
Mobility can be defined as a person’s purpo-
seful movement through the environment
from one place to another. It typically invol-
ves moving through space to accomplish
some task or achieve some goal that cannot
be reached where one already resides. It is a
fundamental instrumental activity of daily
living. Mobility is linked to a person’s physical
and psychological well-being. Limitation in
mobility is associated with decreased quality
of life, basic physiological functions, indepen-
dent living, and personal autonomy, and
increases the need for both formal and infor-
mal care1-2. Thus, mobility impairment, and
the diseases and health conditions that
engender it, can have serious ramifications
for the affected individual as well as his/her
family support system. Even further, mobility

impairment is a serious challenge for the
society in which the affected individuals live,
since those who have impaired mobility, like
everyone else in the society, have daily needs
to move around in their immediate and more
distant environment.

It is within this broad context that driving by
older adults must be addressed, since driving
is a typical type of mobility in many societies.
The elderly represent the most rapidly gro-
wing segment of the driving population in
many countries3. It has been estimated that
in the U.S. by the year 2024, one of four dri-
vers will be over the age of 65. Older drivers
today are also driving more miles per year
than previous cohorts of older adults. For
every 100,000 miles driven, the crash rate of
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older adults is twice that of younger drivers4.
Once they are involved in a crash, older dri-
vers are more likely than younger adults to
incur injuries that lead to disability or death5-7.
Motor vehicle collision is the second most
common reason for older adults’ visits to
emergency departments for injuries8. In short
then, there are proportionately more older
drivers on the road than ever before, and
they have a higher crash and injury rate than
most other age groups.

Possession of a driver’s license in many socie-
ties is itself meaningful, implying personal
independence and self-control over one’s
life. Studies have shown that older drivers
tend to continue driving as long as it is pos-
sible for them to do so, and although they
may cut down on their frequency of travel
and mileage behind the wheel, they resist
any change in their preferred mode of tra-
vel9. Driving cessation in older adults, as stu-
died in prospective studies, has been associ-
ated with an increase in depressive symp-
toms and social isolation, and thus is related
to overall quality of life for many older per-
sons.

This gives rise to the realization that there are
pressing public health and technological
needs with respect to enhancing the safety
while preserving the mobility of older drivers.
In recent years there has been a great deal of
progress in identifying the types of functional
impairments that elevate crash risk in older
drivers. Safe driving relies on a number of
key skills that involve visual, cognitive10,11,
and physical capabilities. Impairments in
these functional capabilities can occur at any
age, but are more prevalent in the older
adult population. A growing body of rese-
arch over the past decade has demonstrated
that certain types of functional impairment in
older drivers elevate their crash risk and have
a negative impact on driving performance
(summarized below). A clear understanding
about how diminished capabilities contribute
to crash risk in older drivers will greatly faci-
litate society’s efforts to develop strategies to

reduce crash rate in this population and to
enhance driving mobility. 

VISUAL IMPAIRMENT
The literature addressing the relationship
between visual impairment and driving is
substantial, with one recent review listing
about 200 published articles on the topic,
many from the past decade12. Probably the
most common type of study involves exami-
ning associations between visual acuity and
driving performance, since acuity is the most
ubiquitous visual screening test used by state
licensing agencies for the determination of
driving fitness. Most studies have reported
positive, weak associations between visual
acuity and crash involvement or no associa-
tions at all13-25. Thus there is little support
from the literature that a strong association
exists between visual acuity and unsafe dri-
ving in the older adult driving population.
However, visual acuity is related to the per-
formance of certain driving tasks. For exam-
ple, simulated acuity impairment (from indu-
ced optical blur) is related to decrements in
road sign recognition and road hazard avoi-
dance26. 

Visual Acuity 
Given that visual acuity is the most common
vision screening test for licensure, it seems
paradoxical at first glance that research
generally does not support the conclusion
that acuity tests can effectively identify high
risk drivers. There are several possible rea-
sons why studies have generally failed to find
strong associations between visual acuity
and crash risk, as discussed in detail elsewhe-
re12,27-28. A prominent reason undoubtedly
stems from the components and task
demands of the driving task itself. Driving
along a roadway and through intersections
involves the simultaneous use of central and
peripheral vision and requires monitoring of
multiple sources of visual information, all in
the midst of a visually cluttered array whose
elements are in motion. Because of the visu-
ally complex nature of driving, other types of
visual processing impairments even in the
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presence of good acuity could jeopardize
safe driving, as discussed below. An acuity
screener would fail to identify individuals
with visual processing impairments as high
risk.

Peripheral Vision 
Several studies have examined the role of
deficits in peripheral vision in driver safety
and performance. One of the most quoted
studies is a California study29 finding that
crash and violation rates were twice as high
among those with severe binocular field loss
compared to those without any loss,
adjusting for annual mileage. More recently
a study reported a similar finding in that
those older drivers with impaired peripheral
vision in the better functioning eye were two
times more likely to be crash involved com-
pared to those with good peripheral vision in
the better eye14. However, a number of other
studies13, 20, 30-31 have not reported elevated
crash rates for those with visual field impair-
ments. An important consideration in com-
paring these results is that the definition of
impairment differs across the studies. The
California study29 defined impairment as
severe binocular field loss, whereas most
other studies defined it in a less impaired fas-
hion. Visual field impairment also impacts
certain aspects of driving performance.
Visual field impairment compromises some
(e.g., identification of road signs, avoid
obstacles, reaction time) but not all (e.g.,
speed estimation, stopping distance) aspects
of driving performance32-34.

Contrast Sensitivity 
A primary function of the visual system is to
process contrast information, which under-
lies the ability to see patterns in the environ-
ment. There are comparatively fewer studies
on the role of contrast sensitivity in driving,
as compared to the literature on acuity and
visual fields. A few studies have reported
associations between contrast sensitivity and
crash involvement. Greater impairment in
contrast sensitivity has been linked to a hig-
her number of at-fault crashes in the prior
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five years14, and in the subsequent three
years35, although these associations were not
adjusted for confounding factors. Wood and
colleagues have examined the impact of
simulated contrast sensitivity on driving per-
formance on a closed road course32-33. Better
contrast sensitivity was associated with bet-
ter driving skills. Along these lines, Rubin and
colleagues36 reported that older drivers
reporting difficulties with day and evening
driving had worse contrast sensitivity.
Contrast sensitivity is linked to road sign
recognition37-39. A common cause of contrast
sensitivity loss in old adults is cataract, a pre-
valent eye condition in the elderly that invol-
ves an opacification of the crystaline lens.
Almost half of adults exhibit early cataract by
age 75, and approximately one-quarter with
more advanced cataract40-41. A recent study42

evaluated the role of contrast sensitivity
impairment in elevating crash risk in a large
sample of older adults with clinically signifi-
cant cataract (20/40 or worse in at least one
eye). Those older drivers with a history of
recent crash involvement were eight times
more likely to have severe contrast sensitivi-
ty impairment as compared to those older
drivers who were crash-free. Impaired acuity
was unrelated to crash involvement in cata-
ractous drivers when contrast sensitivity defi-
cits were adjusted for. Given the importance
of image contrast in pattern vision and evi-
dence that contrast sensitivity deficits under-
lie driving problems in older drivers with
cataract, this is an area deserving of further
study.

Color Vision
There are a number of other aspects of visu-
al function that have been considered with
respect to driving. It is well established that
older adults typically experience impairments
in color discrimination43, primarily along the
tritan or ‘blue-yellow’ axis, so the question of
how this impacts their driving is relevant. The
underlying rationale for color vision testing in
both personal and commercial driver licen-
sing is not the belief that color deficiency is a
major risk factor for crash involvement;
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rather, color vision screening is simply a way
to insure that drivers can obey color traffic
control devices. The critical cues on the road
usually can be obtained through multiple
sources of information (e.g., luminance,
position, pattern), so drivers with color vision
anomalies do not experience serious difficul-
ty in traffic signal recognition. Vingrys and
Cole’s comprehensive review of this literatu-
re44 indicates that the vast majority of studies
on color vision and road safety support this
conclusion, finding no association between
color deficiencies and vehicle crash involve-
ment or impaired driving performance.
Owing to this overwhelming wealth of evi-
dence, it is reasonable to conclude that color
deficiency by itself does not elevate crash risk
in personal or commercial drivers, or for
older drivers with modest color discrimina-
tion problems.

Disability Glare
Disability glare problems are discussed as a
serious threat to the safety of older road
users45, but one is hard-pressed to identify
actual studies that scientifically confirm this
notion. This failure to find an association bet-
ween glare and road safety may be due to
methodological difficulties in defining ‘glare’
and in measuring a multi-faceted phenome-
non, as well as to a poor understanding of
what people mean when they say they have
‘glare’ problems.

Motion Perception
The visual world of the driver is in motion,
and in this sense, stationary test targets in
driving assessment tests are not very repre-
sentative of the visual scene. Studies from
the 1960s and 1970s, which included both
static and dynamic acuity measurements,
have generally found that dynamic targets
had stronger univariate associations with
crash involvement than did static targets13, 46.
However the associations between dynamic
visual acuity and driver safety were still
weak. It has been noted that dynamic acuity
deteriorates more rapidly with age.
Furthermore, individuals with the same static

acuity can have widely divergent dynamic
acuity. At the very least, tests of sensitivity
for dynamic visual events require a closer
look in terms of their association to driver
safety and performance.

The role of eye movement disorders in dri-
ving is largely an untouched research area.
Prior research on normally-sighted drivers
indicates that experienced drivers continu-
ously scan the road scene for useful informa-
tion47. Older drivers with restrictions in the
ability to turn their heads experience a
restriction in the distances at which approa-
ching traffic could be brought into the cen-
tral visual field for visual inspection48. Motion
perception and optical flow phenomena such
as ‘heading’ have a great deal of face validi-
ty to the driving task, but little work has
addressed how impairments in motion pro-
cessing may affect driving performance and
safety. Three decades ago a study45 showed
that performance in a motion perception task
was one of the best correlates of self-repor-
ted crash involvement among a large battery
of vision tests, but the relationship was still
weak. This study also found that acuity
under low illumination was related to night-
time crash involvement, but again the link
was weak. It has been suggested that dri-
vers’ errors and crashes at night may stem
from their lack of awareness of perceptual
limitations that occur in low light49. However,
as will discussed later, older drivers appear to
be quite good at self-regulation, and one of
the earliest modifications to driving habits is
the elimination of night driving.

Eye Disease 
Most vision-threatening eye conditions that
occur in the elderly are bilateral in nature, i.e.
affecting both eyes (e.g., cataract, age-rela-
ted macular degeneration, glaucoma, diabe-
tic retinopathy). However, the severity and
rate of progression of the condition can vary
greatly between the two eyes, allowing for
situations where one eye retains good func-
tion while the other eye is seriously impaired.
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This issue may be highly relevant in under-
standing crash risk in older drivers given the
results of a recent study on older drivers with
cataract42. This study showed that vision
impairment need only be present in one eye
to substantially elevate crash risk. A handful
of studies have specifically examined the
safety and driving performance capabilities
of ‘monocular’ drivers. In these studies,
monocularity has been defined in a variety of
ways. Although in these studies one eye has
good acuity or good peripheral vision (often
not precisely defined), the fellow eye can
vary across studies from no vision at all, to
acuity worse than 20/200 or significant scot-
omas in the visual field, to no definition of
monocularity given whatsoever. Thus, inter-
preting study results and summarizing across
studies can be difficult. With respect to actu-
al driving performance, simulated monocular
vision, by occluding one eye, did not impact
driving maneuvers on a closed-road course32-

33. With respect to safety, those drivers with
monocular field loss did not have an elevated
crash rate compared to a control group of
drivers with normal visual fields in both
eyes29. Not all studies are consistent with
these findings however50-51, finding higher
rates of violations and mishaps among
monocular drivers as compared to those with
normal vision in both eyes. A growing body
of evidence suggests that monocularity, par-
ticularly visual acuity impairment worse than
20/200 in one eye, elevates crash risk among
commercial drivers who are exposed to high
levels of driving often in intense traffic situa-
tions52-54. A study performed by the California
Department of Motor Vehicles54 on the safe-
ty of heavy-vehicle truck drivers found that
those who were monocular (acuity worse
than 20/200 in one eye) had more total con-
victions and crashes than did non-visually-
impaired drivers. Yet this topic remains con-
troversial. For example, a recent study55 that
assessed driving performance in both mono-
cular and binocular commercial drivers repor-
ted there were no group differences in the
safety with which most day-to-day driving
driving maneuvers were performed.

D r i v i n g  M o b i l i t y

VISUO-COGNITIVE AND COGNITIVE
IMPAIRMENT
Because driving is a complex visual/cognitive
task, it is unlikely that an assessment of visu-
al sensory impairment and the diagnosis of
eye disease would alone be sufficient to
identify those at elevated risk for crash invol-
vement. Visual information processing skills,
not only visual sensory thresholds, have a
great deal of face validity to the execution of
safe driving practices. One such skill that
appears to be relevant is visual attention. It is
interesting that several studies from the early
1970s implied that impaired visual attentio-
nal abilities were linked to crash involve-
ment56-58, but this finding was not further
explored until more recently.

During the late 1980's, a task called the
Useful Field of View was developed which
assesses the visual field area over which one
can use rapidly presented information59-62.
Unlike conventional measures of visual field,
which assess visual sensory sensitivity, the
Useful Field of View test additionally relies on
higher-order processing skills such as selecti-
ve and divided attention and rapid visual
processing speed. Over the past decade, in
excess of 50 published articles have evalua-
ted the UFOV® test in the context of driving
competence63. For example, reduction in the
useful field of view in older drivers is associ-
ated with a history of at-fault crash involve-
ment14, 25 and injurious crash involvement64.
Those drivers with the most severe restricti-
ons tended to have the highest number of
crashes during the prior five years14. In a
prospective study 30 older drivers with a
40% or greater impairment in the useful field
of view were two times more likely to incur a
crash during the three years of follow-up,
after adjusting for age, sex, race, chronic
medical conditions, mental status, and dri-
ving exposure. This association was primarily
mediated by difficulty in dividing attention
under brief target durations. It is noteworthy
that in this study useful field of view impair-
ment was the only type of visual deficit that
was related to future crash involvement;
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deficits in acuity, contrast sensitivity, and
visual field sensitivity were unrelated to futu-
re crashes.

The UFOV® test has also been used to study
crash proneness in the Alzheimer’s disease
population. Studies indicate that in drivers
with AD, that useful field of view reduction is
one of the best predictors of crash-involve-
ment in a simulator and poor on-road per-
formance in a driving test, when compared
to other cognitive tests65-67. These studies
imply that visual attention and visual proces-
sing speed are critical considerations when
evaluating safe driving skills and may be bet-
ter screening tests for detecting high-risk
older drivers than visual sensory tests, a prac-
tical issue worthy of focused investigation.

Impaired performance on other tests of hig-
her order visual processing abilities have also
been related to crash involvement and
impaired driving performance, underscoring
the importance of assessing visual skills
beyond basic capabilities. Studies have
reported associations between unsafe driving
and deficits in visual search and sequencing
abilities65, selective attention tasks19, 65, spatial
memory67-68 the perception of three-dimen-
sional structure from motion68, and the Trails
test14, 66, 69-71. The strength of the association
between driving competence measures and
the visuo-cognitive measures is consistently
much stronger than with visual sensory func-
tion alone.

PHYSICAL IMPAIRMENT
Controlling a vehicle in a safe fashion obvi-
ously depends on the successful execution
and continuous monitoring of physical beha-
viors. Several aspects of motor ability that on
face validity appear to be important for the
driving task are strength, coordination (both
gross and fine), range of motion of
head/neck, arms, and legs including the
overall flexibility of the extremities, and
balance and gait (e.g., in getting in and out
of a vehicle, sitting in a stable fashion behind
the wheel). As summarized by Marottoli72,

what is most striking about the area of phy-
sical function and driving in older adults is
that relatively little is known about how phy-
sical function deficits in the elderly impact
their driving safety and driving behavior.
There is little to no information available
about what minimum levels of physical func-
tioning are necessary for safe driving.
Reductions in strength could theoretically be
a problem when turning the steering wheel
or shifting the gear lever, however, most new
vehicles’ controls are designed now to
accommodate a wide range of driver
strength to facilitate ease of operation.
Retchin and colleagues73 found a bivariate
association between grip strength and dri-
ving frequency among older veterans, sug-
gesting that some older adults with impaired
strength may avoid driving. Range of motion
with respect to the head and neck is especi-
ally important for checking for vehicles,
pedestrians, and other obstacles in the road-
way environment. It has been shown that
older drivers with restricted ability to turn
their heads (e.g., from arthritis) are limited in
the distances at which approaching traffic
can be brought into the central visual field
for visual inspection, and that limited neck
rotation is a risk factor for future crash invol-
vement19. Gait and balance problems may be
especially a problem when getting in and out
of vehicles, which may hamper the use of
one’s vehicle, even though the person may
be safe behind the wheel, an issue worthy of
study. In terms of lower extremity problems,
foot abnormalities in older adults including
increased foot reaction time have been asso-
ciated with the occurrence of crashes and
moving violations in older drivers23, 74, imply-
ing that these problems may hamper the abi-
lity to maneuver between the accelerator
and the brake in a timely fashion.
Capabilities associated with physical activity
have also been related to older adults’ dri-
ving safety. Crash- or violation-involved
older drivers walked fewer blocks on the
average day23 and reported difficulty with
physical activities such as walking a mile,
opening a jar and doing yard work or light
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housework and were more likely to have a
history of falls75-76, compared to those who
were not crash- or violation-involved. This
implies that physical difficulties with other
instrumental activities of daily living may
serve as markers or warning signs that per-
son may also be having problems with dri-
ving. It has long been known that reaction
time to a visual stimulus is increased on ave-
rage in older adults compared to younger
adults when measured in a laboratory set-
ting, however, slow reaction time has not
been consistently identified as a risk factor
for older adults’ crash involvement. This may
be because of compensatory behaviors like
driving more slowly and avoiding heavy traf-
fic areas, although these potential coping
strategies deserve further investigation in
terms of their role in minimizing crash risk
among the elderly.

DRIVING DIFFICULTIES AND SELF-
REGULATION BY OLDER DRIVERS
There is evidence that the majority of older
drivers modify or self-regulate their driving
habits in certain driving situations. For exam-
ple, older drivers with declining visual and/or
cognitive function limit their driving exposu-
re in driving situations which are generally
believed to be more difficult (e.g., rain, night,
heavy traffic, rush hour)77-78. There are seve-
ral potential reasons why older adults modi-
fy their driving habits in later life, such as
they may have more flexible daily schedules
and thus have greater freedom to choose
when and where they drive or they may
have less need to drive on a daily basis. There
is growing evidence that some older adults
may limit their driving because they recogni-
ze that they have functional impairments
that may prompt safety concerns. For exam-
ple, older drivers with clinical significant
cataract (impairing visual acuity to 20/40 or
worse) are more likely to report driving diffi-
culty and limit their driving exposure than
those older drivers who do not have cataract
79-80. Older drivers with impairments in
contrast sensitivity, increased disability glare,
slowed visual processing speed, and/or divi-

D r i v i n g  M o b i l i t y

ded attention problems report more avoi-
dance of challenging driving situations than
those without these problems77, 80. 

Although it appears that many older adults
have self-awareness about the implications
of their visual impairments for safe driving, it
also appears that there are substantial num-
bers of older drivers with impairments who
do not understand the link. A recent study
found that in a large sample of visually
impaired drivers who still met the legal requi-
rements for driving, over half believed that
their vision problems were not likely to put
them at increased risk for crashing81. Three-
quarters of these drivers reported never or
rarely avoiding challenging driving situations.
However, what was particularly interesting is
that eighty percent acknowledged that they
would feel more protected from crashing if
they avoided certain situations, and also felt
that they had high self-efficacy in their abili-
ty to self-regulate. These findings imply that
functionally impaired older drivers who do
not currently engage in ‘self-protective’ dri-
ving behaviors may have the capacity to
change their driving strategies and engage in
self-regulation on the road. A recent study
evaluating the impact of an educational
intervention on high-risk visually-impaired
drivers implied that they benefited from the
educational program in that following their
participation in the program, they increased
their avoidance of challenging driving situa-
tions and reduced their driving exposure82-83.
The primary outcomes in this study were
based on self-report measures and thus a cri-
tical future step is to examine whether the
education intervention has an impact on the
safety of high-risk older drivers by reducing
their rate of crash involvement, an issue cur-
rently under investigation.

SUMMARY AND CONCLUSIONS
Driving is the preferred mode of transporta-
tion for the majority of older adults in many
countries. As such, many older adults
depend on the automobile to meet their
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mobility needs. This is an important issue,
since sustaining mobility is linked to physical
and psychological well being and a satisfying
quality of life. Nevertheless, as the fastest
growing age group of drivers, their higher
rate of crash involvement per mile driven
compared to younger drivers needs to be
addressed in the interest of both public
health and public safety. The recent years
have brought us many studies describing the
visual, cognitive, and physical risk factors for
crash involvement and impaired driving per-
formance in older drivers. In addition, we
know that some older drivers will self-regula-
te their driving to safer circumstances, either
on their own or if they are educated about
the potential protective benefit of these
behaviors. It is time now for research to
focus on developing and evaluating inter-
ventions to enhance driving safety while pre-
serving driving mobility and quality of life
whenever possible. As we will see in the
other articles in this volume, technological
developments and solutions have great pro-
mise for eventually meeting this goal.
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