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ABSTRACT

A random sample of drivers 64 years old or older who renewed a Maryland drivers license during
fall 1990 or spring 1991 were tested for visual field deficits using automated perimetry and surveyed for
recent crash experience and driving habits; data on police-reported crashes were also obtained. Visual
field deficits increased directly with age and with the driver's knowledge of having a condition that
affected his or her vision, but 45 percent of drivers with high visual deficits and 15 percent with very
high visual field deficits were unaware of any condition that affected their vision. Both the likelihood of
being in a crash and being in multiple crashes increased with visual field deficits generally, and with
deficits in the left eye in particular. No association was found between visual field deficits and crash
type. The length of the testing procedure makes such screening impractical in a Department of Motor

Vehicles setting.



INTRODUCTION

Although vision plays an obviously important role in driving, the only test of vision required for
obtaining or renewing a drivers license in all 50 states is a test for static acuity. This test is inexpensive
and can uncover acuity disorders quickly. However, the association between static visual acuity and
crashes is weak (Decina, Breton, and Staplin, 1991; Shinar and Scheiber, 1991). Most states' procedures
are unlikely to identify license applicants with other visual disorders that may be important for driving,
such as restricted visual fields or poor dynamic visual acuity (Waller, 1988).

The research literature suggests that field of vision relates importantly to crashes. Johnson and
Keltner (1983) and Keltner and Johnson (1980) used automated perimetry equipment to study the
relationship of visual field deficits to crashes. In their 1983 study of 10,000 persons, Johnson and
Keltner found an incidence of 3.0 to 3.5 percent of visual field deficits among those ages 13 to 60 and
much higher rates (13 percent) for those older than age 65. Drivers with deficits in both eyes had police-
reported crash rates per 160,000 km that were more than twice those of age- and sex-matched controls
with normal visual fields. More than half of those with abnormal visual fields were unaware of any
vision problems.

Owsley et al. (1991) tested the useful field of view (UFOV) (i.e., the optical area within which an
individual can identify visual stimuli) of 53 volunteers age 70 and older using a computer simulation.
They found that drivers with restrictions in UFOV or low mental status scores had three to four times
more crashes; those with restrictions in UFOV also had 15 times as many intersection crashes. Visual
function, especially visual field sensitivity, was highly correlated with UFOV. Drivers with poor visual
field sensitivity had approximately twice as many crashes as those with normal visual field sensitivity.

Ball et al. (1993) tested the UFOV of 294 drivers age 55 and over, using a sample stratified by
seven age groups and over-representing persons in muliple crashes. They found that drivers with severe
restrictions in UFOV were six times as likely to have one or more at-fault, police-reported crashes in the
previous five years compared to drivers with minimal or no UFOV restriction. The correlation between
UFOV and crash frequency was high for each of six crash types and for both intersection and non-
intersection crashes.

Szlyk, Severing, and Fishman (1991) used an interactive driving simulator to compare the driving
performance of 31 control subjects with normal visual fields to 21 retinitis pigmentosa patients with

varying degrees of visual field deficits. The retinitis pigmentosa subjects "traveled" farther before
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responding to the presentation of peripheral stimuli on the driving simulator. They also had significantly
more self-reported (but not more police-reported) crashes than the controls.

Lovsund, Hedin, and Tornros (1991), also using a simulator, assessed the ability of drivers to
compensate for visual field defects. They found that only four of the 31 subjects with visual field deficits
were able to detect obstacles in a simulated road scene along the horizontal median of the visual field.

With the exception of Johnson and Keltner's work, these studies did not examine left and right
eye deficits separately, and Johnson and Keltner did not differentiate between monocular left eye and
monocular right eye deficits (Johnson and Keltner,1980; 1983; Keltner and Johnson, 1980). This is
typical of the vision/crash literature despite abundant evidence that there are more crashes involving left-
turning maneuvers than right-turning maneuvers. For example, when Viano et al. (1990) analyzed fatal
side crashes among older drivers where a vehicle was crossing an intersection, they found that 64 percent
of these crashes involved left impacts, 12 percent involved right impacts, and the remainder other
configurations.

Bailey and Sheedy (1988) discuss the possible import of left eye deficits in their review of a
1971 study by Burg, Henderson, and Brazelton (1971), which found that left-eye visual acuity was more
strongly associated with crashes than right-eye visual acuity. Bailey and Sheedy (1988) hypothesize that
"profound deficits of vision in the roadside eye may effectively reduce the roadside visual field for object
detection...resulting from a functional field deficit" (p. 300).

The present study explores whether drivers with visual field deficits have significantly more
crashes than drivers without such deficits and whether deficits in the left eye have different effects on
crashes than similar deficits in the right eye. It was conducted with a population of older drivers in a
department of motor vehicles setting using automated perimitry. People with visual field deficits often
are unaware of this condition, which is in many cases correctable (Johnson and Keltner, 1983; Keltner
and Johnson, 1980; Keltner, 1991). The study was undertaken to determine if deficits relating to
overinvolvement in crashes could be identified through a screening process in a department of motor

vehicles.

METHODS

Maryland requires drivers either to pass a visual acuity test at the licensing office or to present a
certificate of adequate vision from a doctor when applying for or renewing a drivers license. The study
population consisted of all drivers 64 and older who came to the Maryland Department of Motor Vehicle
Administration's (MVA) express office in Towson, Maryland, to renew their drivers licenses between

August 17 and October 30, 1990, and April 17 and September 6, 1991,



MVA staff used date of birth to identify potential study subjects and then recorded license
restrictions and the results of the visual acuity test (whether the applicant passed, failed, or presented a
doctor's certificate) on a standard MVA form. Drivers who failed the acuity test were directed to a
special station set up for visual field testing. Those who passed the test or brought a doctor's certificate
were directed to the office's photo station and then to the visual field testing station before they were
issued the renewed license. If there was more than one person waiting for visual field testing, the
potential subject was not tested. Any refusals and exclusions were noted on the MVA form.

At the testing station, each subject's visual fields were tested with a Fieldmaster 101PR, which is
an automated machine used in ophthalmologists' offices to provide accurate evaluations of visual
function in the periphery (Figure 1). The Fieldmaster automatically presents a series of fixed-location
targets for each eye. In this study, target illumination was set at 1,270 asb, background illumination at
31.5 asb, target exposure duration at 0.8 seconds, and the interval between presentations at 0.9 seconds.

The amount of time needed to complete the test procedure was recorded for 1,124 subjects.

Figure 1
lllustration of Subject Using Fieldmaster 101PR Automated Perimetry Testing Device




Each subject sat in front of an upright concave hemisphere while a series of 99 randomly ordered
targets were illuminated for each eye. Each time a subject saw a target, he or she pressed a button and
this detection was automatically registered on a standardized chart. Missed targets were presented again
and had to be missed twice before being counted. Eighty-four of the possible 99 targets were included in
this analysis; the central blind spot, nasal field blind spot, and borderline blind spots were excluded. A
target was considered missed only if one or more adjacent targets were also missed.

The sum of the number of targets missed by both eyes was used as the primary measure of visual
field deficit. Deficits in the left eye and right eye were also analyzed separately, as were deficits that
occurred in the left side of the left eye and the right side of the right eye within the near periphery (i.e.,
within 40 degrees).

A questionnaire was administered by study staff before the visual field test. Information was
obtained on estimated mileage in the past year, driving patterns, crash history, and conditions that affect
vision: cataracts, glaucoma, macular degeneration, and detached retina. Because self-reported mileage
estimates are likely to have a large error range, they were divided into three broad categories: low
exposure (100-2,500 miles per year); medium exposure (between 2,500 and 10,000 miles); and high
exposure (more than 10,000 miles). Those who reportedly drove fewer than 100 miles were not included
in the study.

Data were collected for two categories of crashes: crashes that had been reported to the police
and recorded on the Maryland Automated Accident Reporting System (MAARS) file for the previous
five years (police-reported crashes), and those reported by the subjects to the interviewers as having
taken place in the previous two years (self-reported crashes). Police-reported crashes in the MAARS
database include only crashes on a public roadway with fatalities or injuries, hit and run crashes, and
crashes where a vehicle was towed. Although self-reports are not considered to be as reliable a source of
crash information as police reports, subjects were asked about crashes during the past two years to
provide data on crashes that would not be included in the MAARS database. Efforts were made by the
interviewers to elicit information about all crashes, including minor, property-damage-only crashes
(fender-benders and parking lot crashes). Crashes listed in the MAARS files were compared with those
reported during the interview and redundant entries were identified and eliminated. Crashes that were
reported by the driver and listed in the MAARS crash file were categorized as police-reported crashes.

Each crash was subsequently categorized as either a single- or multiple-vehicle crash and then
subdivided by type: head-on, sideswipe, and right-angle crashes; crashes involving turning vehicles; and

rear-end crashes.



Chi-square analyses were performed to determine the relationship of visual field deficits,
knowledge of a condition affecting vision, sex, and age on exposure; and to determine the effect of these
factors on crash occurrence (no crashes or any crashes) and number of crashes (no crashes, one crash,

more than one crash).

RESULTS

A total of 3,389 drivers 64 years old and older came to the Towson MVA office to renew a
drivers license during the study period. Of the 3,389 potential subjects, 1,219 drivers participated in the
study, 237 refused, and 1,933 drivers would have had to wait and were not tested. Thus, 84 percent of
those asked to participate agreed to do so. There were no significant differences between drivers who
were and were not tested in age, sex, acuity test results, license restrictions, or police-reported crashes.
The visual testing procedure lasted from 7-26 minutes for the 1,124 tests that had recorded test times,
with a mean of 10.6 minutes (s.d. = 1.9).

Of the 1,219 participants, 1,136 persons (93 percent) completed both the vision test and the
questionnaire. Five persons had not driven in the previous year and were excluded for that reason. The
study population of 1,131 drivers was evenly divided between men (569) and women (562). About two-
thirds were ages 64-74; about one-third were age 75-84; only 2 percent were age 85 or older. The age
distributions of male and female drivers did not differ significantly.

Seventy percent of the study participants took and passed the MVA acuity test; one percent
(seven drivers) failed the test; and 29 percent presented a doctor's certificate instead of taking the test.
Five drivers in the survey were blind in one eye. One of these drivers took the acuity test and passed, and

the other four brought in doctors' certificates attesting that their vision was adequate for licensure.

Visual Field Deficits

Almost all persons tested showed some visual field deficit, with only 8 percent missing no targets
at all. When deficits in both eyes were combined, about one-fourth (26 percent) of the drivers tested
missed fewer than five targets and about one-half (53 percent) missed fewer than 10 targets (low deficit).
One-third of drivers missed 10-19 targets (medium deficit), and 8 percent of drivers missed at least 20-29
targets (high deficit). Five percent had very high deficits: 3 percent missed 30-39 targets and 2 percent
missed at least 40 targets.

Fourteen percent of drivers missed some targets in the central visual field (within 20 degrees of
center) and 65 percent missed targets within the near periphery (within 40 degrees of center). Twenty-

seven percent missed only targets in the outer edges of the visual field (55-80 degrees). Ninety percent



of all drivers missed at least some targets in the outer edges of the visual field. Missed targets occurred
with equal frequency in the left and right eyes.

While only seven drivers failed the MV A acuity test, they were more likely to miss 20 or more
targets (29 percent) than drivers who presented certificates (18 percent), or who passed the test (12
percent) (p<0.01). This same pattern held and was significant for deficits in the central region and in the
near periphery.

Visual field deficits increased directly with age (p<0.01) and with the driver's knowledge of
having a condition that affected his or her vision (blindness in one eye, cataract, glaucoma, macular
degeneration, or detached retina)(p<0.01). About one-fourth (24 percent) of drivers with low visual field
deficits were aware of having at least one of the four major conditions affecting their vision. This
compares to 36 percent of those who missed 10-29 targets, 55 percent of those who missed 30-39 targets,
and 85 percent of those who missed 40 or more targets (p<0.01).

Cataracts were the most common visual condition reported by the respondents (Table 1). Of the
354 drivers who reported a condition, 81 percent had cataracts, 17 percent had glaucoma, 7 percent had
macular degeneration, and 6 percent had a detached retina. Drivers reporting glaucoma were most likely
to have severe visual field deficits: 11 percent missed at least 40 targets compared with about five
percent of drivers with each of the other conditions and one percent of drivers unaware of any condition

affecting their vision.

Table 1
Visual Field Deficits Among Drivers
with Specific Conditions Affecting Vision

Percentage of Drivers and

Number of Targets Missed

Condition Affecting Number of
Vision Drivers 09 10-19 20-29 30-39 40+
None (777) 59 31 8 2 1
Any (354) 40 38 10 5 6
Specific condition

Cataract (287) 40 39 1 5

Glaucoma {61) 34 34 10 10 "

Macular degeneration (25) 56 36 4 0

Detached retina (21) 24 43 14 14 5




Crash Data

A total of 206 drivers (18 percent) were involved in 229 crashes during the period studied. Of
these, 112 drivers were involved in a crash listed in the MAARS crash file and 134 drivers reported a
crash to the interviewer. When duplications between the police- and self-reported crashes were
eliminated, 185 drivers were found to have been involved in one crash, 19 had been in two crashes, and 2
had been in three crashes.

When police-reported crashes were limited to the two years for which self-reported crashes were
counted, the agreement between the two files was 89 percent. Two percent of drivers who did not report
having had a crash in those years had a crash listed in the MAARS file; 9 percent reported a crash that
was not found in the MAARS file.

Visual Field Deficits and Crashes

Crashes were least common among drivers missing fewer than 10 targets (both eyes combined):
15 percent of drivers with no deficits were involved in either a police- or self-reported crash and 16
percent of drivers missing between two and nine targets were involved in either a police- or self-reported
crash. As shown in Table 2, crash involvement increased with visual field deficits. The one exception
to this general increase was among drivers with very high visual field deficits (> 30 targets), who were no
more likely than drivers with low visual field deficits to be involved in a police-reported crash (p>0.05).
However, these drivers were twice as likely as those with low deficits to be involved in self-reported

crashes (23 percent versus 10 percent) (p<0.05).

Table 2
Visual Field Deficits Among Drivers Involved in
Police-Reported and Self-Reported Crashes (Both Eyes Combined)

Percent of Drivers

Number Police- Self-

Targets of Drivers Reported Reported

Missed Tested Crashes Crashes' Either
09 (602) 9 10 . 16
10-19 (376) 1" 1" 19
20-29 (96) 15 16 26
30+ (57) 9 23 26
Number (1,131) (112) (134) (206)

' p<0.05 for self-reported crashes.









Exposure and Age

Exposure based on estimated annual mileage and crashes are strongly related, but field of vision
scores were not related systematically to exposure, i.e., drivers with greater visual field deficits did not
drive less than those with fewer deficits. For all exposure levels drivers with higher levels of visual field
deficits were more likely than those with lower levels to be involved in a crash. This pattern was
generally consistent for each of the three exposure levels (low, 100-2,500 miles; medium, 2,500-10,000
miles; high, >10,00 miles) but was not always statistically significant because of reduced sample size.
For example among drivers with high exposure, 16 percent of drivers missing between 0 and 9 visual
field targets, 15 percent of those missing between 10 and 19 visual field targets, and 29 percent missing
at least 20 visual field targets were involved in a police-reported crash.

There were also no significant differences in crashes among driver ages 64-74, 75-84, and 85 and
older. Even controlling for age, drivers with more severe visual field deficits generally crashed more

than those with less severe deficits. As with exposure, some differences were not significantly different.

Crash Type

Of the 124 police-reported crashes, 37 (30 percent) were single-vehicle crashes, 35 (28 percent)
involved two vehicles traveling straight, 29 (23 percent) were rear-end collisions, and 23 (19 percent)
involved turning vehicles. About two-thirds of the crashes with vehicles traveling straight involved right-
angle crashes at intersections. In 89 percent of the crashes involving turning vehicles, at least one of the
vehicles was making a left turn. The findings were much the same for self-reported crashes, with 94
percent of turning-vehicle crashes involving left turns. There was no significant association between

visual field deficits and crash type.

DISCUSSION

Visual field deficits were associated with crash involvement in this study, confirming the
importance of visual field deficits in crashes established by Johnson and Keltner (1983). However,
where Johnson and Keltner (1983) reported that only drivers with binocular (two eye) deficits were
overly involved in crashes, this study found that monocular (one eye) visual field deficits were also
associated with crashes, with deficits in the left eye more strongly related to crashes than comparable
ones in the right eye. Since Johnson and Keltner did not differentiate between left and right monocular
deficits, the absence of a left-eye effect may simply reflect lack of attention to the possibility. All their

binocular deficits would, by definition, include all left eye deficits.
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Although an association was found for visual field loss in the left eye and police-reported
crashes, no significant association with these losses and left-turning or intersection crashes was found.
This may be due to the lack of information on which of the drivers was turning left during the crash.

Sizable percentages of drivers in this study were unaware of their visual deficits. Drivers who
know they have visual problems can take corrective action or reduce their driving accordingly; drivers
who do not know are less likely to restrict themselves, and so run risks of which they are unaware.
Johnson and Keltner (1983), Rossi, Flint, and Smith (1989), and Decina, Staplin, and Spiegel (1990) had
also found that sizable proportions of the drivers they studied were unaware of deficits.

Although this study was based on a sample of subjects 64 and older to maximize the incidence of
visual field deficits, the finding that visual field deficits are associated with increased crash risk should
apply to drivers of all ages. Drivers younger than the population studied here will have a lower incidence
of visual field deficits than drivers 64 and over (Johnson and Keltner, 1983) but higher exposure (Hu and
Young, 1992).

Practical difficulties have prevented the use of vision measures in the department of motor
vehicles setting that might be more discriminating than simple tests of acuity. The visual field test using
the Fieldmaster automated perimetry device took an average of 10.6 minutes (3.2 seconds per target),
which is twice as long as the amount of time reported by Johnson and Keltner (1983) and Keltner and
Johnson (1980). The practical reality is that the complete test is too long for routine department of motor
vehicles screening. In addition, more states are considering renewal by mail policies that would preclude
vision testing at frequent intervals. In any case, although informing license applicants that they have
significant, unrecognized field of vision deficits might have beneficial effects, the relationship between

such deficits and crashes in and of itself is not strong enough to justify licensing actions.
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