,000 subjects that drivers with sensory visual field loss in each eye had twice the
mileage-adjusted rates of accidents and convictions reported for drivers with normal
visual fields. The incidence of field loss was 4 to 5 times greater among subjects over
age 60, suggesting that the greatest benefits of a mass visual field screening program
would be realized in testing the elderly.

Ball et al. (in press) identified problems in visual attention as predictors of vehicle
crashes among older drivers. These authors used a "Visual Attention Analyzer" (to
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Crash rates for these matched subsamples of dementing and control drivers were
compared over the same time periods. Both total crashes and those reported to
authorities were measured, the latter in order to compare reported values to national
statistics for the driving population. For crashes reported to authorities, the 83
dementia patients had a rate, over the years following onset of the disease as
reported by caregivers, of 0.091 incidents per driver per year, 2.3 times the 0.040 rate
of the matched control group (odds ratio 3.75). The 0.091 figure for dementia patients
was only 36% worse than that for licensed drivers of all ages in the United States,
who showed a 1990 rate of 0.067 crashes per driver, and less than the national
average rate of 0.125 crashes per driver during 1990 for young (ages 16-24) drivers.
However, it should be noted that the national figures are not totally comparable to
the others—because of variations within the United States in accident reporting
levels and reporting criteria and, perhaps most critically, because the manner of
determining "years of driving" for the dementia group was not described in detail and
the measure is thus difficult to interpret. In particular, it is not known whether the
dementia subjects' average rates per year were comparable to national figures for the
full year 1990. The report states that crashes were recorded for the years in which
patients drove following the onset of Alzheimer's. But if, for example, driving only
during January of a given year was considered a full year of driving for that year, then
not only would the national figures not be comparable to those for the dementing
group but also the same would probably hold for the matched control group rates,
since control subjects were presumably much less likely to stop driving.

An interesting finding in the Drachman and Swearer (1993) study was that the crash
rate per year for dementia patients increased in a regular manner with time since
onset. Despite marked fluctuations in the data, possibly caused by subject attrition,
and the relatively small number of subjects on which they based their conclusion (as
noted, a common limitation of studies of dementia and driving), the authors concluded
that the risk is supportable—and below that for young adults—throughout patients'
first three years of post-onset driving. This acceptably low risk, they claimed, reflects
both the extent of retained driving competence and patients' voluntary—for the most
part—Ilimitations on their driving. (Their study, of course, does not directly address
competence or skill, but rather the societal risk posed by dementing drivers, since it
contains no measures of exposure.) Half of the study patients who drove at the onset
of Alzheimer's disease had stopped driving within 3 years, almost always voluntarily
or by recommendation rather than by official withdrawal of the driving privilege.
Two-thirds of those still driving traveled fewer miles than previously, with 28% driving
only near home and 51% only in familiar environments.

The number of years since onset of Alzheimer's disease, in Drachman's and Swearer's
(1993) opinion, provides a very useful guideline to assess relative risk. (See the
gualification above regarding the determination of actual onset.) Although the course
of AD varies considerably, they noted, their findings point to an increase in crash risk
developing on the average toward the end of the third year. (The data suggest a
gradual increase in average risk, beginning from a level already somewhat elevated
relative to that of the controls—perhaps because of inaccurate estimation of disease
onset. This risk is arguably not unacceptable until the end of the third year.)
Drachman's and Swearer's 3-year guideline is a general one which does not predict
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risk for the individual, and they suggested that, as a prerequisite for continued driving,
patients having Alzheimer's for more than 2 years have their driving ability closely
monitored.

Findings of a study by Waller, Trobe, Olson, Teshima, and Cook-Flannagan (1993) are
difficult to reconcile with results of other studies reviewed above, and especially with
those of Beattie et al. (1993) and Cooper et al. (1993)—who, like Waller et al.,
obtained their crash data from official records. Waller and her associates compared
driving records of patients with probable Alzheimer's disease, who were driving at
some time during the 5 years prior to interview, with a matched comparison group of
driving records belonging to individuals of the same age, sex, and county of residence.
Comparisons were reported to have been limited to the time during which driving was
reported for the dementia patients. Again it is not clear exactly how this was
accomplished; e.g., whether a whole patient-year of driving was counted even when
the patient stopped driving during that year. Waller et al. found that dementia
patients and control drivers had equivalent crash rates per driver-year, and this was
true both before and after diagnosis. Lacking knowledge of exactly how driving record
length was determined, it is difficult to interpret this finding. But the finding is most
likely explainable, it seems, by postulating a much lower exposure to crash risk for
the patients than for the controls in this study, whether due to less time spent in
driving during the period covered by the driving record or to some other factor. If the
Waller et al. finding can be replicated for other groups of early-dementia patients, it
would suggest that, as the authors stated, these patients are not a threat to public
safety on the road, despite their probably impaired driving competency.

Parkinson's disease and driving. Parkinson's disease (PD) is of special concern
because it can influence both motor and mental functions. Though evidence for
driving-related decrements in the case of parkinsonism cannot be considered
definitive, generally because of small sample sizes and noncomparable control groups,
it is highly suggestive. In a survey study by Dubinsky, Gray, Husted, Busenbark,
Vetere-Overfield, Wiltfong, Parrish, and Koller (1991), 150 patients were interviewed
regarding their driving record and driving habits and compared with 100 control
subjects.  Thirty patients had stopped driving on account of their disease.
Parkinson's patients reported no more traffic accidents overall, but their crash rate
per mile was greater than that of control subjects, concomitantly with (and
predictably from) a reported decrease in mileage. There was a significantly higher
crash rate for patients with more severe disease, and a Mini-Mental State
Examination (MMSE) score of 23 or less, indicating cognitive impairment, was
significantly associated with an increased crash rate per mile, as compared to rates
for patients scoring 24 or more on the test. However, two common measures of
disability in PD (the Schwab and England scale and the Northwestern University
Disability scale) showed no correlation with crash rate. The authors concluded that
although some PD patients should not drive, 'good' drivers in the study group, 118 of
whom were still driving, could not be well distinguished from 'bad’ ones.

Lings and Dupont (1992) reported a controlled laboratory investigation of driving
ability in Parkinson's patients. Using a mock car, they compared the performance of
28 patients with a median age of 65—on supposedly optimal drug regimens and
without complicating disorders—with that of 109 healthy younger (median age 49)
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controls. Most, but not all, subjects in both groups drove or had previously driven.
Patients significantly more often showed failures to react to stimuli such as a red
light, a high frequency of erroneous reactions (particularly directional errors), reduced
speed and strength of movement, and prolonged reaction times. Results did not
change when subjects without a driver license were excluded. It would be expected
that controls would perform better because they were younger, if for no other reason.
But some observations of the authors illustrated troubling performance decrements
shown by patients. Twenty-one patients could not adhere to the testing schedule
because after reacting to a signal they were not ready to continue for some time. In
seven cases it was necessary to urge them verbally, and five failed completely to
react on at least one occasion. (This never occurred among members of the control
group.) Though patients' drug treatment was considered optimal, the authors
concluded that this optimality is of limited relevance in the context of traffic safety.

Lings' and Dupont's (1992) findings, in indicating impairment for PD patients, are
basically similar to findings of a small-scale simulator study (Madeley, Hulley,
Wildgust, and Mindham, 1990), in which PD patients with less-advanced disease
showed longer reaction times and less accurate steering when contrasted to healthy
age- and sex-matched controls. Another small-scale investigation of PD patients’
driving abilities in a simulator was conducted as a pilot study by Dubinsky, Schnierow
and Stein (1992). Sixteen PD patients with a mean disease duration of 6 years and
16 normal control subjects were recruited from the Movement Disorders Clinic of the
University of Kansas Medical Center. Unfortunately, the control group, with a mean
age of 51, was significantly younger than the patient group, with a mean age of 67.
In addition most control subjects were female while most patients were male. PD
severity was determined for patients by means of a rating scale, and all subjects were
administered the MMSE. During the (interactive) simulator test, driving tasks
included curve negotiation, passing and avoiding moving traffic, divided attention
(response to signals presented in the upper corner of the monitor during driving),
maintenance of lane position and velocity, and response to signal lights. Driver
performance variables were measured automatically. It was found that patients
took longer to complete the course and had fewer correct responses and longer
response times in the divided attention tasks, also showing more variable speeds and
lane positioning. In addition the PD group had more run-off-road accidents. However,
it could not be determined how much of the difference in driving behavior was due to
the age difference between groups. Within the patient group, neither disease severity
staging, rating scale scores, or MMSE scores differentiated between good and bad
drivers. The authors expressed their intention to conduct another study involving
larger subject samples that will be age- and gender-matched, and adding simulated
situations of types that particularly challenge elderly drivers.

Odenheimer (1993) pointed out in a review based in part on her own work with
associates in administering driving tests to the elderly (Odenheimer, Beaudet, &
Grande, 1991; Odenheimer, Beaudet, Grande, & Minaker, 1994), that drivers with a
dementing condition tend to make typical errors while driving. Their distractibility
contributes to errors at intersections and sites of merging traffic. Visuospatial
deficits may interfere with the driver's ability to maintain lane position and to judge
distance and space relationships, as required in order to estimate a safe gap in
oncoming traffic. Isolated memory loss, Odenheimer wrote, may be relevant only
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where there is a change in routine, such as a detour from the familiar route.
Similarly, isolated language impairment should not greatly impact driving in familiar
settings, though in unfamiliar settings it would be expected to affect the
interpretation of road signs. In agreement with other authors, Odenheimer stated
that deficits in simple reaction time would be unlikely to play a role in driving safety.
The major factors, then, in unsafety of dementing drivers appear to be declines in
attention and in visuospatial skills. Odenheimer was careful to point out, however,
that most often the deficits seen in dementing disorders are not isolated, but occur in
variable combinations of deficits in memory, language, visuospatial abilities, selective
attention, and executive functions.

Cardiovascular Conditions

According to Hu, Young, and Lu (1993), the aspects of cardiovascular disease which
most significantly affect safe driving are loss of consciousness, the pain of angina
pectoris, and symptoms such as dizziness or blurred vision. One might add that
insufficient oxygenation of the brain in some heart conditions can cause impaired
mentation, and there is some chance of sudden death at the wheel. Discussing
morbidity and mortality rates, Shephard (1987) noted that, in the general population
aged 35 to 64 years, cardiac deaths average about 4.6 per 1,000 man-years and 1.3
per 1,000 woman-years. However, on moving from the age group of 40 to 44 years to
that of 60 to 64 years, there is a 10- to 11-fold increase in the risk of a heart attack,
and a 26-fold increase in the risk of a cardiac death.

Coronary heart disease, angina pectoris, myocardial infarction. Coronary heart
disease, caused by partial or complete blockage of the coronary arteries, is a leading
cause of mortality and morbidity in middle-aged and elderly people. According to
Scheidt, Bedynek, Bruce, Clark, Fox, Friedman, Kishel, McHenry, and Shephard
(1987), it is considered the major potential cause of acute incapacitating illness in
heavy-vehicle commercial drivers, other than substance abuse and fatigue. Women
tend to develop coronary heart disease at a later age than men. In about 40% of
cases, angina pectoris (which may be felt as pain or pressure, and may be interpreted
by the patient as indigestion) is the initial manifestation (Orencia, Bailey, Yawn, &
Kottke, 1993). The remaining cases may present either with myocardial infarction (a
"heart attack" due to severe ischemia or inadequate blood supply to, and the resulting
death of, parts of the myocardium) or with unexpected sudden death. Myocardial
infarction occurs as a sudden event accompanied by severe, disabling pain. Disability
iIs not necessarily immediate, however, and a driver at the wheel of a vehicle may
have time to pull over and stop before becoming incapacitated. Shephard (1987)
amplified on this theme, stating that studies of middle-aged men undergoing
postcoronary rehabilitation suggest that the duration of heart attack symptoms
usually would be sufficient to allow the driver to pull over, and in many instances a
determined individual could even drive to the hospital. (These conclusions, it should be
stressed, were reached from studying survivors.) A cardiac crisis, Shephard wrote, is
commonly preceded by 6 to 24 hours of malaise. Thereafter, acute symptoms
typically last about 30 minutes, although in 25% of cases the duration is less than 30
seconds and in 14% less than 5 seconds. The time involved in getting off the road
comprises, he warned, not only the time to stop the vehicle but the time to recognize
the illness, which may itself occupy 5 to 10 seconds.
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Cardiac failure. A definition of cardiac failure (congestive heart failure) as given by
Wood (1956), cited in Marshall and Shepherd (1968), is a state in which, despite a
satisfactory venous filling pressure, the heart fails to maintain an adequate blood
circulation for bodily needs. The requirement for good venous filling pressure excludes
such conditions as vasovagal syncope and shock. Failure may develop suddenly as a
consequence of myocardial infarction or a rapid arrhythmia complicating valve
disease, according to Marshall and Shepherd, but often develops gradually; e.g., as a
consequence of hypertension, with sequelae of fluid retention, shortness of breath, and
decreased capacity to undergo exertion. Both stamina and alertness may be
impaired. In cardiac failure the circulation may be adequate during rest but
inadequate when the patient is stressed by exercise. However, the reserve
mechanisms of the heart and circulatory system are sufficient frequently to
compensate, at least in part, for months or years in the presence of extensive
myocardial disease. Scheidt et al. (1987) noted that the presence of adequate
reserves and a low potential for dysrhythmia (evaluated through exercise tolerance
testing) may allow even heavy-vehicle commercial driving.

Wielgosz and Azad (1993) wrote, citing various studies, that the average annual
incidence of new onset of congestive heart failure in individuals aged 65 to 74 years is
8.2 per 1,000 men and 6.8 per 1,000 women. This represents, they noted, a fourfold
increase over the incidence for people aged 45 to 54. After age 75, the incidence rises
exponentially in both sexes to approximately 13 per 1,000 (ages 75-84) and more
than 50 per 1,000 (ages 85-94). The prevalence of congestive failure also shows a
marked increase with age, from 3% for those aged 45-64 to 6% for those 65 and older,
and 10% for those 75 and older. However, the authors warned that these figures may
not be generalizable to racially and socioeconomically heterogeneous populations.
They concluded that heart disease need not preclude driving, but patients should stop
for a break after 90 minutes of driving and should not drive for more than 6 hours a
day.

Cardiac _arrhythmias. According to Marshall and Shepherd (1968), cardiac
arrhythmias are paroxysms of rapid heart action which, if long and sustained, almost
always occur as a complication of heart disease or some other condition directly
influencing cardiac function. Serious arrhythmias can decrease the supply of blood,
particularly to the brain, sufficiently to cause visual impairment, dizziness,
syncope—a sudden transient loss of consciousness and postural tone which may be
recurrent—and, in the extreme, sudden death. The types of heart disease most
frequently associated with arrhythmia in a sample of 501 survivors of sustained
ventricular tachycardia or ventricular fibrillation were coronary artery disease (70%),
dilated cardiomyopathy (7%), hypertensive heart disease (3%), and valvular disease
(2%) (Larsen, Stupey, Walance, Griffith, Cutler, Kron, & McAnulty, 1994).
Arrhythmias are treatable; e.g., by means of drug therapy or implantation of a
defibrillator.

Cardiac effects of pulmonary disease. Marshall and Shepherd (1968) noted that
many forms of pulmonary disease (see below) may eventually affect the function of
the heart. The term "cor pulmonale” is often applied to these situations, referring to
cardiac enlargement or failure in association with lung disease. Symptoms relevant
to driving are the same as for cardiac failure, with an exacerbated lack of brain
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oxygenation because of the underlying lung disease. This can cause cognitive
impairment which, if severe, can be considered a circulatory dementia.

Hypertension. Untreated hypertension usually progresses chronically without
significant symptoms until irreversible target-organ complications appear. These
complications include stroke (see cerebrovascular conditions), dementia (see above),
myocardial infarction, cardiac failure, and renal failure (Toole, 1984). Severe acute
bouts of hypertension can cause acute symptoms of headache, weakness, mental
disturbance, dizziness, and loss of consciousness—the potential for syncope caused
by severe hypertension being especially mentioned as a hazard to driving by Balkanyi
(1972).

Although diagnosed hypertension can usually be controlled through medications,
several of the most useful drugs have side effects which can impair driving (Leon,
Bercu, Dawson, & Lee, 1987). These side effects can include some of the same
symptoms as mentioned above—depressed reflexes, somnolence, syncope, and other
central nervous system effects. Thus initiation or change of medication is always a
concern in assessing the patient's ability to drive.

Cardiovascular conditions and driving. Crancer and O'Neall (1970), cited in Brainin,
Naughton, and Breedlove (1976), randomly selected groups of drivers with
arteriosclerosis, hypertension, rheumatic heart disease, and other heart diseases, and
compared them retrospectively to drivers ostensibly without medical conditions who
were matched on age, sex, and city of residence. Since exposure was not controlled,
the study related to societal risk rather than driving skill. The arteriosclerotic and the
hypertension groups were found to have accident rates significantly higher than those
of comparison drivers, while rates for other cardiovascular disease groups were not
significantly different from those of the comparison group. Violation rates for all
groups were comparable.

Waller and Naughton (1983), in a community-based study, examined the crash
experience of 725 Vermont drivers with ischemic heart disease. These patients were
compared with all Vermont drivers and with samples matched on (1) sex and
community of residence, and (2) sex, residence community, and age. For study
purposes the authors divided the patient sample into four severity levels based on
signs and symptoms of ischemic heart disease. Severity rating was then increased if
the patient had comorbid conditions and/or was over age 54; it was decreased if a
cardiac pacemaker had been implanted or coronary artery bypass surgery had been
performed. With respect to comorbidity, 41% of patients had hypertension and 23%
pulmonary disease; other commonly (in more than 10% of patients) coexisting
diseases were arthritis, depression, diabetes, alcoholism, and cerebrovascular disease.

Driver records were examined, with the attributed period of driving shortened for each
hospitalization episode plus a 45-day post-hospitalization recuperation period. Paired
control subjects were examined over the same time periods as the patients with
whom they were paired. Crash rates for male and female patients were substantially
less than the comparison group rates or the corresponding gender rates for the
Vermont driving population, understandable in view of evidence (from Waller, 1981)
that cardiac patients reduce their mileage considerably, cut down on long-distance
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driving and driving in bad weather, and tend to reduce driving alone, driving after dark,
and driving in heavy traffic. Even after correction for the probable lesser mileage of
study patients by inflating their rates by 20%, rates were still lower than those of
matched comparison subjects, although the differences were not statistically
significant.

Waller (1987) also reported on transportation needs and patterns before and after
hospitalization for heart disease. A group of 119 patients with acute or chronic heart
disease or arrhythmia was studied, and it was found that in addition to, and as a
possible explanation for, the driving changes indicated above, heart disease is
associated with profound changes in life style and specifically in the need for driving.
Some of these changes are retirement from work and cessation of some recreational
activities. On the other hand, there was no consistent shift toward use of public
transportation (not generally convenient, especially for a person in poor health) or
toward accepting more rides from others (including spouse and children) rather than
driving themselves. Driving oneself was always "by far" the preferred method of
transportation, even though it might have been only infrequently undertaken .

Consistently with Waller's (1981, 1987) evidence, Potvin, Guibert, Philibert, and
Loiselle (1990) reported that the crash odds ratio for male drivers aged 45-70 who
were known to Quebec's licensing agency as having cardiovascular disease, compared
to those not so known, was only .81. This value was significantly different from 1 (the
equal odds condition) at the 5% significance level. They attributed this apparent
protective effect of heart disease to less driving, particularly in harsh climatic
conditions, by drivers with the condition.

Reviewing studies conducted before 1978, Janke, Peck and Dreyer (1978) concluded
that the evidence suggests that the majority of cardiovascular patients do not pose
an increased hazard to society through their driving, tentatively attributing this to
their generally reduced exposure to accident risk. Potvin, Guibert, and Loiselle (1993),
in a critical review of more recent studies dealing with the traffic accident risk of
cardiovascular patients, similarly concluded that none of the well-controlled studies in
the literature have demonstrated a consistent increase in risk associated with
cardiovascular disease. However, they noted, methodological problems plague many
of the reviewed studies. These are the relatively low occurrence of accidents, the
difficulty of defining a suitable comparison group (cf. earlier discussion of which group
to use as a standard), classification difficulties (e.g., healthy controls may develop a
cardiovascular condition in the course of the study, unknown to the experimenter),
and uncontrolled variations in exposure to crash risk. (The last of these is relevant to
the validity of inferences made regarding the driving competence of persons with
cardiovascular disease. Here as elsewhere in the present review, our main interest
tends to be not the driving competence of patients, but rather the risk they may pose
to society.)

It seems fair to say that increased societal risk due to the driving of patients with
cardiovascular disease in their personal vehicles has not been shown. It is true that
Oetgen, Escher, Hanson, Jackson, Westura, and Wineglass (1987) noted, with
respect to the impact of cardiac dysrhythmias on commercial heavy-vehicle driving,
that although diagnostic and therapeutic capabilities have advanced rapidly, major
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concerns remain regarding the potential for sudden incapacitation, including cardiac
death. But standards for commercial drivers are much more rigorous than for private
passenger vehicle drivers, and justifiably so. Commercial drivers, unlike others, must
drive long hours under all types of weather and lighting conditions, and their large
vehicles are capable of causing great damage and traffic congestion, should a crash
occur.

Nevertheless, guidelines are required for driving recommendations in the case of
cardiac patients. Larsen et al. (1994), seeking to determine empirically what sort of
advice doctors should give their arrhythmia patients relative to driving, concluded on
the basis of outcome-event-free (survival) analyses that a conservative strategy
would be to advise most patients not to drive for 7 months. The outcome events of
concern for driving were sudden death, syncope, recurrent ventricular fibrillation (VF),
poorly tolerated hemodynamically unstable ventricular tachycardia (VT), or
implantable defibrillator discharge, occurring within a year after discharge from the
hospital. The risk of first occurrence of one of these events was highest in the first
month after discharge; it fell to a lower level in months 2 through 7, and in months 8
through 12 was quite low. The authors' method of determining what level of risk
would be acceptable (comparing monthly outcome-event hazard rates of patients to
monthly crash rates of population drivers) is questionable in that it does not explicitly
consider that the risk of a VT- or VF-related outcome is excess risk over and above the
normal crash risk of the population driver, which patients also share. But the
recommended interval does not seem inappropriate as a general guideline which could
be modified depending upon the circumstances of an individual case.

Cerebrovascular Conditions

According to Brainin, Breedlove, and Naughton (1977), cerebrovascular accident
(CVA) or stroke is a term used to describe three general conditions. One is blockage
in the flow of blood to part of the brain, caused by an embolus or thrombus. Another
is tissue/fluid pressure imbalance caused by an aneurysm of the wall of a blood
vessel. The third is rupture in a brain blood vessel wall; that is, an intracranial or
intracerebral hemorrhage.

Hopewell and van Zomeren (1990), citing a paper by Bush (1986), claimed that
stroke is the single most debilitating physical disorder affecting cerebral neurological
functioning, accounting in 1986 for an estimated 2.1 million pre-retirement years of
disability among the United States population. Also in 1986, it was estimated that
there are 500,000 new adult victims of CVAs annually in the United States (Siev,
Freishtat, and Zoltan, 1986) and that at any given time there are 2 million stroke
survivors. Of those surviving the initial insult, Siev et al. claimed, 50% will live
another 5 years and 75% will be rehabilitated to some degree of independence. While
noting a recent "dramatic" decline in stroke mortality, Hansotia (1993) cited Kurtzke
(1985) in presenting an estimate that, among Caucasian populations, the mortality
rate due to stroke is 50 to 100 per 100,000, the incidence rate 100 to 200 per
100,000, and the prevalence ratio 500 to 600 per 100,000. (Figures for other ethnic
groups were not given by Kurtzke.) Both morbidity and mortality studies show an
exponential increase in stroke rates with age.
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Incidence rates for transient ischemic attacks (T1As) range from .3 per 1,000 to 1.24
per 1,000 per year. TIAs, short-lived episodes of focal neurologic deficit, can precede a
stroke. The seriousness of a TIA is underscored by the fact that in the Caucasian
population of the United States the likelihood of stroke occurring in persons 65 to 74
years of age is about 1% per year, but in a matched TIA population the probability
increases to 5-8% per year. The deficit is a result of temporarily inadequate blood
supply to a part of the brain. Symptoms may include transient monocular blindness,
weakness on one side of the body, dysphasia (language deficit), apraxia (deficit in
voluntary movement), or confusion. TIAs, by definition, are supposed to leave no
residuum, but Toole (1984) noted that research in progress at that time indicated
long-lasting cognitive impairment in some patients.

As noted above, stroke or CVA has a sudden onset and impairment may progress in a
stepwise manner as a stroke occurs, some degree of restoration of function takes
place spontaneously or through rehabilitation, another stroke occurs, and so forth. If
no new stroke occurs, recovery is considered complete within 6 months to 1 year after
the CVA. Residual disabilities which are likely to increase crash risk can include
musculoskeletal impairments, sensory damage, perceptual and cognitive problems,
and emotional problems. Medications used to prevent additional strokes may also
increase risk through producing visual impairment, drowsiness, lightheadedness, or
impaired attention (Toole, 1984).

Specific symptoms depend upon the part of the brain affected, as well as the extent of
damage. Until recently, rehabilitation for strokes focused on restoration of motion
and compensation for lost functional skills, according to Siev et al. (1986), but more
recently there has been increased emphasis on perceptual and cognitive deficits
needing remediation.

A study by Edmans and Lincoln (in press) showed that up to 76% of stroke patients
admitted to hospital have a perceptual deficit. The perceptual/cognitive problems
following a CVA have been categorized by Siev et al. (1986) into body image and body
scheme difficulties, problems with spatial relations, apraxias, and agnosias
(perceptual lacks). Specifically visual perceptual/cognitive problems include visual
neglect and impairments in visual attention, oculomotor skills, and sensory visual
fields. All have obvious importance for driving; Hills (1980), following a review of the
literature on visual perception and driving, concluded that perceptual errors are a
major cause of traffic accidents.

Cognitive impairments and behavioral abnormalities resulting from single or multiple
strokes are well described by Toole (1984), whose discussion is summarized here.
Loss of the ability to form new memories, or amnestic syndrome, can be due to one or
more strategically placed lesions in the hippocampus-fornix system. Patients with
such lesions have intact recall for past events, normal speech and deportment, and in
many cases a remarkable ability to hide their deficit in recent memory; for example,
by confabulation. With multiple infarcts in the frontal lobes, patients do not dement
so much as they develop changes in personality, judgment, and attention. Cortical
neglect is a result of parietal or frontal lesions within the nondominant hemisphere,
which controls emotional tone, concentration, and visuospatial processing. The
condition is one of reduced awareness, or neglect, of the opposite side of the body and
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of external stimuli on that side. In some cases, Toole wrote, such lesions result in
bilaterally reduced awareness, at times accompanied by confusion and dementia.
There are also numerous miscellaneous emotional symptoms of cerebrovascular
disease, depending upon the location of the infarct. Patients may show inappropriate
laughing and crying, paranoia, mania, agitated delirium, or depression. Medial
occipitotemporal infarction and right temporoparietal infarction cause visual field
defects and loss of visuospatial ability, in addition to agitated and otherwise abnormal
behavior incompatible with safe driving.

Cerebrovascular conditions and driving. Sivak, Olson, Kewman, Won, and Henson
(1981) studied the perceptual/cognitive consequences of brain injury (23 cases)
including stroke (13 cases). Patients were compared with 8 orthopedically
handicapped and 10 healthy individuals. Several psychological tests, as well as tests
involving actual driving, were administered. In view of our interest here in
assessment, and to give a flavor of the discussion to follow in Part 3, the specific
psychological (perceptual and cognitive) tests used—chosen so as to involve minimal
motor skills—are listed:

1. A shortened version of the Ayres Space Test, in which the subject must decide, using vision
only, which of two blocks will fit a form board.

2. The Motor-free Visual Perception Test, a multiple-choice test in which the subject selects, by
pointing, the one figure out of four alternatives that is either the figure previously shown, an
embedded version, a transformed version, an incomplete version, or a different figure.

3. A shortened version of Picture Completion, a subtest of the Wechsler Adult Intelligence Scale
(WAIS); Wechsler, 1955) requiring identification of missing elements in sketched figures.

4. A portable version of the Rod-and-Frame Test of field dependence, in which the subject must
set a rod within a tilted frame to the vertical.

5. The Southern California Figure-Ground Visual Perception Test, in which the subject is
presented with a series of photographic plates consisting of superimposed or embedded
pictures of common objects, and must point to three pictures of objects (out of six alternatives)
contained in the plate.

6. The Symbol Digit Modalities Test (Smith, 1973), in which the subject, given a key, recodes
abstract figures into digits.

7. Picture Arrangement, a subtest of the WAIS in which pictures must be arranged in sequence
to tell a story.

8. The Porteus Maze Test, in which the subject traces a path through a printed maze.

9. The Abstract Reasoning Test, in which the subject must select one of five alternatives that
would logically continue a series of four figures.

10. Arithmetic, based on a subtest of the WAIS and modified so that subjects can point to the
correct answer.

11. Digit Span, a subtest of the WAIS in which the subject must repeat random strings of digits
given by the examiner, either in forward or backward order.

12. Vocabulary, a test involving matching words to pictures with no verbal response required.
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In addition to the above, subjects were administered tests of visual acuity, depth
perception, and choice reaction time. Driving exercises performed on a closed course
required straight-line tracking, following a figure 8, S-curve tracking, stopping next to
a cone with eyes shut, and S-curve tracking with a secondary task. Driving was also
done on the open road, the test being based on that of Jones (1978). Five categories
of driving actions were evaluated: gap acceptance, observation of limit lines, traffic
checks, direction control, and speed control. Four brain-damaged subjects were
excluded from open-road driving because of the judged severity of their impairment,
but the other 19 completed the road test. The best predictors of whether subjects
would be judged fit to take the on-road test were the Rod-and-Frame Test (signed
errors) and the Symbol Digit Modalities Test (both written and oral forms). A
Composite Driving Index (CDI) was calculated as the mean of the percentage correct
over all categories of actions on the open-road driving test. Correlations of
psychological test scores with driving scores were obtained.

Study methodology was flawed in that there were few subjects, divided into five
groups (10 right hemiplegics, 6 left hemiplegics, 7 diffusely brain-damaged, 8 spinal-
cord damaged, and 10 able-bodied), and separate t-tests comparing each group with
every other on many different items of behavior, thereby substantially inflating the
probability that at least one of the comparisons showed spurious statistical
significance. The results should thus only be considered suggestive. However, it is
worth mentioning (and predictable) that directional trends were pervasively in favor
of the able-bodied. Whenever statistically significant differences were found between
groups on the perceptual/cognitive tests they favored the able-bodied, and the spinal-
cord group—with the exception of performance on the Symbol Digit Modalities Test
(both oral and written versions)—was statistically indistinguishable from the able-
bodied. On closed-course driving tasks, all statistically significant differences were in
favor of the able-bodied, who never differed significantly from those with spinal-cord
damage. On the road test, the combined group of brain-damaged subjects was
significantly inferior to the able-bodied group on a Composite Driving Index (CDI)
consisting of the mean percentage correct over each category of on-road driving
actions; they were also significantly inferior to the combination of able-bodied and
spinal-cord damaged subjects. Stroke patients in the brain-damaged group did not
differ significantly in their driving scores from patients with cerebral palsy or
traumatic brain injury, but of course there was little statistical power to find a
difference.

It is more interesting to consider which tests predicted driving performance.
Predictors for the brain-damaged were found to be different from those for control
subjects. For subjects with brain injury, the CDI correlated significantly with scores
on Picture Completion (r = .72), depth perception (r = .52), and Picture Arrangement
(r = .46). For controls, significant correlations with the CDI were found for the
Porteus Maze Test (r =.77), unsigned errors on the Rod-and-Frame Test (r = -.62), the
Abstract Reasoning Test (r = .55), and time-adjusted scores on the Ayres Space Test
(r =.52). It is noteworthy that Ravestein, Veling and Gaillard (1982), cited by van
Zomeren, Brouwer, and Minderhoud (1987), found no relationship between the
performance of brain-injured patients in closed-course driving and their scores on the
Picture Completion and Picture Arrangement subtests. However, their findings are
not inconsistent in that respect with those of Sivak et al. (1981) since, in the Sivak et
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al. study, closed-course driving measures were not significantly correlated with the
open-road CDI among brain-damaged subjects. This was not the case for subjects
without brain damage, for whom measures associated with displacing cones during
straight-line and S-curve tracking on the closed course (with or without a secondary
task) were significantly correlated with CDI scores, correlations being in the
neighborhood of -.60.

Wilson and Smith (1983) studied stroke patients who had been cleared by hospitals to
resume driving. In a road test these patients showed difficulties in entering and
leaving the highway, driving in roundabouts (traffic circles), and performing two tasks
at once in an emergency. They showed lack of awareness of potentially interacting
vehicles and difficulty in aligning their vehicles with the side of the road. These
findings, they wrote, call into question the adequacy of driving decisions presumably
made on a medical basis alone.

Legh-Smith, Wade, and Langton (1986) conducted a survey dealing with driving after
a stroke. A total of 492 CVA patients were interviewed. Data were collected from
patients' caregivers on pre-stroke driving practices as soon as possible after the
CVA, and data on functional disability, cognitive ability, depression, and driving were
then collected 1 year after the stroke. Of those who had been drivers preceding their
CVA (39%), 42% were driving one year post-CVA. This group was younger, less
disabled, and had better cognitive functioning than had those who had given up
driving. Cessation of driving did not depend upon the cerebral hemisphere affected
(the right hemisphere being implicated in visuospatial perception), and was
associated with depression and decreased social activities, even though many
patients had access to transportation through drivers within their own household or
outside it. It was not determined whether the depression noted by Legh-Smith et al.
was caused by post-CVA disabilities, by the reduction in social activities, or by their
combined effect.

Quigley and De Lisa (1983) reported on a group of 50 post-CVA subjects who
underwent driver retraining. Of this group, 31 were relicensed. The authors noted
differential licensing rates for patients with lesions in the left as opposed to the right
cerebral hemisphere; 74% of the patients with left CVAs passed the driving test, as
compared to 52% of the patients with right CVAs. As noted above, the right cerebral
hemisphere is implicated in perception of spatial relationships. In addition, unilateral
neglect is usually found in the left visual field, corresponding to a right-hemisphere
lesion (Heilman & Watson, 1977). Quigley and De Lisa found that their subjects
showing unilateral neglect tended to drift sideways while driving, while some subjects
had to be excluded from actual driving practice for such reasons as poor planning and
judgment or lack of caution. Other problems which Quigley and De Lisa noted among
patients were inability to perceive hazards and inattentiveness to signs, difficulty in
sequencing their actions in starting and stopping the vehicle, and confusion at two-
stage commands and between left and right.

In a paper reviewing studies on acquired brain damage (including dementing
conditions already discussed as well as stroke, trauma, etc.) and driving, van
Zomeren, Brouwer, and Minderhoud (1987) viewed these in terms of the Michon
(2979) model of driving. This model, described in Part 1, delineates three hierarchical

59



AGE- RELATED DI SABI LI TI ES THAT MAY | MPAI R DRI VI NG AND THEI R ASSESSVENT

levels of task performance, the highest being strategic (e.g., trip planning), the next
tactical (e.g., adapting speed to traffic, deciding to pass another car), and the lowest
operational (e.g., handling the vehicle, dealing with immediate hazards). The authors
noted that information about impaired driving skills on the strategic level for brain-
injured subjects is scarce, although several published reports cited by van Zomeren et
al. indicate decrements in planning, judgment, and impulse control which would
certainly impact the strategic level of task performance as well as the next levels.
Some of the impairments found on the tactical level by various authors were the poor
planning and judgment as shown in moment-to-moment traffic situations, inability to
perceive hazards, and incautious behaviors noted by Quigley and De Lisa, as well as
impulsiveness, reduced awareness of traffic conditions, distractibility, and rigidity.

Commenting on whether brain-damaged subjects show impairment in basic driving
skills (operational level), van Zomeren et al. (1987) noted that there is little concern
expressed in the literature about motor deficits like hemiparesis, since it is relatively
easy for technical adaptations of the vehicle to compensate for such impairments.
Most of the other impairments described in the literature fit into five general
categories, van Zomeren et al. stated. These are inadequate visual scanning and
other visual problems like diplopia and field defects, problems in spatial perception
and orientation (e.g., confusion of left and right), poor tracking (e.g., when attempting
to drive in a straight line or when following a curve), slowness in acting, and confusion
when more complex actions have to be carried out. Personal communication of the
authors with the staff of a Dutch rehabilitation center added two relevant
observations. In their training program rehabilitation staff noted poor tracking, but
in addition they noted problems resulting from poor coordination of the legs. Their
patients had difficulty in controlling the brake and accelerator—they were braking too
brusquely and were unable to drive very slowly, as required in highly congested traffic.
The driving instructor noted that some trainees were able to judge traffic adequately
when riding a bicycle, but not when driving a car. In his view, stimuli came too fast in
the latter case. In the view of van Zomeren et al., the greatest operational problems
of brain-injured drivers appear to be in the visuospatial sphere, and in an inability to
deal with complex situations that require rapid sequencing of responses.

Due to the variable nature of brain damage, van Zomeren et al. (1987) concluded that
while only about half of the population with cerebral lesions can be trained to an
acceptable level of driving skill, those who do resume driving cannot be described as a
high-risk group. In future research, they believed, attention should be paid to the
variables of etiology, size of lesion, site of lesion (e.g., right- as opposed to left-
hemisphere strokes may lead to more driving impairment), and interval since the
beginning of the cerebral disease or the moment of injury. Another informative
variable, they believed, would be the amount of previous driving experience, since
overlearned skills may be less vulnerable to brain damage. In a thought-provoking
passage they also stated that, in the case of stable brain lesions, patients commonly
compensate for deficiencies by adaptively modifying their driving style and limiting
their driving. But this requires that they be aware of their deficits, and to this extent
their insight and self-critical abilities must be functional. Therefore the most
important cause of increased crash risk for brain-injured patients may be the
negative personality changes resulting from lesions in the frontal lobes, in
combination with instrumental shortcomings. This implies, and van Zomeren,
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Brouwer, Rothengatter, and Snoek (1988) recommended, that brain-injured
individuals be assessed in future research not only on their instrumental abilities and
shortcomings for driving but on higher levels of cognitive ability as well. Specifically,
patients should be objectively tested for their impulsiveness and lack of self-criticism;
some techniques the authors suggested were laboratory hazard perception tests and
tasks requiring patients' evaluations of their own performance on cognitive tasks of
increasing difficulty.

Hopewell and van Zomeren (1990) later considered evidence on the influence of lesion
site, citing a paper by Diller and Weinberg (1970), who studied test performance in
subcategories of stroke patients formed by lesion site and accident experience. In a
group of left hemiplegics, those who had two or more driving accidents during
rehabilitation were found to have difficulties in environmental scanning, and made
many errors of omission on a visual cancellation test. In contrast, left hemiplegics
with fewer than two accidents made few errors on the test. Right hemiplegics with
two or more crashes were reported to make few visual scanning errors but to show
motor slowness in completing the task; those with fewer than two crashes performed
the task at almost normal speed. Thus there was evidence for behaviorally distinct
patterns of impairment associated with laterality of lesion. Hopewell and van
Zomeren also noted that cerebral asymmetry has been shown to be important in
influencing risk-taking behavior, citing a study by Drake (1985).

Galski, Ehle, and Bruno (1990) assessed instruments developed to determine fitness
to drive, studying 37 patients aged 17 to 77 with either brain trauma (14 cases) or
CVA (23 cases). These tests included a neuropsychological predriver evaluation
consisting, e.g., of tests of attention, reaction time, and visuospatial perception; a
parking-lot driving test of vehicle-handling skills regarded as important; and an on-
road driving assessment of abilities needed to drive in actual traffic situations.
Neither the predriver evaluation outcome nor any of the predriver tests individually
were significantly associated with the road-test outcome (pass/fail). These findings,
according to Hansotia (1993), raise serious doubts about the validity of perceptual
and neuropsychological tests to assess the skills and abilities required for safe driving.
However, the subject sample of Galski et al. was small, yielding only low statistical
power, and the tests appear to have been generally unstandardized and easy (with
81% of patients passing most of them). In any case the road test was probably
unreliable; the authors believed that subjective judgments were probably used in
determining its outcome, because even tests showing high face validity with respect
to driving fitness (such as depth perception) were poorly correlated with outcome.
The parking-lot section of the test also yielded little useful information; only one of 10
items from this section predicted the driving test outcome, and no item accounted for
a significant proportion of the variance. However, parking-lot exercises were felt by
Galski et al. to be useful as a source of clinically useful information and to exclude
unsafe drivers, and therefore should be retained. Further research based on a driving
task analysis was recommended by the authors, who stated that atheoretically
selected tests are often not meaningfully related to behind-the-wheel performance
and add little to the understanding of factors relevant to driving safety.

Development and validation of such a driving task analysis was carried out and
reported by Galski, Bruno, and Ehle (1992). Their model, the "Cybernetic Model of
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Driving," was designed to be a testable construct for identifying and determining the
relative importance of various abilities in driving after cerebral damage. It
conceptualizes driving in terms of perceptual and cognitive information processing,
and consists of an integrated system of component mechanisms to process
information and perform behaviors involved in safe driving. Some of these
components are a general driving program, a specific driving program to set and
implement a particular driving plan, and a calculation and construction co-processor
which coordinates incoming sensory information provided by scanning and directed
attention. In testing the model, 35 brain-injured patients with ages ranging from 18
to 87 were administered a battery of psychometric tests measuring perceptual and
cognitive abilities important in the model, simulator tests (Doron L-225) of response
to general traffic situations and hazard avoidance, and behind-the-wheel driving in a
parking lot and on the road. The on-road driving measure, quantified as a "street
index" in which individual dichotomous (pass/fail) item scores were multiplied by their
importance-rank and summed, was the criterion. Taking into account the
psychometric tests in the predriver evaluation, the simulator test measures, and
behaviors shown in the parking lot test (e.g., failure to follow instructions), the
authors were able to explain 93% of the variance in the street index. Sixty-four
percent of the variance was explained by specific predriver evaluation tests
measuring visual perception, visuomotor coordination, visuoconstructive abilities,
scanning, and selective and sustained attention. There were too few subjects and too
many tests in this study for the multiple regression results to be definitive, but the
magnitude of the simple correlations for some of the tests is noteworthy. Several of
these tests (e.g. Raven's Progressive Matrices error score [r = -.61], WAIS-R Block
Design [r = .60]) are described in Part 3. The highest simple correlations were
obtained for the parking-lot index (r = -.73) and some of its constituent behaviors,
distractability (r = .72) and inattention (r =-.71). Another relatively high correlation
was obtained for percent valid steering responses in the threat recognition simulator
test (r = .69).

A later study (Galski, Bruno & Ehle, 1993) did not attempt to cross-validate their
multiple regression model but instead conducted a discriminant function analysis to
predict behind-the-wheel evaluation failures. The investigators administered to 106
patients (58 with traumatic head injury and 48 with CVA) a battery of psychometric
tests, simulator (Doron L-225) evaluations of general driving strategies and hazard
avoidance, and behind-the-wheel evaluations (lot and street). The individual
measures included in all of these had been identified as significant predictors by
Galski et al. (1992), and lot and street indices were calculated as before. It is
noteworthy that performance on the predriver psychometric evaluation battery had
sensitivity of 71% and specificity of 87% in predicting driving evaluation failure. With
the addition of observed behaviors (e.g., inattention, impulsivity, distractability),
sensitivity became 82% and specificity 91%. For the simulator measures sensitivity
was 65% and specificity 80%; the addition of observed behaviors brought the
sensitivity to 88% and the specificity to 92%. Within the driving evaluation itself,
both the lot index plus observed behaviors and the street index plus observed
behaviors had a sensitivity of 92% and a specificity approaching 90%.

Jones, Giddens, and Croft (1983), assessing for driving capability a remarkably large
sample of 300 brain-damaged (including stroke) patients, found that while most of
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them performed well in the off-road tests, they were generally unreliable, emotionally
unstable, and erratic on the road. Because of this they felt that off-road testing
should simply complement, rather than replace, on-road testing. Their findings are
consistent with findings of Galski et al. (1990) and Sivak et al. (1991) in that the
closed-course driving of brain-injured subjects was not significantly correlated with
their composite road-test score. Brain damage was inferred to exert its effect on
driving through impairment of perceptual/cognitive, rather than more clearly
sensorimotor, abilities. (It is of some interest also that Jones et al. found essentially
equivalent fail rates on their driving task for patients with left-hemisphere [42%
failure] and right-hemisphere [48% failure] lesions.)

Kumar, Powell, Tani, Naliboff, and Metter (1991) conducted a study evaluating 16
post-stroke, hemiplegic patients aged 56 to 69 who wished to be allowed to return to
driving and succeeded in completing a driver training program; nine other similar
patients were not able to complete the program. The Kumar et al. study is considered
here because although the sample size was extremely small, some statistically
significant and interesting results were found. Before they entered the program,
patients’ perceptual/cognitive abilities were assessed by means of the Folstein Mini
Mental Status test (MMSE; Folstein, Folstein, & McHugh, 1975), the WAIS
(Wechsler, 1955) Digit Symbol, Picture Completion, Picture Arrangement, and Block
Design subtests, and Trail Making Tests A and B (Reitan, 1958). (These tests are
described in Part 3.) After evaluation, patients began a driver training program, in
which the driver training therapist was unaware of results of the neuropsychological
tests. The program consisted of visual testing, classroom instruction, training on a
driving simulator, and behind-the-wheel training in a dual-controlled car. Initial
behind-the-wheel training began on the hospital grounds, progressed to surface
streets, and culminated in freeway driving. Patients graduated from one level to the
next only after the driver training therapist reportedly felt "comfortable” with the
patient's performance.

After completion of training, patients were escorted to a DMV office for testing and
obtaining a driver license. Thirteen patients obtained licenses. Whether or not they
were licensed, all 16 patients were personally interviewed after 6 months and
reinterviewed by telephone after 2 years. Following the 6-month interview, they were
divided into three groups based on their success in obtaining a license and on
information about driving patterns for those who drove. Group | (n = 6) reportedly
drove without difficulty on surface streets and freeways, in busy traffic hours and in
unfamiliar surroundings. Group Il (n = 7) did not drive on freeways, but drove on
surface streets using familiar routes. These patients also reported avoiding
congested traffic and hazardous weather conditions. If they had to drive in unfamiliar
surroundings, they planned their trips and familiarized themselves with the route
prior to driving. Group 111 (n = 3) had not succeeded in obtaining driver licenses. At
the 6-month followup, no patient reported being involved in an accident or incurring a
traffic citation. At the 2-year telephone followup, one patient in Group | had died, one
had been rear-ended while stopped at a traffic signal, and one now planned his trips
and avoided difficult driving conditions. All patients in Group Il continued to drive
with limitations, and none reported accidents or citations. Patients in Group I, the
authors noted, had required more extensive driver training than those in Group I,
including repeated use of a driving simulator.
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Despite the lack of power due to very small sample sizes, analysis of
perceptual/cognitive test results by Kumar et al. (1991) showed significantly poorer
performance for Groups Il and 111 combined than for Group | on Digit Symbol, Picture
Completion, Picture Arrangement, Block Design, and Trails A. Predictably, given
sample sizes, there were no significant differences on neuropsychological tests
between Groups Il and I1l. The authors stated that their results suggest that some
patients with significant cognitive and perceptual deficits can return safely to limited
driving, although there is a need for careful evaluation of driving capability. But with
the results of neuropsychological tests alone, they concluded, it would be difficult to
determine which persons in an impaired group would be successful.

The conclusion of Kumar et al. (1991) agrees in essence with that of Hansotia (1993),
whose review noted, for example, that in a study of 22 brain-damaged patients by
Katz, Golden, and Butter (1990) neuropsychological test results could not distinguish
between those who had experienced driving difficulty and those who had not (quite
possibly a low-power phenomenon), and that in a study of elderly male active or
former drivers by Retchin, Cox, Fox, and Irwin (1988) mental status, ranging from
normalcy to cognitive impairment, was not associated with whether subjects were
still driving or not. Hansotia concluded that a precise determination of driving
competence is currently not possible in persons with cerebrovascular accidents or
other forms of brain injury or degenerative brain disease. Some patients would be a
hazard on the road; others would pose no risk. Since physicians vary widely in their
ability and experience in judging the competence and safety of those between the
extremes, a standardized approach is essential both to ensure the avoidance of bias
and the safety of the driver and the general public. Eventually, he wrote, after
appropriate tests have been developed, a battery of tests for the elderly at age 65 and
at regular intervals thereafter may be used. Until then, one course of action would be
to adopt a rule similar to that used in the United Kingdom for drivers with
cerebrovascular disease, according to which all persons with TIAs or cerebrovascular
accidents have their driving privilege suspended for 3 months. This suspension, with
a careful assessment at the end of the suspension period that includes examinations
of visual field defects, visual inattention, memory and cognitive impairment,
visuospatial function defects, and motor impairment, is a possible option for use in
the United States, Hansotia stated. Another not incompatible option is for
physicians to refer, using a set of standard criteria, some patients with such
symptoms as cognitive or memory failure, frequent falls, or urinary incontinence for a
diagnostic road test

Ocular System Disease

Some changes of normal aging in the visual system have been discussed in Part 1 at
a very general level. Somewhat more detail will be given here, because the boundary
between normal decline and subclinical pathology seems especially difficult to
delineate in the visual area. Staplin, Breton, Haimo, Farber, and Byrnes (1987)
pointed out that normal elderly people have reduced sensitivity to light intensity and
contrast. They need increased levels of signal luminance and contrast for perception,
but signals of too high an intensity can cause disability glare. According to these
authors, aging reduces contrast sensitivity by a factor of 3 between the ages of 20
and 70, and the detrimental effect of glare increases by a factor of about 2. Evans
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and Ginsburg (1985) found in a small-sample study that although all subjects had at
least 20/20 visual acuity, the contrast sensitivity curves for 7 older (aged 55-79) and
13 younger (aged 19-30) subjects did not overlap, the older group tending to have
lower contrast sensitivity at each spatial frequency, with age differences being
especially notable at intermediate and high frequencies. Differences between the
contrast sensitivity curves were significant only at 3, 6, and 12 cycles per degree
(cpd), but statistical power was limited because of the small humber of subjects.
Owsley, Sekuler, and Seimsen (1983), in a large-sample study of contrast sensitivity,
found that contrast sensitivity for spatial frequencies above 2 cpd begins to decline
around the age of 40 and is significantly and substantially attenuated at 8 and 16 cpd
by age 60.

Pulling, Wolf, Sturgis, Vaillancourt, and Dolliver (1980) tested physiological glare
thresholds and headlight glare resistance of 148 subjects ranging in age from 5 to 91.
Of the total, 118 subjects were not tested for headlight glare resistance, but the
remaining 30 were tested on both measures. Measurement of physiological glare
thresholds involved determining the threshold for target recognition at varying glare
levels and background luminances. Measurement of headlight glare resistance used a
driving simulator; headlight glare was varied and subjects were instructed to slow
down when the brightness became so great as to impair their detection of hazards.
This response—or erratic steering, collisions, etc.—showed that the glare
acceptability threshold had been reached, and was a cue to the experimenter to
decrease headlight intensity in increments until the subject resumed normal driving.
The headlight glare resistance was then a function of the ratio, at acceptability
threshold, between headlight luminance and ambient illumination. Results of testing
were consistent with hypotheses that "functional senility" commences in the eye
during middle age, and that resistance to glare declines in later years at an
accelerating rate. (Here, as implied above, the acceleration may have been due in
part to subjects’ increasingly greater likelihood of acquiring pathological vision
conditions as they aged, rather than completely to the characteristic decline
associated with normal aging.)

From the studies cited above, and others, one can conclude that functional aging of
the visual system tends to put older drivers very much at a disadvantage in night
driving situations, where contrast is low and headlight glare is present. Staplin et al.
(1987) also noted that the differing response capabilities of the old versus the young
in use of pavement markings and delineation take on added importance under
conditions of bad weather with, perhaps, wet, reflective pavements. Water on the
road reduces the contrast of pavement markings; the authors noted that the roadway
is only 1/5 to 1/10 as bright when wet as it is when dry.

A dramatic decline in group average visual acuity occurs after age 60 or 70. It has
been attributed (in the Framingham eye study of Leibowitz, Krueger, Maunder,
Milton, Kini, Kahn, Nickerson, Pool, Colton, Ganley, Loewenstein, & Dawber, 1980) to
four pathologic factors—cataracts, senile macular degeneration, other retinal
pathology including diabetic retinopathy, and glaucoma, implying (as Staplin et al.
noted) that only a small loss can be attributed to slow changes of "normal aging” in
the eye. Leibowitz et al. found that 90% of persons aged 65 or more whose better eye
had a corrected visual acuity of 20/30 or worse also had one of the four diseases. The
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numbers of such individuals are not negligible—for elderly people as a group, it has
been estimated (Owsley & Ball, 1993) that 19% of adults aged 65 to 75 have at least
one of the conditions, as do 50% of those aged more than 75. Elderly individuals, these
authors noted, have been estimated as constituting 70% of the low-vision population.

Most visual system pathologies produce a reduction in contrast sensitivity, but
glaucoma and cataracts produce the most marked reductions (National Research
Council, 1987). The major effect of a cataract on light is to back-reflect and scatter
it, as Staplin et al. (1987) noted. Back-reflection in a dense cataract may drastically
reduce the proportion of incident light reaching the retina, but even less dense
cataracts may reduce the contrast of the retinal image to a degree greater than one
would expect, based on the proportion of incident light reaching the retina. Another
effect of the scattering of light caused by lens opacities is disabling glare.

It might be thought that cataracts would invariably impair visual acuity as well, but
some cataract patients who are believed by their ophthalmologists to have
significant glare disability and/or contrast sensitivity loss have little decrease in their
visual acuity. For example, Adamsons, Rubin, Vitale, Taylor, and Stark (1992),
wishing to determine the effect of cataracts on glare and contrast sensitivity, tested
83 subjects with varying types and amounts of lens opacities, and 27 comparison
subjects without opacities. Their data confirmed that although individuals with mild
to moderate lens opacities have diminished contrast sensitivity and increased glare
disability, increased age and decreased visual acuity account for little of this disability
(except for individuals with nuclear opacity). These results, Adamsons et al. wrote,
are consistent with previous reports showing that glare and contrast sensitivity
results are unrelated to visual acuity.

Epidemiological data indicate, according to Schieber (1988), that 5 to 7 percent of
those aged 65 or more suffer from cataract. (This prevalence led him to urge that
contrast sensitivity screening be done more widely.) Cataracts are often not detected
and diagnosed until so advanced that even high-contrast acuity is impaired, he noted.
As a result, many of these patients drive. Reuben, Silliman, and Traines (1988)
pointed out that the prevalence rates of cataract and age-related macular
degeneration triple in the group over age 75 as compared to the rate for persons aged
65-74, and are increased more than tenfold compared to the rate for persons younger
than 65.

The association of glaucoma with age is less clear, according to Reuben et al. (1988),
but this disease may be twice as common in persons aged 75 or more as in those
younger than 65. Schieber (1988) reported that glaucoma is only slightly less
prevalent than cataract, affecting 3 to 5 percent of those aged 65 or more. This
condition, which can cause blindness as excessively high pressure builds up within the
eye, unfortunately develops insidiously. According to Schieber, the patient feels no
pain and often fails to note the diminished peripheral field of view which accompanies
the condition.

Of retinal changes with aging that are generally considered normal, Staplin et al.

(1987) noted as most prevalent the appearance of clinically evident drusen in the
retina. These are clear or yellowish bodies formed from degenerated retinal pigment
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cells, found in the retinas of 30-50% of individuals over age 60. For those not seriously
affected the appearance of drusen may, as indicated, be considered part of normal
aging, although suggestions have been made that excessive light exposure leading to
oxidative changes may promote the process. But between 1 and 5 percent of those
affected go on to develop the pathological condition of senile macular degeneration
(SMD), in which the central area of the retina, which provides the best visual acuity
under photopic conditions, degenerates. SMD is the leading cause of blindness in the
elderly; although more people have glaucoma or cataracts, these are not so likely to
lead to blindness. Schieber (1988) noted that the development of debilitating retinal
disorders such as maculopathy can be expected to occur in 1-3% of those over age 65.

Other important retinal pathologies are diabetic retinopathy and retinal artery and
vein occlusions, all of which increase in frequency in old age. In diabetic retinopathy,
deterioration of the vascular support of the retina can lead to ischemia and from
there to pathological generation of new blood vessels, hemorrhage and blindness.
Reuben et al. (1988) noted that persons aged 65 or more with longstanding diabetes
(of at least 15 years) have a prevalence of this condition approximately twice that of
persons with a disease duration of 5 years or less. Among diabetic drivers, they
wrote, 8% have proliferative retinopathy, 5% are blind in one eye, and 2.4% have
severe bilateral decrease in visual acuity. The hyperglycemia of diabetes mellitus is
also associated with blurred vision in the absence of retinal disease, due to changes in
the hydration of the lens.

In discussing the possibility for cures of the above conditions, Staplin et al. (1987)
remarked that most of the progress to date has been made in arresting rather than in
curing them. In glaucoma, drugs can control intraocular pressure, while laser or
conventional surgery can open aqueous outflow paths. But optic nerve damage
cannot be reversed. Retinal vascular complications can be contained to some degree
by laser photocoagulation treatment, but the most serious complications affecting
the macula cannot be treated in this way because the treatment might destroy
normal retinal tissue. The most dramatic exception in terms of successful cure is the
surgical procedure for lenticular cataracts. The incidence of cataract rises
dramatically with age to over 40% of those 80 years old or more, a rate the authors
noted to be far above that of any other pathologic category. While the condition is
curable, complications of surgery occur at a low but significant rate, and therefore
surgery may not be attempted unless the cataract has advanced to an opaque
status. For this reason cataract, despite an effective treatment, still contributes to
reduced functional capacity in the elderly.

Ocular_system disease and driving. There is a large literature concerning the
relationship of vision variables to driving, some of which is covered in other parts of
the review. Here the emphasis is on the relationship between pathological conditions
affecting the ocular system and traffic accidents or convictions. It is self-evident that
some pathological conditions like macular degeneration can obscure vision to a point
where the patient cannot drive and knows that (s)he would be an unsafe driver. At
less severe levels, however, ocular pathology can have an unrecognized effect. For
example, Johnson and Keltner (1983) undertook automated visual field screening of
10,000 volunteer driver's license applicants, finding that approximately 13% of
persons above age 65 showed field loss; in 3.5% the loss was severe. The proportion
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was much smaller for those aged less than 65, and followup results indicated that the
most common causes of visual field loss were glaucoma, retinal disorders, and
cataracts. Drivers with binocular field loss had traffic accident and conviction rates
(adjusted for exposure) twice as high as those with normal visual fields, over the three
years prior to testing. This finding was somewhat novel, in that other authors (e.g.,
Burg, 1967; Shinar, 1977) had reported little or no relationship between peripheral
visual function and driving performance. However, as Johnson and Keltner noted,
these earlier studies used nonstandard and nonvalidated perimetric methods.

In a more recent study, Szlyk, Severing, and Fishman (1991) assessed the driving
performance, in an interactive simulator test developed by Atari Games Corporation,
of subjects showing varying degrees of peripheral visual field loss due to retinitis
pigmentosa (RP). This degenerative retinal disease is characterized by atrophy and
pigmentary infiltration of the inner layers of the retina. Performance of the RP group
(n = 21) was compared with that of 31 visually normal control subjects. Subjects in
both groups were required to have Snellen acuity of at least 20/40, a commonly used
driver vision screening standard, and in fact all drove regularly. Generally speaking,
subjects in the Szlyk et al. study were not elderly; the youngest were in their thirties
and the oldest in their sixties. The groups were statistically equivalent in age, gender,
years of driving experience, and annual mileage. After measurement of binocular
visual fields, subjects completed the simulation exercise, in which they had to follow
road signs, stay in the proper lane, and react to objects in the periphery, among other
tasks. Subjects also reported the number of crashes in which they had been involved
within the last five years, and Illinois driver records covering the last five years were
obtained. (The latter included only accidents in which police were called to the scene
and filed a report.)

Subjects with RP reported significantly more accident involvement than did control
subjects. This was true both for total accidents and for accidents involving failure to
detect peripheral information. Risk varied directly with severity of visual field loss.
No significant differences between groups were found for state accident records,
perhaps not surprising in view of those records' limited nature as noted above. RP
subjects showed a nonsignificant but suggestive tendency (p < .12) for a higher rate of
simulator crashes than the control rate; they traveled significantly greater distances
before reacting to peripheral information, strayed out-of-lane significantly more often,
and showed significantly more compensatory lateral eye movement.

Lange (1990) examined, in a case-control study, traffic violation conviction records as
an indicator (not entirely satisfactory) of hazardous-driving risk for 87 elderly low-
vision drivers licensed in Arizona, medically reviewed, and restricted to daylight
driving because of reduced static acuity. Lange's cases, who were between the ages
of 75 and 100, were contrasted with two control samples of similar age, one a sample
medically reviewed but not given a daylight restriction and the other a random
sample of licensed drivers. Although the cases' pathological conditions were not
described, the author wrote that at least 25% of them had macular degeneration.
Moving violations over a 5-year period were examined. For medically reviewed
subjects the review occurred somewhere within that period but the exact time was
not identified, and so it could not be stated with certainty whether relatively more
violations occurred before the medical review. The results showed that male cases did
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not differ significantly from either control group in total convictions, "visual
iImpairment" convictions, or incidence of multiple convictions; this may have been due
to control of their exposure, and therefore their risk, by the license restriction. In
contrast, female cases had means significantly higher than those of the randomly
sampled controls on all these indices. (Female cases were not significantly different
from the medically reviewed control group, however.)

Lange admitted the existence of many factors other than visual ones which cause
drivers to violate the rules of the road, one of them being impairment in vision
functions other than static acuity. Nevertheless, she wrote, static visual acuity
measurement remains the most financially feasible vision screening mechanism on
the market, and evidence on which to base individual licensing decisions should start
with what is available. Recommendations for progressively restricting the driving of
elderly people with reduced acuity followed—some suggested restrictions being
permission to travel only within a limited distance from home, a prohibition against
freeway driving, a requirement for testing of other visual functions, and/or a
requirement to submit periodic vision reports as a condition of maintaining a license
to drive. (Such a program is discussed at greater length in Part 5.) The striking sex
difference was tentatively explained on the basis of the women's characteristically
limited driving experience, which may have made them more susceptible to (unable to
compensate for) the effect of reduced visual acuity, so that the restriction to daylight
driving was inadequate to control their risk. (Women aged 75 or more in 1989 were
born before World War |, and female drivers in that cohort tended to have a short
driving history.)

Chronic Obstructive Pulmonary Disease (COPD)

Although maximum ventilatory capacity decreases with age, the capacity of normal
individuals for strenuous exertion has never been found to be limited by this (Lefrak &
Campbell, 1981). Rather, oxygen delivery by the cardiovascular system is always
the limiting factor in determining maximal oxygen consumption, and accounts for the
decrease in maximal aerobic work the elderly are capable of performing. A healthy
person, even of advanced age, has no respiratory symptoms. However, according to
Black (1981), chronic obstructive pulmonary disease (COPD) is a common condition;
in a study of a community with no air pollution, the prevalence of COPD based on
spirometric measurements was 13% in men and 4% in women. A study of male
smokers and nonsmokers over 40 years of age carried out during the course of a
general medical examination showed a prevalence of 16%. In 1975, mortality from
the condition was 19 per 100,000, and morbidity and mortality from COPD are
increasing in women. The primary etiologic factor is cigarette smoking.

Black (1981) described the natural history of the condition as follows. The disease
has a time span of 20 to 30 years, and decline of lung function probably occurs as a
series of steps over time. The typical patient destined to develop COPD is a cigarette
smoker who reports the symptoms of chronic bronchitis. A measure of maximal air-
flow rate or average forced expiratory flow begins to show abnormalities around the
age of 40. Patients typically do not complain of dyspnea at this point; the group
developing progressive impairment from COPD generally become dyspneic to a
noticeable degree between ages 50 and 70. Thus dyspnea is a relatively late
symptom of COPD, which has a clinical course extending over many years.
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Dyspnea commonly leads to a complaint of weakness or tiredness; patients may need
oxygen therapy to increase their mobility, activity, and exercise tolerance. The
condition seems particularly relevant to what we have called frailty, since the
capacity for exertion is diminished. In addition, cough syncope is an occasional
symptom, though it occurs only in patients with very severe incapacitating disease
(Scharer, Goldring, King, & Rodarte, 1991). According to Scharer et al., patients with
prolonged hypoxemia may develop secondary pulmonary hypertension and,
ultimately, cor pulmonale or right heart failure (discussed above).

Short of syncope, limited oxygenation of the blood can interfere with the ability to
operate a motor vehicle through diminishing judgment and reducing concentration
(Doege & Engelberg, 1986). On the other hand these authors noted that no direct
relationship is known between pulmonary functioning and driving performance or risk
of crashes, and that indirect measures must be used until tests can be developed and
validated that involve the driving task.

According to Scharer et al.,, the traditional, best-documented parameter for the
diagnosis of COPD is a reduction in the forced expiratory volume in one second. This
measure is included in a battery of tests measuring functional age (Hochschild, 1990)
which is described in Part 3.

COPD and driving. No research studies are known that address the driving record or
driving habits of patients with COPD, though there are published expert opinions
about licensing them to drive. Brainin, Naughton, and Breedlove (1976) cited early
papers recommending that a person who has dyspnea after climbing one flight of
stairs or walking on a level surface for 100 feet (or who has cor pulmonale; see above)
should not be licensed. Later guidelines are more lenient; Doege and Engelberg stated
that a person who experiences dyspnea when sitting at rest can, if able to pass a road
test, be allowed to drive a private passenger vehicle. Restrictions of driving related to
speed, distance, or time of day, they believed, may be appropriate for a severely
disabled driver, and a person with a history of uncontrolled recurring episodes of
severe dyspnea should not drive.

Diabetes Mellitus

According to Hu et al. (1993), the 1988 National Health Survey showed that 26
persons out of every 1,000 are diagnosed as having diabetes mellitus, a disturbance of
glucose metabolism. Davidson (1991) cited 6% as a prevalence figure; both reports
agree that the prevalence of the condition increases with age. Although five general
types of diabetes mellitus are recognized according to Davidson, most studies refer to
one of two types. In the first type the patient is insulin-dependent, while in the
second, which is more characteristic of people acquiring the condition after childhood,
this is not the case and the condition may be controlled through use of oral
hypoglycemic agents or even diet alone. However, although insulin may not be
necessary to prevent acute metabolic complications, many patients require insulin
for satisfactory control of their blood glucose levels (Reuben et al., 1988). Of the total
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population with diabetes, only 10% have Type | disease; Hansotia (1993) gave a
prevalence estimate for this condition of approximately 160 cases per 100,000
persons. According to Reuben et al. (1988), Type Il diabetes is common in the elderly,
reaching a prevalence of 8.8% in those aged 65-74. Independent risk factors for
developing the disease are obesity and older age. It is estimated, Davidson stated,
that the chances of developing Type Il diabetes double for every 20% increase over
ideal body weight and for each decade after the fourth, regardless of weight.

Possible loss or lapse of consciousness due to hypoglycemia (low blood sugar) is
probably the most pressing concern in deciding whether a person with diabetes is
gualified to operate a motor vehicle (Ehrlich, 1991; Hansotia, 1993). Ehrlich has
pointed out that hypoglycemia is most likely to occur in insulin-treated patients with
Type | disease, particularly those who have labile or "brittle" diabetes or who are
controlled too tightly. It does not occur in Type Il diabetes treated only with diet, he
wrote, and is unlikely to occur in Type Il diabetic patients taking oral agents, or in
obese Type Il patients who take insulin. Since the great majority of elderly diabetics
have Type Il disease (and many may be obese), the risk of hypoglycemic episodes in
this population thus seems relatively small. But Type | cases who have survived to
old age are subject to hypoglycemia which, in conjunction with comorbid conditions
associated with their long-standing disease, become a matter for concern.

Comorbid conditions are common in long-term diabetes patients, who are apt to have
such conditions as cardio- or cerebrovascular disease, diabetic neuropathy, cataracts,
and diabetic retinopathy—which occurs in half of all patients having diabetes for 10
years or more (Hansotia, 1993). Hansotia warned that some individuals with diabetic
autonomic neuropathy, seen frequently in older patients, lose their ability to recognize
symptoms of hypoglycemia, and in such a situation driving may be hazardous. He
wrote that most diabetes patients develop peripheral neuropathy after several years
of the disease; significant neuropathic symptoms develop in about one-tenth, and
about half of these have problems severe enough to be disabling.

In view of their increased incidence of cerebrovascular accidents and recurrent
hypoglycemic episodes, Mooradian, Perryman, Fitten, Kavonian, and Morley (1988)
wrote, some deterioration of cortical function in diabetes patients is to be expected.
Mooradian et al. performed a study illustrating the effect of diabetes on attention and
memory in elderly (age 60 or older) diabetics. Forty-three Type Il diabetic men and
41 age-matched nondiabetic men with other medical conditions were recruited from
the outpatient department of the Sepulveda Veterans Administration Medical
Center. Twenty of the patients were taking insulin, and the rest were receiving oral
hypoglycemic agents. Otherwise, drugs taken by study subjects were comparable
between the two groups. Subjects’ immediate recall was tested by means of
Wechsler's (1944) digit span test; both forward and backward spans were tested.
Recent memory was assessed by the Auditory Verbal Learning Test (Kraemer,
Peabody, & Tinklenberg, 1983) and the Benton (1974) Visual Retention Test. The
former consists of a list of 15 common words presented in a fixed order which the
subject is asked to memorize and then to recall in a "random™ order. This procedure
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was repeated for five trials. Then, following administration of the Benton test,
subjects were given another recall trial and a recognition trial. The Benton test itself
consists of a series of line drawings which are presented to subjects for 10 seconds
each and then must be reproduced from memory.

Results were mixed. The forward and backward digit spans of diabetic patients were
not significantly different from those of controls, suggesting to the authors that
auditory attention is preserved in diabetes. However, patients scored significantly
lower than controls in the serial learning task, although they were equivalent on word
recognition. Patients also showed significant impairment on the Benton test.
Mooradian et al. (1988) concluded that there is an impairment principally in retrieval
of recently learned material, and possibly a mild storage impairment as well, in elderly
type Il diabetic subjects. Retrieval was implicated to a greater degree than storage,
because of the lack of a demonstrated deficit in recognition memory. These results
corroborated those of Perlmuter, Hakami, Hodgson-Harrington, Ginsberg, Katz,
Singer, and Nathan (1984), who also investigated cognitive functioning in an elderly
Type Il diabetic group.

Diabetes and driving. Several studies of driving records of diabetic patients were done
in the 1960s and 1970s. With the exception of a Swedish study by Ysander (1970),
these showed an inflated accident rate for diabetes patients, the inflation ranging
from a 4% (not significant) to a 78% (significant) increase. (The largest figure, which
was mileage-adjusted and therefore not entirely comparable to the others, came from
Julian Waller's "review of the California experience” in 1965.) Summarizing this early
literature, Janke, Peck, and Dreyer (1978) concluded that results are mixed, with the
bulk of the American evidence indicating that diabetes poses some increased driving
risk. The authors suggested that Ysander's negative results, and those of some other
foreign studies, might be attributable to differences in requirements for licensure. It
was noted that Sweden was particularly strict in this regard. Janke et al. also wrote,
in agreement with Waller (1973), that the major factor in diabetic drivers' unsafety
may be their susceptibility to insulin reaction or hypoglycemia.

A summary of some relatively recent studies, all of patients using insulin, comes from
LaPorte, Songer, Gower, Lave, and Ekoe (1991). It appears as Table 4. The results
shown in the table are even more mixed than those found in earlier work. It may be
noted that none of the studies shown in Table 4 used police-reported accidents or
accidents on licensing agency files as a dependent variable, unlike the earlier studies
referred to above. Self-report, of course, is subject to deliberate bias as well as
inaccuracy. (Where mileage adjustments were made, these were presumably also
based on self-report.) Together with the problem of possibly noncomparable
comparison groups noted by LaPorte et al., these mixed results make it difficult to
gain any sense of the relative crash risk of insulin-using drivers with diabetes.
However it seems most likely from other evidence that they have some degree of
increased crash risk, possibly caused for the most part by relatively subtle deficits of
mild hypoglycemia.

72



