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Association between Higher Order Visual Processing
Abilities and a History of Motor Vehicle Collision
Involvement by Drivers Ages 70 and Over
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PURPOSE. To examine in a population-based sample of 2000
drivers aged 70 years and older, the independent association
between higher order visual processing impairment and motor
vehicle collision (MVC) rate during the prior 5 years.

METHODS. Three higher order visual processing screening tests
were administered since previous research found associations
between impaired performance on these screens and MVC
involvement. They included an estimate of visual processing
speed under divided attention conditions (useful field of view
[UFOV] subset 2); Trails B, a paper and pencil test of visual
processing speed also involving problem solving, executive
function, and working memory; and the visual closure subtest
of the Motor Free Visual Perception Test (MVPT) examining the
ability to recognize objects only partially visible. Potentially
confounding variables were also assessed including demo-
graphics, general cognitive status, visual acuity, and contrast
sensitivity. MVC involvement was determined by accident
reports from the Alabama Department of Public Safety, and
driving exposure was estimated from the Driving Habits
Questionnaire.

RESULTS. MVC rates (for at fault and all MVCs) were significantly
higher for those older drivers with impairments in any of the
three visual processing screening tests. After adjustment for
potentially confounding influences, the association between
MVC rate and Trails B remained significant, whereas the
association with MVPT and UFOV did not.

CONCLUSIONS. This population-based study of drivers aged 70
years and older suggests that a paper and pencil test assessing
higher order visual processing skills is independently associat-

ed with a recent history of MVC involvement. (Invest

Ophthalmol Vis Sci. 2013;54:778–782) DOI:10.1167/
iovs.12-11249

Concerns about older driver safety continue to receive
considerable public and media attention.1–3 Older adults

have a higher rate of driving errors and motor vehicle collisions
(MVCs) (both fatal and nonfatal) than do middle-aged adults.4,5

Older drivers are also more likely to die or sustain serious
injuries once involved in a MVC.6,7 Added to these concerns is
the fact that older drivers are a rapidly growing segment of the
population and are continuing to drive for more years into late
adulthood than did previous generations.8 Concerns about
safety must be balanced against the personal need for
community mobility and the negative consequences of driving
cessation.9 Driving cessation in older adults is associated with
an increased risk for depression,10–12 placement into long-term
care,13 and decreased physical activity level and health
status.14,15

There is strong interest in examining risk factors for MVCs
among older drivers since risk factor identification can be used
to guide the development of screening approaches for high-
risk older drivers, which could ultimately improve public
safety. Deficits in certain higher order visual processing
abilities in older adults have emerged from previous research
as among the strongest and consistently reported functional
risk factors for MVC involvement. They typically exhibit
stronger associations with MVC than do visual sensory
functions (e.g., contrast sensitivity, visual acuity).16 These
deficits include slowed visual processing speed under divided
attention conditions as measured by the useful field of view
(UFOV) subtest 2, a computerized test,17–22 and also as
measured by Trails B, a paper and pencil test.18,20,23–25 There
have also been several reports that impairment in visuospatial
processing ability as measured by the Visual Closure Subtest of
the Motor-Free Visual Perception Test is related to older
drivers’ MVC involvement and impaired driving perfor-
mance.20,26,27 These visual processing impairments have been
associated with MVC involvement in both cross-sectional18,23

and prospective studies.19,21,22,25 While the previous work has
gone far in establishing the association between these
impairments and MVC involvement in older adults, with two
exceptions20,21 population-based estimates are lacking. There-
fore, we examined these relationships in a large population-
based (N¼ 2000) sample of older drivers ages 70-years-old and
older residing in Alabama, who were legally licensed to drive,
and were also currently driving. Our approach allows for
population-based estimates of the association between a recent
history of MVC involvement and slowed visually processing
speed and impaired spatial ability, while also adjusting for other
factors known to impact MVC rates in older drivers.
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METHODS

The study was approved by the institutional review board of the

University of Alabama at Birmingham and was consistent with the

Declaration of Helsinki. The sample was assembled for the purposes of

a population-based study of older drivers (N¼ 2000) aged 70 years and

older who resided in Jefferson County, Alabama or the border areas of

contiguous counties.28 We began with a list of persons residing in this

geographic area obtained from a direct marketing company (Pinpoint

Technologies, Tustin, CA). We then confirmed driver’s license status

through the Alabama Department of Public Safety (AL DPS), and

eliminated those from the target population who did not hold Alabama

licenses. From this target population of licensed drivers, we randomly

selected potential participants who were mailed a letter about the

study, which was then followed by a telephone call from study

personnel to confirm eligibility; if eligible, the person was invited to

participate. The inclusion criteria were: (1) age 70 or older, (2) held a

current Alabama driver’s license, (3) had driven within the last 3

months, (4) did not reside in a nursing home or other institution where

comprehensive care was provided and/or community access and

driving opportunity were controlled, and (5) spoke English. For those

individuals who were eligible and agreed to participate, an appoint-

ment was scheduled at the Clinical Research Unit in the Department of

Ophthalmology, University of Alabama at Birmingham. For those who

declined to participate, basic demographic information (age, race/

ethnicity, sex) and driving status were obtained. All study personnel

who interacted with participants were masked with respect to each

participant’s MVC history.

A trained interviewer administered several questionnaires to

participants. These included a review of demographic characteristics

(age, race, sex, education completed) and a medical condition

questionnaire that asked about the presence versus absence of 15

chronic medical conditions in the form of ‘‘Has a doctor ever told you

that you have . . . .’’ The Driving Habits Questionnaire29 was used to

obtain an estimate of annual mileage.

Three higher order visual processing screening tests were selected

for administration since previous research has demonstrated significant

associations between impaired performance on these tests and MVC

involvement,17–27 as discussed earlier. Visual processing speed under

divided attention conditions was examined by the UFOV subtest 2

(Visual Awareness Research Group, Punta Gorda, FL).30,31 This

screening test, administered on a computer with a touch screen,

estimates the amount of time in milliseconds that a person needs to

discriminate which of two test targets is presented at fixation in central

vision, while simultaneously identifying the location of a peripheral

target in the 108 radius field. Scores can range from 16 to 500 ms.

Impaired UFOV subtest 2 performance was defined in terms of

moderate impairment (scores 150–350 ms) and severe impairment

(scores > 350 ms).20 Visual processing speed while dividing attention

was also assessed using the Trails B test,32 a paper and pencil test that

not only relies on processing speed and divided attention but also on

problem solving, executive function, and working memory.33 It is a

connect the dots task that includes two sets of dots, one labeled from 1

to 25 and the other labeled A to Z. The participant connects the dots by

alternating between numbers and letters (i.e., 1, A, 2, B, 3, C etc.).

Performance is expressed in terms of the time (expressed in minutes)

needed to complete the test. Impaired performance on Trails B was

defined as scores greater than or equal to 2.47 minutes.20,23 Spatial

ability was assessed by the Visual Closure Subtest of the Motor-free

Visual Perception (MVPT)34; this test examines one’s ability to

recognize incompletely drawn objects by matching them to completely

drawn versions of the object. A total of 11 test cards are shown, so

scores can range from 0 to 11 correct. Impaired MVPT performance

was defined as less than eight cards correct.20

Contrast sensitivity and general cognitive status were also assessed.

They have been previously associated with MVC involvement by older

drivers35–38 and also can impact higher visual processing skills,18,39

and, thus, could serve as potentially confounding factors in examining

the relationship between higher order visual processing skills and MVC

involvement. Contrast sensitivity was estimated using the Pelli-Robson

contrast sensitivity chart40 under binocular conditions; it was scored by

the letter-by-letter scoring method41 and expressed as log sensitivity.

General cognitive status was assessed by the Mini-Mental State Exam,

with potential scores ranging from 0 to 30 (perfect performance).42 We

also measured habitual, binocular visual acuity using the Electronic

Visual Acuity (EVA) tester,43 which was expressed as logarithm of the

minimum angle resolvable (logMAR).

Accident reports for the 5 years prior to each participant’s

enrollment date were provided by the AL DPS, the state agency that

maintains these records. These reports provided information about the

MVCs incurred in the previous 5 years in which the participant was the

driver, and whether or not the participant was deemed at fault by the

police officer who came to the scene. This information was used

together with driving exposure obtained through the Driving Habits

Questionnaire29 to calculate the crash rate per million miles driven for

each group in the study.

Drivers with and without impaired performance on the three visual

processing tests were compared with respect to demographic, health,

and driving characteristics using t- and v2 tests for continuous and

categorical variables, respectively. Poisson regression was used to

estimate rate ratios (RRs) and associated 95% confidence intervals (CIs)

for the association between overall and at fault MVC involvement and

MVPT, Trails B, and UFOV. Age, sex, race, education level, mental

status, contrast sensitivity, visual acuity, and the number of comorbid

health problems were considered potential confounders, and, thus,

adjusted RRs are also reported. P values of less than or equal to 0.05

(two-sided) were considered statistically significant.

RESULTS

Table 1 presents descriptive statistics for the sample with
respect to demographic variables, contrast sensitivity, visual
acuity, mental status, the number of medical comorbidities, and
annual mileage. Participants with impaired scores on the visual
closure subtest of the MVPT, Trails B, and UFOV subtest 2 were
more likely to be older, African American, and have completed
less education; they were also more likely to have worse
contrast sensitivity, visual acuity, and mental status scores, and
their annual mileage was lower. Men were more likely to have
impairments on Trails B and UFOV than were women, but this
sex difference was not significant on the MVPT. Annual mileage
was lower for those with impairments on Trails B, UFOV, and
the MVPT.

Table 2 presents the number of MVCs incurred (overall and
at fault) in the 5 years prior to enrollment and the MVC rate
(per million miles of travel) for impaired and nonimpaired
drivers on each visual processing test. Also presented are both
crude and adjusted RRs that examine associations between
impairment on each visual processing screening test and MVC
rate. These associations are presented for all MVCs as well as
for at fault MVCs only. Focusing first on the analysis on all
MVCs, regardless of visual processing test, the rate of MVC
involvement was higher for those with impairment on any of
the visual processing tests, as revealed by significant RRs. After
adjustment for potentially confounding factors, the association
between MVC rate and Trails B remained significant. However
the association with MVPT and UFOV was no longer
significant.

With respect to at fault MVCs, a similar picture emerged.
MVC rates were higher for those with visual processing
impairment as defined by MVPT, Trails B, or UFOV subtest 2.
These rate increases were significant when unadjusted, yet
when adjusted, only Trails B was significantly associated with
MVC rate.
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DISCUSSION

This study found that older drivers, aged 70 years and older,

with deficits in higher order visual processing had higher rates

of MVC involvement than those with no such deficits,
specifically, those with slowed visual processing speed under

divided attention conditions and impaired visuospatial ability

to visualize information not present, were more likely to be

crash involved in the previous 5 years. This population-based
study is in agreement with several previous studies,17–22 both

cross-sectional and prospective in design, in highlighting the

importance of visual processing speed and spatial abilities in

understanding collision involvement among older drivers.
However, in the present study, several potentially confounding
factors that were correlated with both visual processing
abilities and crash rates were also measured; when associations
between MVC involvement and visual processing abilities were
adjusted for these factors, only impaired performance on Trails
B remained significant. Trails B relies on many types of skills.33

In addition to visual processing speed and divided attention,
Trails B also involves problem solving, executive function, and
working memory, as well as visual scanning, and eye–hand
motor control. It could be that because it taps into either a
wider array of relevant skills than the UFOV and the MVPT, or a

TABLE 1. Demographic Characteristics, Contrast Sensitivity, Visual Acuity, Mental Status, Number of Comorbid Medical Conditions, and Annual
Mileage Stratified by Nonimpaired and Impaired Performance on the Visual Processing Screening Tests (MVPT Visual Closure Subtest, Trails B, UFOV
Subtest 2)

MVPT Visual Closure Subtest Trails B UFOV Subtest 2

>7 �7

P Value

<2.47 ‡2.47

P Value

<150 150–350 >350

P Valuen ¼ 1,700 n ¼ 300 n ¼ 1241 n ¼ 754 n ¼ 1,125 n ¼ 653 n ¼ 221

Age, mean (SD) 76.9 (4.8) 78.6 (5.6) <0.0001 76.2 (4.2) 78.8 (5.7) <0.0001 76.2 (4.4) 77.7 (4.8) 80.5 (6.2) <0.0001

Sex, n (%)

Male 971 (57.1) 159 (53.0) 0.18 679 (54.7) 447 (59.3) 0.05 661 (58.7) 344 (52.7) 125 (56.6) 0.04

Female 729 (42.9) 141 (47.0) 562 (45.3) 307 (40.7) 464 (41.2) 309 (47.3) 96 (43.4)

Race, n (%)

White 1466 (86.2) 1466 (58.0) <0.0001 1130 (91.1) 505 (67.0) <0.0001 1010 (89.8) 500 (76.6) 129 (58.4) <0.0001

Black 226 (13.3) 125 (41.7) 107 (8.6) 244 (32.4) 110 (9.8) 149 (22.8) 92 (41.6)

Other 8 (0.5) 1 (0.3) 4 (0.3) 5 (0.7) 5 (0.4) 4 (0.6) 0 (0.0)

Education, n (%)

Less than high school 503 (29.6) 129 (43.1) <0.0001 292 (23.5) 340 (45.2) <0.0001 292 (26.0) 237 (36.4) 103 (46.6) <0.0001

High school grad or

GED

38 (2.2) 13 (4.4) 21 (1.7) 30 (4.0) 24 (2.1) 20 (3.1) 7 (3.2)

1–4 y of college 893 (52.5) 125 (41.8) 712 (57.4) 303 (40.2) 629 (55.9) 294 (45.1) 94 (42.5)

Postgraduate degree 266 (15.7) 32 (10.7) 216 (17.4) 216 (10.6) 180 (16.0) 101 (15.5) 17 (7.7)

Contrast sensitivity,

mean (SD)

1.7 (.13) 1.6 (.13) <0.0001 1.70 (0.12) 1.63 (0.14) <0.0001 1.7 (0.12) 1.7 (0.13) 1.6 (0.14) <0.0001

Visual acuity, mean (SD) 0.05 (0.13) 0.09 (0.14) <0.0001 0.04 (0.12) 0.09 (0.15) <0.0001 0.03 (0.12) 0.07 (0.14) 0.10 (0.15) <0.0001

MMSE, mean (SD) 28.4 (1.7) 26.8 (2.6) <0.0001 28.8 (1.2) 27.1 (2.4) <0.0001 28.8 (1.2) 27.9 (3.0) 26.0 (3.0) <0.0001

Comorbid conditions,

mean (SD)

3.4 (1.8) 3.4 (1.8) 0.88 3.3 (1.8) 3.6 (1.9) <0.0003 3.3 (1.8) 3.6 (1.8) 3.6 (1.8) 0.0006

Annual mileage, mean

(SD)

9845

(9657)

7724

(7717)

0.0003 10,380

(9812)

8124

(8583)

<0.0001 10,288

(9974)

8964

(8546)

7345

(8533)

<0.0001

TABLE 2. Associations between Performance in Visual Processing Screening Tests and MVC Rate in the Previous 5 Years (Both Unadjusted and
Adjusted Rate Ratios)

N

All MVCs At Fault MVCs

N MVCs MVC Rate* RR (95% CI) RR (95% CI)† N MVCs MVC Rate* RR (95% CI) RR (95% CI)†

MVPT visual closure subtest

>7 correct 1,700 566 5.16 Reference Reference 253 2.31 Reference Reference

�7 correct 300 115 7.62 1.48 (1.21–1.80) 0.97 (0.78–1.21) 55 3.64 1.58 (0.18–2.11) 0.93 (0.67–1.27)

Trails B

<2.47 minutes 1,241 382 4.53 Reference Reference 160 1.90 Reference Reference

‡2.47 minutes 754 298 7.43 1.64 (1.41–1.91) 1.23 (1.02–1.49) 148 3.67 1.94 (1.55–2.43) 1.39 (1.05–1.83)

UFOV subtest 2

<150 ms 1,125 362 4.78 Reference Reference 160 2.11 Reference Reference

150–350 ms 653 228 5.97 1.25 (1.06–1.48) 0.98 (0.82–1.17) 96 2.51 1.19 (0.93–1.54) 0.88 (0.67–1.15)

>350 ms 221 91 8.60 1.80 (1.43–2.27) 0.99 (0.75–1.31) 52 4.91 2.33 (1.71–3.19) 1.09 (0.73–1.61)

* Motor vehicle collision rate per million miles of travel.
† Rate ratio (RR) adjusted for age, sex, race, education, contrast sensitivity, visual acuity, MMSE, and number of comorbid medical conditions.
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set of skills more relevant or fundamental to controlling a
vehicle, Trails B emerges as having an independent association
with a history of MVC involvement.

Unlike the majority of previous studies, this study did not
find that visual processing speed as measured by UFOV subtest
2 was independently associated with a history of MVC
involvement after adjustment for potentially confounding
factors. That the results from the current study are inconsistent
with prior work is surprising, given the robustness of the
association across various study designs. Some previous studies
reporting associations between UFOV and MVCs have been
based on small samples,17 samples pooled across studies,22

convenience samples,44,45 those with a disproportionate
representation of multiple crash involved drivers,18,19 and/or
addressed the relationship between baseline visual processing
abilities and incident (prospective), not retrospective,
MVCs.19–21 In a population-based study based in a driver
licensing office in Maryland,20 UFOV subtest 2 (the same
screening test as used in the present study) was associated
with incident MVC involvement after adjustment for many
other factors; however, associations were not adjusted for
contrast sensitivity impairment as was the case in the present
study. Contrast sensitivity is known to elevate MVC risk in
older drivers and also known to impact UFOV test perfor-
mance.35–37 Yet when contrast sensitivity was removed from
our multivariable analysis, there still was no association with
UFOV impairment; thus, this does not explain the difference in
results between the two studies.

In another population-based, prospective study of older
adults in Salisbury, Maryland (SEE Project),21 UFOV was
measured in a sample of study participants who were
approximately 2.1 times more likely to have an incident crash
in subsequent years after adjustment for demographic vari-
ables, mental status, and medical comorbities; however
associations in the SEE Project were not adjusted for contrast
sensitivity. As mentioned above, in the present study, even
when contrast sensitivity was not adjusted for, there still was
no association between UFOV and MVC rate. It is important to
consider design differences between the SEE Project and the
current study, given the difference in the results. The present
study used the current UFOV software where performance is
defined as a duration threshold and peripheral targets are
presented at approximately 108 eccentricity only, whereas the
SEE project used the original version of the UFOV test where
targets are presented out to 308 and performance is expressed
as a spatial area within the 308 field where a criterion level of
performance could be met. Yet previous research indicates
good agreement between the two versions of the test.31 The
age distribution in the two studies was different; approximately
one-third of the Maryland sample were in the 60 age group at
baseline, whereas all drivers in the present study were age 70
and over. Only half the participants took the UFOV test in the
SEE project, whereas the test was administered to all
participants in the present study.

Another major reason for differences between our study
and the two Maryland studies20,21 could be that the Maryland
studies had a prospective design, whereas the present study
did not. The lack of an association in the current study might
be attributable to survival bias. Despite the use of retrospective
MVCs, our study design is inherently cross-sectional in nature
and as a result, individuals in this older age group with UFOV
impairment who were particularly at risk for MVCs may have
died. This is supported by previous work suggesting that older
drivers with UFOV impairment have a higher mortality risk
than those without UFOV impairment.15 Our older driver
sample in the present study is now being followed prospec-
tively for MVC involvement, which will eventually constitute a

more appropriate direct comparison with the two Maryland
studies.

Strengths and limitations of this study should be considered.
This study had a large sample, population-based design. The
age range focused on was older drivers aged 70 and over, the
age range in later adulthood where MVC rates in the United
States dramatically increase, especially rates of fatal colli-
sions.46 Many potentially confounding factors were measured
and taken into account when evaluating RRs. The visual
processing screening tests subjected to evaluation were
selected based on numerous previous studies suggesting their
relevance to understanding driver safety in older adults.17–27 In
preliminary analyses, we explored a variety of cutpoints for
impairment definitions for the visual processing tests studied
here, with no noteworthy change in the main results of the
study. A limitation is that the visual processing abilities of
nonparticipants could not be ascertained and, thus, their
impact on our measures of association remains unknown. The
generalizability of our findings to ethnic/racial groups other
than whites of non-Hispanic origin and African Americans and
to other geographic regions of the United States is unknown.

In conclusion, this study suggests that impaired visual
processing speed under divided attention conditions in drivers
aged 70 years and older as assessed by a simple paper and
pencil test, which also relies on problem solving, executive
function, and working memory, is independently associated
with an elevated MVC rate during the previous 5 years of
driving. This large sample of older drivers is being followed
prospectively to assess whether incident MVCs are associated
with the higher order visual processing tests examined here, as
well as with visual sensory tests (contrast sensitivity, visual
field sensitivity). The prospective portion of this population-
based Alabama study will be instructive in whether it confirms
the results of the two Maryland population-based, prospective
studies20,21 that found that UFOV subtest 2 is a significant
independent marker for incident MVC involvement. It is firmly
established that visual acuity testing, the standard vision
screening approach at initial licensure or renewal in the
United States and many other jurisdictions is inadequate as a
screening tool for identifying crash prone drivers because of its
poor sensitivity and specificity.16 Thus, there is a pressing
public safety need to investigate alternative visual screening
strategies so that licensure decisions are evidence-based, fair,
and effective at enhancing safety.

References

1. Davis R, DeBarros A. Older, dangerous drivers a growing
problem. USA Today. May 2, 2007. Available at: http://
usatoday30.usatoday.com/news/nation/2007-05-02-older-
drivers-usat1a_N.htm. Accessed October 27, 2012.

2. White JB. New generation of elderly drivers stirs safety
concerns. The Wall Street Journal. November 23, 2010.
A v a i l a b l e a t : h t t p : / / o n l i n e . w s j . c o m / a r t i c l e /
SB10001424052748704369304575633432772769318.html.
Accessed October 27, 2012.

3. O’Brien T. Should elderly drivers have to take a retest? Albany

Times Union. August 30, 2012. Available at: http://blog.
timesunion.com/gettingthere/thursday-poll-should-elderly-
drivers-have-to-take-a-retest/4156/. Accessed October 27,
2012.

4. Dawson JD, Uc EY, Anderson SW, Johnson AM, Rizzo M.
Neuropsychological predictors of driving errors in older
adults. J Am Geriatr Soc. 2010;58:1090–1096.

5. Centers for Disease Control and Prevention. Injury Preven-

tion & Control: Motor Vehicle Safety. Updated March 14,
2011. Available at: http://www.cdc.gov/Motorvehiclesafety/

IOVS, January 2013, Vol. 54, No. 1 MVC Rates in Drivers 70 Years and Older 781



Older_Adult_Drivers/adult-drivers_factsheet.html. Accessed
October 25, 2012.

6. Evans L. Risk of fatality from physical trauma versus sex and
age. J Trauma. 1988;28:368–378.

7. Barancik JI, Chatterjee BF, Greene-Cadden YC, Michenzi EM.
Motor vehicle trauma in northeastern Ohio. I. Incidence and
outcome by age, sex, road-use category. Am J Epidemiol.
1986;74:473–478.

8. National Highway Traffic Safety Administration. Older Driver

Program, Five-Year Strategic Plan, 2012–2017. Report

Number DOT HS 811 432. Washington DC: US Department
of Transportation; 2010.

9. Yassuda MS, Wilson JJ, von Mering O. Driving cessation: the
perspective of senior drivers. Educ Gerontol. 1997;23:525–
538.

10. Marottoli RA, de Leon CFM, Glass TA, et al. Driving cessation
and increased depressive symptoms: prospective evidence
from the New Haven EPESE. J Am Geriatr Soc. 1997;45:202–
206.

11. Fonda SJ, Wallace RB, Herzog AR. Changes in driving patterns
and worsening depressive symptoms among older adults. J

Gerontol B Psychol Sci Soc Sci. 2001;56B:S343–S351.

12. Ragland DR, Satariano WA, MacLeod KE. Driving cessation and
increased depressive symptoms. J Gerontol A Biol Sci Med Sci.
2005:399–403.

13. Freeman EE, Gange SJ, Munoz B, West SK. Driving status and
risk of entry into long-term care in adults. Am J Public Health.
2006;96:1254–1259.

14. Edwards J, Lunsman M, Perkins M, Rebok G, Roth D. Driving
cessation and health trajectories in older adults. J Gerontol A

Biol Sci Med Sci. 2009;64:1290–1295.

15. Edwards J, Perkins M, Ross L, Reynolds S. Driving status and
three-year mortality among community-dwelling older adults. J

Gerontol A Biol Sci Med Sci. 2009;64A:300–305.

16. Owsley C, McGwin G Jr. Vision and driving. Vision Res. 2010;
50:2348–2361.

17. Owsley C, Ball K, Sloane ME, Roenker DL, Bruni JR. Visual/
cognitive correlates of vehicle accidents in older drivers.
Psychol Aging. 1991;6:403–415.

18. Ball K, Owsley C, Sloane ME, Roenker DL, Bruni JR. Visual
attention problems as a predictor of vehicle crashes in older
drivers. Invest Ophthalmol Vis Sci. 1993;34:3110–3123.

19. Owsley C, Ball K, McGwin G Jr, et al. Visual processing
impairment and risk of motor vehicle crash among older
adults. JAMA. 1998;279:1083–1088.

20. Ball K, Roenker D, Wadley V, et al. Can high-risk older drivers
be identified through performance-based measures in a
department of motor vehicles setting? J Am Geriatr Soc.
2006;54:77–84.

21. Rubin GS, Ng ES, Bandeen-Roche K, Keyl PM, Freeman EE,
West SK. A prospective, population-based study of the role of
visual impairment in motor vehicle crashes among older
drivers: the SEE study. Invest Ophthalmol Vis Sci. 2007;48:
1483–1491.

22. Cross JM, McGwin G Jr, Rubin GS, et al. Visual and medical risk
factors for motor vehicle collision involvement among older
drivers. Br J Ophthalmol. 2009;93:400–404.

23. Goode KT, Ball KK, Sloane M, et al. Useful field of view and
other neurocognitive indicators of crash risk in older adults.
Clin Psychol Med Settings. 1998;5:425–440.

24. Betz ME, Fisher J. The Trail-Making Test B and driver screening
in the emergency department. Traffic Inj Prev. 2009;10:415–
420.

25. Emerson JL, Johnson AM, Dawson JD, Uc E, Anderson SW,
Rizzo M. Predictors of driving outcomes in advancing age.
Psychol Aging. 2012;27:550–559.

26. Oswanski MF, Sharma OP, Raj SS, et al. Evaluation of two
assessment tools in predicting driving ability of senior drivers.
Am J Phys Med Rehabil. 2007;86:190–199.

27. Tarawneh MS, McCoy PT, Bishu RR, Ballard JL. Factors
associated with driving performance of older drivers. Transp

Res Rec. 1993;1405:64–71.

28. Owsley C, McGwin G Jr, Searcey K. A population-based
examination of the visual and ophthalmological characteristics
of licensed drivers ages 70 years old and over [published
online ahead of print September 14, 2012]. J Gerontol A Biol

Sci Med Sci. doi:10.1093/gerona/gls185.

29. Owsley C, Stalvey B, Wells J, Sloane ME. Older drivers and
cataract: driving habits and crash risk. J Gerontol A Biol Sci

Med Sci. 1999;54A:M203–M211.

30. Edwards JD, Ross LA, Wadley VG, et al. The useful field of view
test: normative data for older adults. Arch Clin Neuropsychol.
2006;21:275–286.

31. Edwards JD, Vance DE, Wadley VG, Cissell GM, Roenker D, Ball
K. The reliability and validity of useful field of view test scores
for older adults. J Clin Exp Neuropsychol. 2005;27:529–543.

32. Retan R. The relation of the trail making test to organic brain
damage. J Consult Psychol. 1955;19:393–394.

33. Salthouse TA. What cognitive abilities are involved in trail-
making performance? Intelligence. 2011;39:222–232.

34. Colarusso RP, Hammill DD. Motor-Free Visual Perception Test.
Los Angeles: Western Psychological Services; 1972.

35. Owsley C, Stalvey BT, Wells J, Sloane ME, McGwin G Jr. Visual
risk factors for crash involvement in older drivers with
cataract. Arch Ophthalmol. 2001;119:881–887.

36. Green KA, McGwin G Jr, Owsley C. Associations between
visual, hearing, and dual sensory impairments and history of
motor vehicle collision involvement by older drivers. J Am

Geriatr Soc. In press.

37. Decina LE, Staplin L. Retrospective evaluation of alternative
vision screening criteria for older and younger drivers. Accid

Anal Prev. 1993;25:267–275.

38. Johansson K, Bronge L, Lundberg C, Persson A, Seideman M,
Viitanen M. Can a physician recognize an older driver with
increased crash risk potential? J Am Geriatr Soc. 1996;44:
1198–1204.

39. Owsley C, Ball K, Keeton DM. Relationship between visual
sensitivity and target localization in older adults. Vision Res.
1995;35:579–587.

40. Pelli DG, Robson JG, Wilkins AJ. The design of a new letter
chart for measuring contrast sensitivity. Clin Vision Sci. 1988;
2:187–199.

41. Elliott DB, Bullimore MA, Bailey IL. Improving the reliability of
the Pelli-Robson contrast sensitivity test. Clin Vision Sci. 1991;
6:471–475.

42. Folstein MF, Folstein SW, McHugh PR. ‘‘Mini-mental state’’: a
practical method for grading the cognitive state of patients for
the clinician. J Psychiatr Res. 1975;12:189–198.

43. Beck RW, Moke PS, Turpin AH, et al. A computerized method
of visual acuity testing: adaptation of the early treatment of
diabetic retinopathy study testing protocol. Am J Ophthalmol.
2003;135:194–205.

44. Sims RV, Owsley C, Allman RM, Ball K, Smoot TM. A
preliminary assessment of the medical and functional factors
associated with vehicle crashes in older adults. J Am Geriatr

Soc. 1998;46:556–561.

45. Sims RV, McGwin G Jr, Allman RM, Ball K, Owsley C.
Exploratory study of incident vehicle crashes among older
drivers. J Gerontol A Biol Sci Med Sci. 2000;55A:M22–M27.

46. Insurance Institute for Highway Safety. Q&A: Older Drivers.
September 2012. http://www.iihs.org/research/qanda/older_
people.html. Accessed October 25, 2012.

782 Friedman et al. IOVS, January 2013, Vol. 54, No. 1


	t01
	t02
	b01
	b02
	b03
	b04
	b05
	b06
	b07
	b08
	b09
	b10
	b11
	b12
	b13
	b14
	b15
	b16
	b17
	b18
	b19
	b20
	b21
	b22
	b23
	b24
	b25
	b26
	b27
	b28
	b29
	b30
	b31
	b32
	b33
	b34
	b35
	b36
	b37
	b38
	b39
	b40
	b41
	b42
	b43
	b44
	b45
	b46

