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Visual Requirements for Safety and Mobility
of Older Drivers

DAVID SHINAR,l Ben Gurian University of the Negev, Beer Sheva, Israel, and
FRANK SCHIEBER, Oakland University, Rochester, Michigan

Efforts to assess visual deterioration with increasing age, coupled with new mech-
anisms proposed to limit the exposure of visually impaired drivers to driving risks,
have emerged in response to the increase in older drivers. Visual functions dis-
cussed in this context include static acuity (photopic, mesopic, and in the presence
of glare), dynamic visual acuity, visual field, contrast sensitivity, and motion per-
ception. Exposure control mechanisms discussed include alternative periodic vi-
sion testing strategies, visual training, and environmental and vehicular modifi-
cations to accommodate the older driver. Finally, relevant research needs are
addressed.

INTRODUCTION

Models of driver information processing
typically consider vision the primary sensory
channel, which is responsible for up to 95% of
driving-related inputs. This critical role of vi-
sion is supported by driving task analysis
(e.g., McKnight and Adams, 1970).

If good vision is a necessary condition for
safe driving, does it follow that poor vision
results in unsafe driving? Studies of the rela-
tionship between vision and driving have fo-
cused on that issue with mixed results. Some
large-scale studies have provided weak but
consistent support for the relevance of crite-
rion visual performance levels to safe driving
(Burg, 1964; Davison, 1985; Henderson and
Burg, 1974; Johnson and Keltner, 1983; Shi-
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nar, 1977). All of these studies were correla-
tional, and the only support for a causal link
between vision and accident involvement is
derived from theoretical considerations
rather than empirical data.

Although lower-order visual factors may
influence accident involvement directly or in-
directly by affecting higher-order cognitive
processes, one would expect a weak relation-
ship between visual performance and acci-
dent involvement for at least the following
reasons}

(1) Accidents most often have multiple causes
rather than being attributable to one specific
human impairment.

(2) In detailed accident analyses, the most fre-
quently cited human causes of accidents are
either attentional or higher-order perceptual
failings such as improper lookout, misjudg-
ment, and distraction (Treat et aI., 1977).

(3) The statistical phenomenon of a restricted
range of visual impairments-attributable to
the essentially worldwide requirement for
driving of at least 20/40 acuity in the better
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Static Acuity

AGE

Figure 1. The relationship between age and perfor-
mance on three simple visual tasks: photopic static
acuity, mesopic static acuity, and static acuity in the
presence of glare. The MAR is defined in minutes of
arc.

Age
Figure 2. The relationship between age and perfor-
mance on three complex visual tasks: dynamic visual
acuity (D VA) , central angular motion threshold
(CAM), and central movement in depth threshold
(CMD). The minimum angle resolvable (MAR) is de-
fined in minutes of arc.
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tween age and visual performance on a vari-
ety of vision tests that have been considered
relevant to safe driving. These data (from Shi-
nar, 1977) were all obtained from the same
sample of 890 healthy drivers with no known
visual diseases. Similar patterns were ob-
tained in an earlier study with a different ap-
paratus (Shinar, 1976, using Henderson and
Burg's [1974] vision tester). Several general
observations can be made from these data.
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AGE-RELATED
VISUAL DETERIORATION

eye (Charman, 1985)-would act to reduce the
strength of a relationship that may in fact ex-
ist in the general population.

(4) Many large-scale studies (e.g., Burg, 1964;
Council and Allen, 1974; Davison, 1985) rely
on relatively unreliable vision data obtained
from gross driver screening devices.

(5) Some of the visual requirements with high
theoretical construct validity have not been
evaluated in large-scale studies (e.g., func-
tional field of view, contrast sensitivity).

(6) The highway traffic system is a very forgiving
one, with compensatory mechanisms for hu-
man errors and deficiencies.

(7) Drivers with reduced capacities may compen-
sate by restricting their driving to times when
there are favorable light conditions and low-
density, low-speed traffic.

For these reasons it may be most appropri-
ate to study specific visual impairments and
theoretically related driving tasks or acci-
dent-causing behaviors. Thus Shinar, Mc-
Donald, and Treat (1978) found that im-
proper lookout as an accident cause was
almost three times more likely when the
driver had reduced vision than when he or
she did not. An even more specific relation-
ship has been demonstrated between road
sign reading performance and visual skills.
McKnight, Shinar, and Hilburn (1985) found
that sign-reading distance correlated signifi-
cantly with depth perception, and Evans and
Ginsburg (1985) found a similar relationship
between sign-reading accuracy and contrast
sensitivity.

Because vision is critical to driving, and be-
cause visual skills often deteriorate with ad-
vanced age, efforts must be directed to study
those driving-related visual skills that are
most susceptible to either age-related degen-
eration or visual diseases most prevalent
among the elderly. Examples include loss of
light transmissivity, oculomotor impair-
ments, cataracts, glaucoma, and age-related
macular degeneration (see Klein, 1991 [this
issue]).

Figures 1 and 2 depict the relationship be-
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(1)All visual functions deteriorate with increas-
ing age.

(2) The amount, rate, and onset age of deteriora-
tion vary widely among the visual functions.

(3)Deterioration in static acuity (under optimal
illumination, reduced illumination, and
glare) is not significant before the age of 60,
whereas deterioration in the more complex
tasks-that is, acuity for a movingobject (dy-
namic visual acuity [OVA]),detection of lat-
eral motion (central angular motion [CAM]),
and detection of in-and-out movement (cen-
tral movement in depth [CMD])-begins ear-
lier and accelerates faster with increasing
age.

(4) The age-related average deterioration is ac-
companied by a marked increase in individ-
ual differences(not depicted in the figures).

Age-related decreases in mean performance
and age-related increases in performance
variability have also been reported for con-
trast sensitivity (Greene and Madden, 1987)-
especially for a drifting grating pattern
(Owsley, Sekuler, and Siemsen, 1983)-useful
field of view (Ball, Owsley, and Beard, 1990;
Scialfa, Kline, and Lyman, 1987), stereopsis
(Schieber, 1991), and probably overall atten-
tiona Icapacity (Madden, 1986). Nevertheless,
a few studies either failed to find a significant
age-related effect (e.g., Brown and Bowman,
1987, in sensitivity to size and velocity
change) or found such effects to be redundant
with other visual performance measures, sug-
gesting that at least in some cases there may
be a singular cause for deterioration that is
manifest in several different measures (e.g.,
Greene and Madden, 1987).

The remainder of this section reviews and
evaluates current knowledge concerning de-
terioration of specific visual skills that have
been argued, on the basis of theory and/or
data, to be relevant to the visual needs for
safe driving.

Photopic Static Acuity

Studies (see Shinar, 1977, for a review of
earlier studies) typically find a small but con-
sistent correlation between photopic acuity
and accident involvement, and this relation-
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ship seems to be stronger for older drivers
(Davison, 1985). Corrected (with glasses or
contact lenses) photopic acuity is the visual
function most resistant to deterioration with
age. The data in Figure 1are representative of
other studies: though mean acuity declines
consistently, the initial significant deteriora-
tion in photopic acuity occurs after the age of
60. Between 5% and 10%of the 60- to 65-year-
old drivers have corrected acuity worse than
20/40 (Bailey and Sheedy, 1988; Davison and
Irving, 1980; Klein, 1991; Sturr, Kline, and
Taub, 1990).This is the minimum acuity level
(for both eyes with glasses) required by 38
states and the District of Columbia for an un-
restricted license.

Scotopic and Mesopic Static Acuity

Acuity under reduced illumination has not
been studied as extensively as other types of
acuity, but it may be more relevant to the
visual requirements of driving. Sivak, Olson,
and Pastalan (1981) found that the nighttime
legibility distances of highway signs for driv-
ers over 60 years old was 65%-77% of the leg-
ibility distance for drivers under 25 years old
wi th equal photopic acui ty. In Shinar's (1977)
study, mesopic acuity was one of the best pre-
dictors of accident involvement among old
drivers. As can be seen in Figure 1, the onset
of deterioration is somewhat earlier and the
magnitude is much larger than that of phot-
opic acuity (see also Sturgis and Osgood,
1982; Sturr et a!., 1990; Vola, Cornu, Carruel,
Gastaud, and Leid, 1983), which may be at-
tributable, at least in part, to changes in pu-
pil size and age-related increase in lens opaci-
fication.

Dynamic Visual Acuity

Dynamic visual acuity (DVA)is the ability
to resolve details of a moving target. It is typ-
ically measured by moving a target, such as a
Snellen letter or Landolt ring, at a fixed an-
gular velocity across the horizontal plane in
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front of the observer. Burg (1964) demon-
strated that DVA is more closely associated
with accident involvement than is static acu-
ity. Reanalyses of the original Califomia driv-
ers data base and several other studies by
Burg and his associates (Burg, 1967, 1968;
Henderson and Burg, 1973, 1974; Hills, 1975;
Hills and Burg, 1977) replicated the same
finding. Shinar (1977) also found that to-
gether wi th mesopic acui ty, DVAwas the best
correlate of accident involvement. Interest-
ingly, in a survey of driving practices of el-
derly males (mean age 70 years), Retchin,
Cox, Fox, and Irwin (1988) found no relation-
ship between frequency of driving and static
acuity (photopic or mesopic), but they did
find a significant relationship between
amount of driving and dynamic visual acuity.
DVAis particularly significant for older driv-
ers. Its deterioration, which is probably at-
tributable to the required fine oculomotor
control, starts earlier than that of static acu-
ity and accelerates much more rapidly after
age 50 (Figure 2). Thus DVA may correlate
wi th acciden t in vol vemen t-especially
among aged drivers-because it combines
multiple visual sensory and motor skills nec-
essary for safe dri ving.

Motion Perception

The ability to detect movement---either in-
and-out or lateral relative to the observer-is
conceptually critical for detecting immi-
nently dangerous situations. Unlike DVA, the
perception of angular motion appears to be
limited primarily by neural mechanisms,
rather than oculomotor ones, which deterio-
rate with age. However, the oculomotor sys-
tem is also involved because perceived veloc-
ity is affected by the effort in smooth pursuit
tracking, which increases with age. Hender-
son and Burg (1974) found that the detection
threshold for lateral movement was slightly
but significantly related to accidents, and
Shinar (1977) and Hills (1975) found it to be
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particularly relevant to the older drivers in
their samples. Movement detection should
also be related to judgments of speed and dis-
tance, which are poorer in older drivers
(Scialfa, 1987). The deterioration of motion
perception with age is shown in Figure 2, and,
like DVA, its onset is earlier and more rapid
than that of static acuity.

Visual Field

Although the theoretical relevance of a
large visual field is compelling, the empirical
data relating field to accident involvement
are inconsistent. Burg's and Shinar's studies
failed to find consistent relationships, and a
survey of the visual field of 52 000 North
Carolina drivers also failed to find any signif-
icant relationship with accident rates (Coun-
cil and Allen, 1974). A possible significant
limitation of these studies was their reliance
on simplistic field screening devices rather
than on diagnostic clinical tests. Using the
latter, Johnson and Keltner (1983) examined
10 000 volunteer Califomia license applicants
and found significant deterioration among
drivers over 60 years old and that drivers
with visual field loss in both eyes had acci-
dent and conviction rates more than twice as
high as age- and sex-matched drivers with
normal fields. The fact that across all ages
only 1.1% of the drivers had bilateral visual
field loss may explain why studies using gross
screening devices, testing field in one eye
only, or using small samples are unlikely to
find the expected relationship between field
and accident involvement. Relative to age,
Johnson and Keltner's data indicate almost
no deterioration in field until the age of 60,
after which there is rapid deterioration. More
than 4.0% of the drivers aged 60+ demon-
strated severe binocular field loss indicative
of glaucoma or retinal pathology.

Disability Glare

Disability glare is a reduction in visual ef-
ficiency caused by a veiling luminance super-
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imposed on the retinal image. The resulting
reduction in the quality of the retinal image
is often accompanied by significant decre-
ments in visual performance (Hirsh, Nadler,
and Miller, 1984). Not only does visual func-
tion deteriorate in the presence of a glare
source, but prolonged exposure to such ef-
fects can result in muscular fatigue and "at-
titudinal tenseness which degrades driving
skill" (Pulling, Wolf, Sturgis, Valliancourt,
and Dolliver, ]980, p. 103). The deleterious
effects of glare increase with age (LeClaire,
Nadler, Weiss, and Miller, 1982; Wolf, 1960).
Much of this increase stems from increased
intraocular scatter of light by the senescent
lens (Allen and Vos, 1967).

Despite the strong association between age
and acuity in the presence of a glare source
(see Figure 1), little relationship has been
found between measures of disability glare
and highway safety (Shinar, 1977). The weak
relationship may be partly attributable to the
use of high-contrast test stimuli by the previ-
ous studies that assessed the influence of
glare (Schieber, 1988). That is, given that
glare changes visual sensitivity by reducing
the contrast of the retinal image, it follows
that low-contrast stimuli should be more sen-
sitive in detecting the deleterious effects of
stray light on visual performance. Indeed, re-
cent evidence supports the notion that the use
of low-contrast optotypes (stimulus letters) is
better suited for the assessment of glare ef-
fects on real-world performance (Hard, Abra-
hamsson, Beckman, and Sjostrand, ]990).

In addition to static measures of disability
glare, the time needed to recover visual func-
tion following exposure to a glare source ap-
pears to hold potential significance for pre-
dicting driving-related performance among
the elderly. For example, Burg (1967) found
that glare recovery time increased systemat-
ically with age and was related to measures
of driving safety. However, the relationship
to safety was very weak, possibly because of
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reliability problems inherent in the proce-
dure used to assess glare recovery time. More
reliable procedures for measuring glare re-
covery time are now available (Elliott and
Whitaker, 1990; Olson and Sivak, ]989).

Contrast Sensitivity

Contrast sensitivity (CS) and/or acuity for
low-contrast targets was theoretically linked
to driving requirements as long as 30 years
ago (Schmidt, 1961), in that the ability to dis-
tinguish large targets against their low-
contrast backgrounds is much more relevant
to the visual requirements of driving than is
the ability to distinguish small details under
optimal illumination. Nonetheless, data to
test this argument are lacking because of
technical difficulties. The introduction of per-
sonal computer-based contrast sensitivity
tests and wall charts for measuring contrast
sensitivity (see Schieber, 1988, for a review),
has made assessing this relationship more
practical than before. Unfortunately, data on
the relationships among contrast sensitivity,
visual performance in more complex tasks,
and driving performance are still meager and
inconclusive. Some studies have shown that
CS is a better correlate of the ability to detect
complex targets than is acuity (Evans and
Ginsburg, ]985; Ginsburg and Easterly, 1983;
Ginsburg and Evans, 1982; Owsley and
Sloane, 1987; Shinar and Gilad, ]987),
whereas others have failed to find a residual
effect beyond that of acuity (Kruk and Regan,
1983; O'Neal and Miller, 1987).

Numerous studies have demonstrated an
age-related deterioration in CS (see Owsley
and Sloane, 1990). These losses are most pro-
nounced at the higher spatial frequencies-
that is, four or more cycles per degree (Ows-
ley et aI., 1983; Scialfa et aI., 1988). When
illumination is reduced to mesopic levels,
there is a synergistic interaction among the
three variables (age, luminance, and fre-
quency) so that the age-related deterioration
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is even more pronounced at lower luminance
and higher frequencies (Sloane, Owsley, and
Alvarez, 1988). Also, as with OVA, when dy-
namic targets are employed (such as gratings
that move across the screen), the deteriora-
tion in CS is much greater for old (mean age
69) subjects than for young (mean age 24)
ones (Scialfa, Garvey, Tyrrell, Leibowitz, and
Goebel, 1989).

Low-contrast acuity charts may provide
the same potential for screening a wide vari-
ety of age-related visual defects without in-
curring many of the costs and disadvantages
of CS procedures (Adams, Wong, Wong, and
Gould, 1988; Schieber, 1988). Preliminary re-
search with the Pelli-Robson charts suggests
that they may provide much of the same ad-
ditional information (relative to standard
acuity measures) as do contrast sensitivity as-
sessments (Pelli, Robson, and Wilkins, 1988).

Higher-Order Perceptual Functions

The importance of complex or higher-order
functions is that (a) they are conceptually
more relevant to the driving demands and (b)
they manifest a much faster rate of age-
related deterioration (see studies on effective
visual field: Ball et aI., 1990; Scialfa et aI.,
1987; Sekuler, 1986).

In two recent comprehensive assessments
of vision-related testing needs, Schieber
(1988) and Bailey and Sheedy (1988) con-
cluded that there is enough evidence to focus
research on some higher-order visually re-
lated functions such as visual search, effec-
tive visual field, and divided attention among
visual and other tasks. These tasks reveal a
central limit in information processing that is
likely to affect performance on realistic visual
tasks but not necessarily on simple clinical
vision tests that isolate specific functions.
Thus based on a series of experiments requir-
ing subjects to divide their attention between
a visual search task and tone detection, Mad-
den (1986) concluded that there is "an age-
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related reduction in a processing resource,
such as attentional capacity or effort ... evi-
dent in the encoding and response selection
processes required by the visual-search task,
and in the use of advance information for im-
proving search performance" (p. 335). In the
driving environment, Mourant (1979) and
Rackoff (1975) found significant differences
between young and old drivers in their visual
search efficiency.

COPING WITH AGE-RELATED
VISUAL DETERIORATION

Three general approaches to dealing with
the visually deficient older driver are driver
licensing (retesting, followed by training and!
or restrictions), environmental modifica-
tions, and vehicle modifications.

Licensing

The low frequency of accidents with elderly
drivers coupled with their high rate relative
to exposure suggests that there is an imposed
or self-selection process that governs the
amount and type of driving of elderly people.
This self-selection hypothesis is supported by
most people's personal knowledge of some el-
derly people who have a valid license but re-
frain from driving under certain circum-
stances-for example, at night, for long
distances, or on high-speed expressways.
Some empirical evidence supports this no-
tion.

Kline et ai. (in press) conducted a survey
that examined self-assessments of visual and
driving problems across the adult life span.
They found that older adults not only recog-
nized their limited visual capacity but also
reported a large number of compensatory
self-limiting behaviors such as avoiding rush
hour traffic and not driving at night. How-
ever, several other studies that surveyed
older adults about their driving habits and
visual problems concluded that this process
of self-selection is quite inadequate. Flint,
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Figure 3. The effects of practice on three simple vi-
sual tasks: mesopic static acuity, static acuity with
spot glare, and photopic static acuity. The MAR is
defined in minutes of arc.

that age-related deteriorations in search and
localization performance within a cluttered
visual field were reduced by task-specific
training. Ball, Beard, Roenker, Miller, and
Griggs (1988) extended these findings and
showed that performance increments ob-
tained through training sessions were main-
tained when experimental participants were
reexamined six months later. Hennessy and
Newton (1977) demonstrated that some train-
ing effects could be generalized to the driving
situation.

However, the existence of such task-specific
training effects also represents a problem in
the development of assessment tools for dy-
namic or complex visual skills, which may be
more highly predictive of driving perfor-
mance: improvements in test performance
that occur as a result of experience strongly
compromise reliability and, hence, limit the
potential utility of screening instruments.

Figures 3 and 4 illustrate the problematic
learning effects that can occur as the com-
plexity of one's screening procedures in-
creases. These data are based on eight older
female licensed drivers (median age 68)
whose initial dynamic visual acuity was
poorer than 20/50 on the Honeywell Mark II
Integrated Vision Tester. Their training con-

Smith, and Rossi (1988) found no correlation
between the amount of self-reported driving
by the elderly and their performance on the
driving simulator and no correlation between
performance on the vision test and their self-
assessed quality of vision. Others have also
found that many elderly drivers with poor vi-
sion are unaware of their problem and con-
tinue to drive with reduced vision (Bengtsson
and Krakau, 1979; Harms, Kroner, and Dann-
heim, 1984; Humphriss, 1983; Johnson and
Keltner, 1983; Shinar, 1977). Consequently
the extent to which older adults can monitor
and assess their own visual capacity and then
compensate for these deficits in their driving
remains to be established.

If individuals cannot be assumed to restrict
their driving as warranted, can they be effec-
tively monitored and/or controlled through
the licensing system? Meeting this challenge
depends on at least three actions: increasing
the validity of vision tests and standards for
driving; developing valid vision criteria for
different types of restricted licenses; and de-
veloping screening measures to detect early
signs of pathology and age-related visual de-
terioration.

If the validity of vision scores as predictors
of accident involvement can be improved at
all, it is most likely to be reflected in the el-
derly population because individual differ-
ences in driving and visual/perceptual-motor
skills are greatest for this age group, and be-
cause variations attributable to other factors,
such as youth-related risk taking and alcohol
use, are probably greatly reduced.

Visual Training Effects and the Older Driver

Although our sensory system and cognitive
capabilities may deteriorate somewhat with
age, it appears that some of these skills can be
improved through training. Ball and Sekuler
(1986) found that motion discrimination in
the elderly improved significantly following
practice. Sekuler and Ball (1986) also found
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Significant improvement occurred across
days for the three more complex tasks (Figure
4) but not for the simple acuity tests (Fig-
ure 3).

Improving the Visual Environment through
Vehicular and Roadway Modifications

There is concern that as cars and trucks be-
come more sophisticated, their display and
control panels require a level of sophistica-
tion and quick responses that may be outside
the range of older drivers. One possible rea-
son for that trend is that most design engi-
neers are young and do not empathize with,
or are not aware of, the difficulties of older
drivers (Yanik, 1990). Vehicle modifications
that would help elderly drivers are those that
would reduce glare, such as nonglare panels
and day/night rearview and side mirrors (the
current standard does not require different
day/night settings even in the rearview mir-
ror; S. P. Wood, personal communication,
July 13, 1989). Other potential increases in
visibility may be achieved through improved
headlight configurations (Mortimer, 1988),
such as midbeam headlights that would in-
crease visibility distance without increasing
glare from oncoming cars, and near-obstacle
detection radar systems (Rogers, 1989).

Innovative designs should consider novel
possibilities such as better positioning of crit-
ical displays and the use of collimated images
(head-up displays projected at infinity).
These modifications would simplify visual
search and reduce the need to change the
state of accommodation (a more difficult pro-
cess for older drivers; see Bailey and Sheedy,
1988) when shifting the gaze between the
road scene and the displays. However, the
same modifications are likely to introduce
glare and increase clutter in the visual field
and create problems of divided attention and
slowed visual search. Some current design
trends may also create visual problems for
the older driver. For example, the light trans-

5

5

5

4

4

3
Day

3
Day

2

2

2

MAR (Minimum Angle Resolvable)

1

8.0

4.0

6.0

90.0

80.0
1

24.0

18.0 1

20.0

Seconds

22.0
Min ARC/S

3
Day

Figure 4. The effects of practice on three complex vi-
sual tasks: visual search (detection-acquisition-
identification [DAll), dynamic visual acuity (DVA),
and central angular motion threshold (CAM). The
MAR is defined in minutes of arc.

sisted of five days of four repetitions for each
of the following tests: photopic acuity, static
acuity in the presence of spot glare (simulat-
ing car headlights), mesopic acuity, dynamic
visual acuity, visual search (speed of detect-
ing, acquiring, and identifying a target ap-
pearing at a random location in the periph-
eral visual field), and movement detection.
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mission standard for windshields is 70% for a
perpendicular line of sight, but increasing ve-
hicle aerodynamic design leads to sloping
windshields at ever-increasing angles and,
correspondingly, ever-decreasing transmis-
sion for the driver's line of sight.

Enhancing the visual scene outside the ve-
hicle seems to be more straightforward. To
allow for reduced visual capabilities (poorer
mesopic acuity, lower contrast sensitivity,
higher dark adaptation levels, slower reading
times, and slower reactions to a changing en-
vironment), the highway designer can em-
ploy larger signs, advance warnings, redun-
dant signs and signals, and enhanced
brightness and contrast (especially all-
weather) of roadway signs, lane markers, and
delineators (Michael, 1989).

The Limits of Vision Testing for the Elderly

The relative independence of different vi-
sual functions such as contrast sensitivity,
acuity, and field of view implies that visual
screening for the elderly cannot be done by
simply adding one or two quick tests to the
battery already in use at state licensing sta-
tions. One consideration is that each minute
of testing for all U.S. drivers is estimated to
cost approximately $11 million per year (Na-
tional Research Council, Transportation Re-
search Board, 1988).

Two approaches offer more promise than
does periodic retesting with the current vi-
sion tests at the license renewal station after
the age of 60 (or SO). The first is a two-tiered
vision-testing process. The first tier would
consist of a small number of screening tests
conducted at licensing stations using current
standards (e.g., visual acuity) and emerging
techniques that would be better suited for de-
tecting visual problems associated with ad-
vancing age. Candidate tests for augmenting
traditional screening procedures include con-
trast sensitivity, effective visual fields, and
mesopic and dynamic visual acuity. In the
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second tier, drivers who fail would be re-
ferred to a centralized testing center or a pri-
vate practitioner for a comprehensive clinical
evaluation of those measures as well as other
measures, such as motion detection, effective
field of view, and performance under condi-
tions of divided attention.

As new data from research initiatives accu-
mulate, the individual tests at the two tiers
would be expected to change. This approach
is already in operation in a rudimentary way:
applicants who fail the states' screening tests
are referred to state-licensed vision special-
ists. However, the cost-effectiveness of peri-
odic gross vision screening at the state licens-
ing stations needs to be reexamined given
that two large-scale evaluations in California
failed to demonstrate its safety benefits rela-
tive to mail-in license renewal (Kelsey and
Janke, 1983; Kelsey, Janke, Peck, and Ratz,
1985).

The second approach is to require older
drivers to present a certificate of good vision
from a licensed ophthalmologist or optome-
trist. Added cost should not be excessive, con-
sidering that most aged drivers see or should
see vision specialists from time to time. The
inclusion of state-specified vision tests would
then become part of a standard evaluation.
This approach would ensure better screening
of elderly drivers and provide them with pro-
fessional help to improve their vision. Such a
program exists in Israel, where every driver
65 years old or older must undergo a bian-
nual medical examination and test of visual
acuity and visual field to retain his or her
license. In an evaluation of 11 000 elderly
drivers who underwent this process, Zaidel
and Hocherman (1986) found that not a single
operator's license was revoked, and 18%of
those tested had vision problems that were
corrected with glasses. Also, 39% reported
that they first became aware of their vision
problems as a result of the license renewal
test. Thus improved vision screening can im-
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prove the well-being and mobility of older
drivers beyond the hoped-for small reduction
in accident involvement.

DIRECTIONS FOR FUTURE RESEARCH
AND DEVELOPMENT

To improve safety and mobility of older
drivers, society must ensure that they have
the necessary visual capabilities and skills to
perform the driving task. Simply introducing
new vision test requirements is not practical
because (1) there is insufficient agreement on
which visual skills are most critical, (2) for all
but photopic acuity, there are no pass/fail cri-
teria that can be scientifically defended, and
(3) the complex visual skills that seem to be
more relevant to driving are susceptible to
practice effects, which complicates setting
the criteria.

The following are research issues that must
be addressed before new vision testing proce-
dures can be implemented.

(1) Understanding of the relationship be-
tween eye pathology and specific visual per-
formance deficiencies must be improved. Cli-
nicians could apply this information to help
drivers with reduced vision. One approach to
the problem would be to conduct an in-depth
analysis of the visual diseases of people fail-
ing the present standard screening tests and
to relate these diseases to functional impair-
ments on the more complex measures of driv-
ing-related visual skills.

(2) Methods must be suggested for improv-
ing vision through training and/or optical
aids. Training on complex visual skills still
needs to be validated.

(3) Efforts should be focused on the vision
tests that are most relevant to driving needs:
contrast sensitivity, dynamic visual acuity,
photopic and mesopic acuity, movement sen-
sitivity, effective visual field, and possibly
glare resistance. Direct efforts toward the fol-
lowing goals. (a) Develop test standards that
would pertain to the driving task require-
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ments. (b) Improve test reliability and stabil-
ity, particularly with respect to pass/fail cri-
teria. This is difficult because with visual
skills that are susceptible to learning effects,
high test-retest correlations are not necessar-
ily accompanied by stable criteria. (c) Iden-
tify key parameters that affect test scores. Al-
though the standards for licensing specify
only the visual function that must be tested,
different tests measuring the same visual
function (e.g., contrast sensitivity) often yield
consistent differences in absolute levels (e.g.,
Scialfa et aI., 1988). Therefore, conditions
that contribute to differences among testing
devices need to be examined (e.g., luminance
levels, to which older drivers are very sensi-
tive, in acuity tests).

(4) Two types of studies are needed to as-
sess comprehensively the interaction among
vision, age, and driving safety: (a) a large-
scale study of the relationship between visual
and performance measures and accident in-
volvement by accident characteristics that
may be related to vision, such as the vehi-
cle(s)' relative heading, traffic density and
complexity, and ambient illumination; and
(b) small, focused studies that would relate
the new driving-related measures of visual
performance to everyday visual tasks that are
critical for safe driving, such as visual search
in the real world, redirecting of visual atten-
tion, and low-contrast real-world target de-
tection.

(5) In the area of improved vehicle design,
we need to (a) identify the relative eyes-off-
the-road time the aged driver can sustain
safely under different driving conditions, and
(b) study alternative headlight configurations
and beam patterns that would increase visi-
bility and/or reduce glare.

(6) With regard to improving the highway
environment, research should focus on the
night driving environment given that, it is vi-
sually the most demanding for the older
driver and, hence, the one that would benefit
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the most from changes. The importance of
different visual cues of guidance (from delin-
eation) and navigation (from signs) should be
assessed, and efforts should then focus on
ways of improving their visibility. To maxi-
mize cost-effectiveness, the different ap-
proaches to enhancing visibility should be
evaluated with particular attention to the
needs of the older driver (Deacon, 1988).

(7) The research reviewed here indicates
that some older individuals are aware of
some of their cognitive and/or visual deficien-
cies and adjust their driving habits accord-
ingly, whereas others are not aware of their
deteriorated capacities and hence do not ad-
just for them. Research should investigate the
visual domains that are likely to be accompa-
nied by self-awareness and the ones that are
not; the utility of self-awareness when it ex-
ists; the possibility of devising practical tests
to enhance self-awareness (e.g., in England it
is reading license plate numbers from a fixed
distance); and the efficiency of self-limiting
behavior that is based on it.

(8) Finally, the relevance of measures of
complex visual skills warrants more research
on the relationship between vision and cog-
nition. Research should attempt to relate spe-
cific visual functions and specific behaviors
that in turn determine the mobility and
safety of the older driver.
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