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  Introduction

  Per mile driven, older drivers ( ≥ 65 years of age) have 
greater crash and fatality rates compared to any other age 
group except for the most inexperienced drivers ( ≤ 25 
years of age). This trend is largely driven by an accelerat-
ing crash risk after the age of 70 years coupled with great-
er physical frailty in old age with respect to crash forces 
 [1] . Addressing issues related to aging road user safety is 
becoming increasingly important as the United States 
and other industrialized nations undergo the process of 
population aging. By the year 2050 the proportion of the 
population made up of older adults will double, and with 
the aging of the ‘baby boomer’ generation we can expect 
a substantial increase in the number of older drivers on 
the road.

  While driving cessation (self-imposed or mandated) 
might seem like an acceptable solution to improving the 
safety of road users, it is important to recognize that the 
potential benefits are also associated with substantial costs. 
First, driving cessation places the burden of transportation 
on family and caregivers and may be especially difficult in 
rural communities lacking adequate public transportation. 
Second, driving cessation is associated with a number of 
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  Abstract

  Older drivers are at greatest risk for injury or death as a result 
of a car crash. In this mini-review, we outline the normative 
age-related changes to perceptual, cognitive, and motor 
abilities that contribute to increased crash risk and de-
creased comfort with driving, and highlight specific driving 
scenarios and conditions that are particularly challenging 
for aging road users. Adopting a person-environment fit 
framework, we discuss how the roadway environment can 
be modified to better match the abilities of the aging driver. 
We also review evidence for the efficacy of training interven-
tions that aim to change the abilities and strategies of the 
aging driver to better match the demands of the driving en-
vironment. Evidence suggests that specific changes to the 
roadway and driver training strategies can bring the abilities 
of the older driver back into alignment with the demands of 
the driving task. A focus on both approaches will help ensure 
the safety of all road users as the number of aging drivers 
greatly increases over the next few decades.
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negative outcomes including increased risk of depression, 
isolation, and a decreased quality of life and health (e.g. 
 [2] ). Since many older adults wish to continue to drive to 
maintain their independence, and because there are a 
number of negative outcomes associated with driving ces-
sation, this review primarily focuses on alternative means 
to improving road users’ safety and comfort.

  In discussing age-related driving problems and poten-
tial solutions, we adopt a person-environment fit frame-
work. Perceptual and cognitive abilities decline with age, 
making aspects of the driving task more challenging for 
older drivers compared to younger drivers (although 
greater experience may offset these difficulties to some 
extent). There are two general approaches to improving 
driver safety within this framework: (1) change the abili-
ties or strategies of the person, or (2) change the charac-
teristics of the environment. The goals of this mini-re -
 view are to describe the perceptual and cognitive de - 
clines associated with increasing age that potentially
play a role in road users’ comfort and safety, discuss how 
these declines impact specific high-risk driving situa-
tions, review changes to the road environment that sup-
port the safety and comfort of aging drivers, and review 
the efficacy of older driver training programs in improv-
ing driving performance and reducing crash risk.

  Driving-Relevant Age-Related Perceptual and 

Cognitive Changes

  A recent report found that seniors were dispropor-
tionately involved in crashes while making a turn across 
opposing traffic at intersections, merging from a yield 
lane, or changing lanes on a highway  [3] . Numerous com-
plex perceptual and cognitive processes are involved in 
situations in which a driver must decide when it is safe to 
enter a moving stream of traffic. We outline some of the 
normative age-related changes in vision, hearing, cogni-
tion, and psychomotor speed that provide critical infor-
mation for these and other driving decisions (see  [4]  for 
an in-depth treatment of age-related perceptual/cogni-
tive decline and its impact on performance). However, we 
caution that direct links between age-related changes and 
relatively rare crashes are difficult to establish because 
age-related declines in one sensory system may be corre-
lated with declines in others. Further, because sensory 
system acuity is also strongly related to measures of cog-
nition in adulthood, it is challenging to unpack relation-
ships between perceptual and cognitive decline and driv-
er comfort and safety outcomes.

  Vision
  The driving task is primarily visual in nature, and im-

paired vision is associated with increased driver discom-
fort, difficulty, and crash risk  [5] . The visual system and 
visual perception change in a number of important ways 
with increasing age  [6] , and these changes have implica-
tions for safe driving. For example, most people in their 
40s lose the ability to focus their eyes for near vision (pres-
byopia) due primarily to thickening of the lens. Presby-
opia might affect someone’s ability to process visual in-
formation as they shift focus from monitoring the road 
ahead to monitoring the instrument panel. Decreased 
maximal pupillary dilation, coupled with yellowing of the 
lens and poorer transmission of light through the optical 
media (e.g. from cataract formation) result in a substan-
tial reduction in the amount of light reaching the retina. 
A 65-year-old eye may admit only one third of the light 
of a 20-year-old eye under low light conditions. These 
changes, coupled with impaired neural processes respon-
sible for dark and light adaptation, make night driving 
particularly challenging for older drivers. Changes in 
depth perception may make it difficult to judge gaps in 
traffic accurately, leading to poorer merge and turn deci-
sions. Furthermore, eye diseases that increase sharply in 
late adulthood such as cataracts, glaucoma, diabetic reti-
nopathy, and macular degeneration can seriously impair 
visual acuity.

  Hearing and Vibration Detection
  Although driving is primarily a visually guided task, 

hearing is also a useful perceptual channel (e.g. hearing a 
horn warning from a fellow motorist, a siren from an un-
seen emergency vehicle, or the audible click feedback of 
a lane-change signal). The processing of potentially im-
portant driving-relevant auditory signals may be im-
paired because hearing declines markedly as age increas-
es  [7] , with hearing loss accelerating past the age of 60. 
This is particularly true for men, and mainly in the high-
er frequency ranges (2,000 Hz and higher). The ability to 
process signals in the presence of noise has also shown a 
strong age-related decline. With respect to driving per-
formance, self-reported hearing loss is a risk factor for 
crashes  [8] , and not surprisingly, hearing impairment 
may be especially problematic when accompanied by vi-
sion issues  [9] . Although modern vehicle designs have 
benefited from noise reduction techniques, there is the 
possibility for road noise to mask relevant signals. Vibra-
tion detection, particularly for high frequencies, also de-
clines with age. Thus, even multimodal sound and vibra-
tion signals created by raised center lane markers and 
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lane rumble strips might be more difficult to detect 
quickly, potentially reducing their value for correcting 
lane drift.

  Attention
  One of the requirements for safe driving is the ability 

to scan the visual field for relevant objects and take ap-
propriate action. High acuity vision is limited to a few 
degrees of the visual angle (the width of your thumb held 
out at arm’s length). Thus, it is necessary to scan the vi-
sual field by making eye movements or head movements 
to search for relevant information. Visual search efficien-
cy declines with age, particularly in terms of being able to 
prevent attention from returning to already searched lo-
cations (inhibition of return), with age-related declines 
being linked to driving performance measures  [10] . In 
addition, a driver’s ability to divide his/her attention be-
tween a central location and the periphery shows a much 
sharper decline with age. Such shrinkage in the useful 
field of view  [11]  is a strong predictor of crash rates  [12] . 
The ability to rapidly switch one’s attention also declines 
markedly with age, i.e. an older driver may be slower to 
switch his/her attention from one aspect of the driving 
task to another. An example would be looking ahead to 
judge the distance to a followed vehicle and then switch-
ing attention to the side to detect a vehicle merging into 
traffic from an on-ramp.

  Speed of Processing and Responding
  A hallmark of aging is decline in the speed of process-

ing  [13] . Older adults take 1.7–2.0 times longer than 
younger adults for elementary information processing 
operations (perceptual, cognitive, and motor processing 
 [14] ). Such slowing has implications for driving both in 
terms of adaptations that are necessary for older adults to 
drive safely and for how to design roadways to provide 
warnings early enough to allow safe decisions (e.g. road 
exit signs). In general, skilled driving requires that drivers 
anticipate hazardous conditions rather than relying on 
quick reflexes to react to them.

  Disease Processes
  As people age, they are likely to incur chronic condi-

tions such as heart disease, cancer, diabetes, and demen-
tia. By age 65, 90% of the population are likely to have one 
or more chronic conditions  [15] . These conditions, cou-
pled with the medications taken to control them, have the 
potential to impair functioning. For example, diabetic 
drivers are 1.5 times more likely to be involved in an at-
fault crash, and individuals with cognitive impairment 

are 3 times as likely to be involved in an at-fault crash  [16]  
(see  [17]  for an example of counterevidence). Arthritis 
can also make it more difficult to perform actions impor-
tant for safe driving, including the act of turning one’s 
head to check blind spots.

  Accommodating Age-Related Changes
  In many cases, older adults can adapt to the discussed 

changes, allowing them to continue to drive safely. One 
potential adaptation involves self-regulation. Older driv-
ers tend to avoid challenging driving conditions (night 
driving, poor weather) and often drive at reduced speeds 
to provide themselves with increased time to react to 
changing traffic conditions (although see evidence re-
ported later that self-regulation alone may not decrease 
crash risk). Another way to help older drivers is to design 
better vehicles and road systems that make fewer de-
mands on waning abilities. To summarize, most of the 
changes described above can be expected to affect older 
adult drivers; these are changes that are a normal part of 
the aging process. They result in a mismatch between the 
demands of the driving task and the abilities of the driver. 
Next we turn to specific roadway challenges that arise 
from this mismatch.

  Age-Related Driving Difficulties

  The Challenge of Turning across Opposing Traffic
  Even though intersections account for a small propor-

tion of the total roadway, a disproportionate number of 
traffic-related fatalities and injuries occur at or near in-
tersections. Crashes at intersections in which a vehicle is 
struck while turning to cross opposing traffic (left-turn 
crashes in countries that drive on the right side of the 
road, right-turn crashes in countries that drive on the left 
side of the road) are both common and severe. Older 
adult drivers are at greater risk for intersection crashes, 
and crashes in which a turning vehicle is struck by oppos-
ing traffic are particularly dangerous and common for 
older adult drivers  [18] . Differential risk can be linked to 
difficulties with speed and gap judgments  [19] , as well as 
decreased working memory capacity  [20] .

  Nighttime Driving
  On a per-mile basis, fatal crashes are more likely to 

occur at night. Although older adults are less likely to be 
involved in nighttime crashes compared to younger 
adults, infrequent nighttime crashes may be the result of 
a strategy of avoiding nighttime driving. Older adults 
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who do drive at night are at greater risk due to age-relat-
ed changes in the amount of light reaching the retina, 
poorer contrast sensitivity, and changes in dark and light 
adaptation. Steering accuracy, for example, appears to be 
differentially impaired for older adults compared to 
younger adults under conditions of low illumination 
 [21] .

  Road-Hazard Detection
  A critical component of the driving task is the ability 

to anticipate, detect, and respond to changes in roadway 
conditions. Age-related perceptual and cognitive declines 
can decrease the speed and accuracy of doing so. For ex-
ample, Caird et al.  [22]  presented younger and older par-
ticipants with images of intersections and had partici-
pants make decisions about whether or not it would be 
safe to proceed through an intersection, turn left, or turn 
right. During the presentation, cars or pedestrians were 
sometimes inserted in the path of intended travel. Older 
adults were less likely to detect these hazards (i.e. they 
were more likely to judge that it was safe to proceed), and 
were particularly less likely to detect the presence of pe-
destrians.

  Sign Perception
  Signs and signals convey important information criti-

cal for safe driving and efficient navigation. Previously 
described changes to the visual system can influence old-
er adults’ ability to notice and comprehend the meaning 
of signs. For instance, Dewar et al.  [23]  found that older 
adult participants tended to display legibility distances 
that were 80% of what their younger counterparts dis-
played. In addition, they found that glare reduced legibil-
ity distances, but only for the older adult participants. 
Critical information conveyed by signs and signals may 
not reach older drivers quickly enough, putting them at 
greater risk compared to younger drivers.

  Countermeasures to Improve Road User Safety

  Within the person-environment fit framework, one 
option to reduce crashes is to change the environment to 
better match the abilities of the driver. While these 
changes might be especially important in reducing age-
related crash risk, they also make the driving task easier 
for drivers of all ages. Specific countermeasures are de-
scribed below (see Staplin et al.  [24]  for additional rec-
ommendations and justification for proposed roadway 
changes).

  Offset Turn Lanes
  Crashes involving a turning car being struck by oncom-

ing traffic are common and older adults are at a greater risk 
for this type of crash. One potentially effective counter-
measure to support older drivers is the use of offset turn 
lanes. For example, in the USA an opposing left-turn lane 
can be offset to the right to allow a more unobstructed view 
of oncoming traffic when the opposing left-turn lane is oc-
cupied by vehicles. This design aids older drivers who tend 
to have an impaired ability to correctly judge speed/dis-
tances and gaps between vehicles by giving them more time 
to estimate these values and make a more accurate decision 
regarding when to turn  [25] . As suggested by Preusser et 
al.  [18] , a protected turn phase may also be beneficial to 
older drivers. Protected turn signals greatly simplify the 
decision process involved when turning across traffic, but 
may come at a cost in terms of traffic flow.

  Improving Nighttime Visibility
  A number of countermeasures have the potential to 

address the difficulties older drivers face when driving at 
night. These include internally lit street signs, improved 
roadway illumination  [26] , highly reflective (fluorescent) 
backing on signs, and raised reflective pavement markers 
that more easily delineate the roadway even under low-
light conditions.

  Advanced Street Name Signs
  Advanced street name signs (street name signs placed 

a certain distance before a roadway) are another poten-
tially effective countermeasure for older adults. These 
signs are beneficial in that they give older drivers an ear-
lier opportunity to identify an upcoming road, and as a 
result reduce their risk of making a rear-end or side-swipe 
collision that may result from decreased attention to the 
road while attempting to read street signs at intersections. 
Gross et al.  [27]  analyzed data from 193 signalized inter-
sections before and after the placement of advanced street 
name signs and observed that side-swipe collisions were 
reduced by up to 27%.

  Increased Text Size
  Text is generally easier to read when it is larger. There-

fore, increasing the character size of roadside signs can 
result in increased readability, especially for older adults 
who are more likely to suffer from degraded perceptual 
abilities. In an older adult sample, Guerrier and Fu  [28]  
observed a benefit from larger font sizes in terms of in-
creased legibility distances (older adults were able to read 
signs from a greater distance when the font size was larg-
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er). Similar to advanced street name signs, greater sign 
legibility distances give older adults more time to prepare 
a response.

  Modifying Perception-Action Time Estimates of Older 
Drivers
  Roadway design and sign and signal placement are 

based on the time estimated for drivers to be able to per-
ceive and respond to events and messages, and these esti-
mates may not adequately account for age-related slow-
ing. For example, when estimating the appropriate dura-
tion of a yellow light, a parameter specifying the drivers’ 
perception-response time must be taken into account. 
This parameter is 1 s according to the Manual on Uni-
form Traffic Control Devices, which may be too short for 
older drivers. By using GOMS modeling  [14, 29] , it was 
found that older adults take 20–100% longer to process 
information and respond compared to younger adults. 
Therefore, it may be beneficial to adjust the normal time 
interval on yellow lights accordingly. Similar modeling 
efforts could be used to improve other estimates used to 
make decisions on roadway design. However, longer per-
ception-reaction times may be offset by the tendency of 
older drivers to drive more slowly  [30] .

  Aging Road User Training

  In addition to various changes that can be made to the 
roadway to reduce the crash risk of older drivers, the per-
son-environment fit model also suggests that we can im-
prove the abilities of older drivers to help them cope with 
the demands of driving despite age-related changes that 
make driving more challenging. Many studies have ex-
amined the effect of various interventions on driving 
knowledge, performance (either on road tests or in simu-
lators), and to a lesser extent crash risk. While there has 
been success in improving older adults’ knowledge, use of 
strategy, and driving performance in certain situations, 
the evidence that these improvements result in decreased 
crash rates is unfortunately limited.

  Older Driver Education Programs
  Older driver education has been a focus of a number of 

interventions intent on encouraging safe driving and re-
ducing crash risk. These programs are designed to increase 
awareness of age-related risk, highlight specific driving 
conditions and situations that are most hazardous to older 
drivers, and encourage strategies for coping with or avoid-
ing these risky driving conditions. For example, Owsley et 

al.  [31]  educated drivers suffering from age-related visual 
decline on the impact of poor vision on driving safety and 
specific strategies to decrease crash risk [e.g. driving only 
during the day, making three right turns (in the USA) in-
stead of a left turn at a busy intersection, etc.]. This inter-
vention was effective in increasing self-reported strategy 
use and improving awareness of driving difficulty and de-
creased visual ability, but unfortunately was not associated 
with a decreased crash rate 2 years after the intervention. 
Similar null results with respect to crash rate were reported 
by Janke  [32]  after evaluating the impact of a driver educa-
tion program, and at least one study has found an increased 
crash rate for older drivers who participated in a driver 
education program compared to older drivers who did not. 
In general, education programs appear to be effective at 
increasing awareness and reducing exposure to risky driv-
ing situations, but there is limited evidence that driver ed-
ucation alone can reduce crash rates.

  Education plus On-Road Training
  Recent studies have evaluated the impact of driver edu-

cation programs combined with on-road driver training, 
and these multipronged interventions have indicated 
promise. For example, participants assigned to the inter-
vention condition in a study conducted by Bédard  [33]  
completed an educational component based on the pro-
gram developed by the AARP, but also received two road 
sessions with a driving instructor that reinforced the con-
cepts presented in this program. The intervention group 
demonstrated greater knowledge of safe driving practices 
after the intervention compared to participants who did not 
receive the intervention, but also were evaluated as making 
fewer unsafe roadway maneuvers in a driving test. Similar 
results were observed by Marottoli et al.  [34] . However, 
these studies did not evaluate whether changes in driving 
behavior result in fewer crashes after the intervention.

  Perceptual Training
  As mentioned previously, visual processing speed, often 

measured by the useful field of view, declines with age and 
this decline is predictive of crashes. Based on the known 
relationship between visual processing speed, age, and 
driver safety, some interventions focus on training visual 
abilities to reduce the crash risk of older drivers. For ex-
ample, Roenker et al.  [35]  conducted a study in which par-
ticipants received driving simulator training or useful field 
of view training. Driving performance was then evaluated 
by an on-road examination. Participants who received vi-
sual processing speed training engaged in fewer risky ma-
neuvers. Furthermore, in a driving simulator-based reac-
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tion time task, visual processing speed training was asso-
ciated with reduced reaction times. However, this was a 
relatively small study in terms of sample size of the inter-
vention and control group, and crash rates were not as-
sessed. As part of the ACTIVE (Advanced Cognitive Train-
ing for Independent and Vital Elderly) clinical trial, a sim-
ilar training intervention was compared to two active and 
one passive control group (n = 908 in total), and crashes 
were recorded for 6 years  [36] . Although the total crash 
rate did not differ between the groups, the processing 
speed-trained group was involved in significantly fewer at-
fault crashes, providing some preliminary evidence that 
perceptual training can reduce crash risk.

  Eye Scanning Training
  Recent experimental work has observed that intersec-

tion crashes, of which older adults are at a greater risk, 
may be due to insufficient scanning of the roadway envi-
ronment  [37] . It has been hypothesized that seniors de-
velop an unsafe strategy of primarily scanning regions 
immediately ahead of their vehicle at the cost of scanning 
peripheral intersection locations likely to contain poten-
tial threats. With training, older adults can scan more ef-
fectively and learn to allocate their attention similar to 
younger adults. However, more work is necessary to fully 
understand the extent to which greater attention to these 
regions benefit older driver safety.

  Physical Training
  Unsafe driving can also be a consequence of difficulties 

experienced while physically interacting with the control 
elements of an automobile. Some interventions have fo-
cused on improving physical functioning (specifically 
flexibility/range of motion) to improve driving perfor-
mance. For example, Marottoli et al.  [38]  observed im-
proved on-road performance following a 12-week exer-
cise intervention. Evidence that such interventions result 
in fewer crashes, however, is lacking. Like all interven-
tions discussed, large-scale clinical trials that record crash 
rates after the intervention compared to a suitable control 
group would contribute substantially to our understand-
ing of the effectiveness of these interventions in reducing 
injuries, fatalities, and property damage.

  Conclusion

  Although older adults are at greater risk of being killed 
or injured in a crash due to declining perceptual, cogni-
tive, and motor abilities, appropriate countermeasures 

and training may reduce these risks. In other words, we 
may be able to change the roadway to better match the 
capabilities of older drivers or improve the abilities and 
strategies of older drivers to better match the demands of 
the driving task. Maximal safety will be achieved by pur-
suing both approaches.

  We have largely focused on older adult drivers, but 
important research has been done and should continue 
with respect to improving the safety of all aging road-
users including pedestrians and cyclists. Like older driv-
ers, older pedestrians are also at greater risk compared
to their younger counterparts. Since physical exercise is 
beneficial to health and cognition in old age, infrastruc-
ture encouraging activity and protecting pedestrians and 
cyclists from harm may be especially beneficial to older 
adults.

  We focused primarily on the driving difficulties of old-
er adults and training and countermeasures to reduce 
these difficulties, and thus were not able to discuss all of 
the important issues related to aging road user safety. As 
mentioned previously, driving cessation is another criti-
cal issue, and related to this is the assessment of driver 
fitness. We primarily discussed ways to change the road-
way to improve older driver safety, but changes to the 
vehicle itself may also play an important role. Technology 
can supplement the abilities of older adults  [39] , and fea-
tures such as back-up cameras, collision warning systems, 
and someday in the near future autonomous or semiau-
tonomous vehicles may help to reduce the greater risk 
experienced by older adult drivers.
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