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ABSTRACT

Objectives: Concern for driving safety has prompted research into understanding factors

related to performance. Brake reaction speed (BRS), the speed with which persons react to a

sudden change in driving conditions, is a measure of performance. Our aim is to determine

the visual, cognitive, and physical factors predicting BRS in a population sample of 1425 older

drivers. Methods: The Maryland Department of Motor Vehicles roster of persons aged 67–87

and residing in Salisbury, MD, was used for recruitment of the study population. Procedures

included the following: habitual, binocular visual acuity using ETDRS charts, contrast sensitiv-

ity using a Pelli-Robson chart, visual fields assessed with a 81-point screening Humphrey field

at a single intensity threshold, and a questionnaire to ascertain medical conditions. Cognitive

status was assessed using a standard battery of tests for attention, memory, visuo-spatial,

and scanning. BRS was assessed using a computer-driven device that measured separately

the initial reaction speed (IRS) (from light change to red until removing foot from accelerator)

and physical response speed (PRS) (removing foot from accelerator to full brake depression).

Five trial times were averaged, and time was converted to speed. Results: The median brake

reaction time varied from 384 to 5688 milliseconds. Age, gender, and cognition predicted total

BRS, a non-informative result as there are two distinct parts to the task. Once separated,

decrease in IRS was associated with low scores on cognitive factors and missing points on the

visual field. A decrease in PRS was associated with having three or more physical complaints

related to legs and feet, and poorer vision search. Vision was not related to PRS. Conclusion:

We have demonstrated the importance of segregating the speeds for the two tasks involved

in brake reaction. Only the IRS depends on vision. Persons in good physical condition may

perform poorly on brake reaction tests if their vision or cognition is compromised.

INTRODUCTION

The graying of America is a well described phenomenon,
with those over age 65 constituting the fastest growing segment
of the United States population.1 This aging trend has generated
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considerable concern about the safety of public highways. In
general, crashes are more frequent among older drivers, per mile
driven, compared to most other age groups.2 Moreover, crashes
more often lead to disability or death among older drivers.3

Driving safety becomes of paramount concern because of the
170% increase in number of older drivers over the last 20 years,
the highest among all age groups, and three times greater than the
growth of the total driving population. Much of this increase is
due to the tremendous growth in older female drivers.4 However,
determining the potentially adverse effect on highway safety of
these older drivers is not straightforward, as driving an automo-
bile is a major component of independence and mobility among
older persons. Loss of driving privileges and resultant dependen-
cies are greatly feared and can lead to continued driving even
among those at high risk of crashes.

Thus, research into the age-related changes that may predict
deficits in measures of driving performance is critical to
understanding who is at risk. Brake reaction time, the time
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to respond to sudden changes in the driving environment by
fully depressing a brake pedal, is one measure of driving
performance. Past studies have identified personal risk factors
for poorer brake reaction time, such as alcohol use,5 distractors
such as cell phone use,6−7 and medications causing sedation
such as antihistamines or psychotropic agents.8−10 One small
study of ten drivers, five with visual impairment (VA = 20/100)
and five controls with normal vision matched by age, gender and
driving experience, found that poor visual acuity is associated
with slower brake reaction time.11

Previous research has identified two primary components of
Brake Reaction Time (BRT): Initial Reaction Time (IRT, some-
times referred to as perception-reaction time), and Physical Re-
action Time (PRT, also called brake-movement time). IRT is
the time from when the stimulus first appears to the start of
foot movement off the accelerator; the PRT is the time from
the first physical movement off the accelerator to the depression
of the brake pedal. Research suggests these components may
be influenced by different factors, but they may not be entirely
independent.12 In one study of these two components, increas-
ing age was associated with slower IRT, but not PRT, and male
gender was associated with faster PRT.12

We could find no other studies that evaluated personal fac-
tors associated with these two components simultaneously in
the same population of drivers. We postulated that cognition,
primarily the domains of attention and visual search, and vi-
sion would be related to IRT, while physical problems would
be related to PRT. We evaluated these factors in a population
of 1425 older drivers enrolled in the Salisbury Eye Evaluation
Driving Study (SEEDS) who performed on a brake reaction test
simulator.

METHODS

Sample

The SEEDS participants were recruited from a complete list-
ing of all Maryland Department of Motor Vehicle Administra-
tion (DMVA), licensees age 67 to 87 years as of May 1, 2005,
and those newly age 67 as of March 1, 2006. The licensees had to
be resident in zip codes which encompass the greater Salisbury,
MD metropolitan area. According to legal privacy regulations,
strict recruitment procedures that did not allow us access to the
population for recruitment had to be followed. A letter went out
from the Maryland DMVA Department of Research, explaining
the study and asking the licensee to participate, with willingness
indicated by mailing to the SEEDS clinic an enclosed, stamped,
addressed postcard.

We were allowed to contact only those who returned a “yes”
postcard, and were not allowed further contact with those who
responded “no” or with any non-responder. Second and third
mailings from the DMVA were sent to non-responders; in addi-
tion, we were permitted to recruit at presentations, church meet-
ings, and other gatherings. Of 8380 registered licensees, 4503
(54%) returned postcards. Of that group, 6.0% were no longer
driving, 1.6% were deceased, and 2.3% no longer were living

in the eligible area. Of the remainder, 42% agreed to participate
and 83% of them completed a clinic exam.

Home interview

At the home interview, a questionnaire was administered by
a trained interviewer who collected data on medical conditions
likely to affect driving, such as arthritis, diabetes, Parkinson’s
disease, and stroke. Symptoms such as pain in the feet and legs
and hips also were queried.

Clinic examination

Each participant underwent a series of vision tests that in-
cluded visual acuity, contrast sensitivity, and visual field. Pre-
senting binocular visual acuity was tested, with the participant’s
usual distance vision spectacles, using ETDRS charts and forced
choice protocols. Results were coded as LogMAR acuity. Con-
trast sensitivity was tested for each eye separately using the
Pelli-Robson contrast sensitivity chart. Results were coded as
number of letters seen. The visual field was tested using the
Humphrey Field Analyzer II, Full Field 81 Point test, with a
Quantify-defects test strategy.

Each participant also underwent a series of tests that mea-
sure certain aspects of cognition. We specifically hypothesized
a relationship with the cognitive domains of attention, and psy-
chomotor speed and visual search. The specific tests used were
Brief Test of Attention (BTA), and Trails A, respectively. In
addition, a general test of cognition, the Mini-Mental State Ex-
amination (MMSE), also was used. These tests are part of a
standard battery of tests used by neuropsychologists to elicit
deficits in the domains of interest.

Reaction speed measurements

The Brake Reaction test apparatus was composed of a Pen-
tium 4 computer (Shuttle XPCSB75G2), two flat panel monitors,
a USB Steering Wheel with both brake and gas pedals at equal
heights from the floor, and a custom software application de-
veloped using Labview. A high performance graphics card was
installed into the computer to support two separate monitors si-
multaneously. Thus, the technician could conduct the test and
monitor the data quality on one monitor, while the participant
saw only visual test cues on the second monitor.

The software controlling the test displayed the current status
of the test to the technician as well as a strip chart of the
measured responses from the foot pedals as a function of time.
Displaying the position of the pedals for each of the test se-
quences allowed the technician to observe the data quality and to
take any corrective actions, such as calibration of the foot pedals
or instructing the participant to use only a single foot for the test.

The participant sat before the second monitor and the steer-
ing wheel control and saw only the image of a traffic light. The
test began with the participant fully depressing the gas pedal. At
this point, the traffic light was green and a software countdown
timer began. The duration of the timer was a fixed value (30 sec-
onds) with an additional random variation added (±10 seconds).
The random element had been added to prevent the participant
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from anticipating when the traffic light would change. When the
countdown timer finished, the traffic light switched from green
to red, at which point the participant reacted by releasing the
gas pedal and depressing the brake. The test sequence was com-
pleted when the participant had fully depressed the brake pedal.
Five of these sequences were used for the test; for each person a
mean time was taken as the measure. These sequences typically
followed two practice sequences, which served to familiarize
the participant with the test.

The software recorded the time at which the participant be-
gan to release the gas pedal, when the gas pedal was fully re-
leased, when the brake pedal began to be depressed, and when
the brake pedal was fully depressed for each of the sequences.
All times were relative to the traffic light changing from green to
red. The foot pedal positions were sampled at a rate of 125 Hz
(8 ms sample spacing). We used three measures for analyses:
Initial Reaction Time (IRT) or the time from when the signal
turned red until there were a motor response, Physical Reaction
Time (PRT) or the time from when the foot first started to move
from the accelerator pedal until the brake pedal was depressed
fully, and Brake Reaction Time (BRT), or the total time for the
task. Because the distributions of all the time components in
brake reaction test were skewed, we transformed the time to rate
(1/time).

Data analysis

The means of Break Reaction Rate (BRR), Initial Reaction
Rate (IRR), and Physical Reaction Rate (PRR) were calculated
for the population according to age, gender, race, vision, cog-
nition, and medical conditions. Analysis of variance (ANOVA)
was used to determine differences by characteristic. The cor-
relation between IRR and PRR was calculated by the Pearson
method.13 Multiple linear regression models were used to evalu-
ate the association of demographic, visual, cognitive, and phys-
ical factors with BRR, IRR, and PRR. Age at the time of the
clinical examination was centered at the mean age, 76 years. We
transformed the time taken to perform Trails A to a log scale.
Final models were selected based on the F-test. All the analyses
were performed using SAS software, version 9 (SAS Institute
Inc, Cary, NC). Graphs were plotted in R (http://www.r-project.
org).

RESULTS

For the period from July 13 to October 25, 2005, the data
on the individual segments of the brake reaction test were not
stored properly. The problem was repaired, but data were lost for
385 of our 1425 participants. One person was excluded because
of missing brake reaction test results. The characteristics of the
SEEDS participants who have and do not have BRT data, are
shown in Table 1. The group without BRT data tended to be
white and older, but visual, cognitive, and physical factors do
not differ from the group with BRT data.

Overall, these older drivers tended to have good acuity, con-
trast sensitivity, and visual fields, and good overall cognitive
scores on MMSE. However, there were significant numbers who

Table 1. Characteristics of Salisbury Eye Evaluation Driving Study
participants

With BRT data Without BRT data
Characteristic Demographic N % N %

Age∗: 67–74 458 44.08 107 27.79
75–79 263 25.31 150 38.96
80+ 318 30.61 128 33.25
Female 508 48.89 204 52.99
White∗ 881 84.79 352 91.43

Vision Acuity:
20/20 or better 638 61.41 233 60.52
20/20–20/40 389 37.44 151 39.22
Worse than 20/40 12 1.15 1 0.26

Contrast Sensitivity:
33 letters or better 945 91.04 357 92.73
30–32 letters 69 6.65 22 5.71
29 or fewer letters 24 2.31 6 1.56

Binocular Visual Fields:
no points missed 574 55.51 223 58.84
1–10 missed 404 39.07 139 36.68
11+ missed 56 5.42 17 4.49

Cognition
MMSE <= 24 52 5.01 14 3.64
Trails A: 85 seconds or more 73 7.07 21 5.59
Brief Test of Attention: 3 or
less

139 13.43 46 12.01

Physical Factors
1–2 medical conditions 438 42.20 160 41.56
3+ medical conditions 99 9.54 41 10.65

∗comparing people with BRT to those without BRT, the race and age
are statistically and significantly different, p-value <0.05.

showed evidence of cognitive impairment in the domains we
targeted. Overall, the median of each person’s BRT varied from
384–5688 milliseconds. The distribution of times for each of the
brake reaction components, IRT and PRT, and BRT, in this co-
hort were shown in Figure 1. For 84% of the participants in this
cohort, the total brake reaction time was less than one second,
where one second or greater is considered quite slow. Figure 2
shows the relationship between IRR and PRR. The correlation
between the two is 0.28. Although the relationship is somewhat
linear, some people with high rates of initial reaction have low
rate in physical reaction, and vice versa.

The factors associated with overall BRR and IRR and PRR
consisted of demographic, vision, cognition, and physical
variables (Table 2). As hypothesized, IRR was more closely
associated with vision and cognition, and PRR was more
closely associated with physical factors. Table 3 shows the
linear regression models of factors related to IRR and PRR.
Increasing age and being female were associated with slower
IRR. Missing more points in the visual field, and worse contrast
sensitivity scores also were associated with slower IRR.

An overall poorer score on the Mini-Mental State Examina-
tion and slower IRR were related as well, specifically with a
worse score on the Brief Test of Attention and on Trails A. A
significant association was observed between worse rate for the
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Figure 1. Distribution of reaction times.

IRR and having 3 or more conditions related to pain in the hips,
legs, knees or feet or current treatment for arthritis. 21% of the
variance in IRR was explained by this model. Worse PRR also
was related to older age and being female. Having three or more
medical conditions also was related to PRR, as expected. No
vision variable was related to PRR, but worse scores on Trails
A, the cognitive test of visual search and psychomotor speed,
was related to PRR.

Overall, the factors related to the individual components also
were related to BRR (Table 3). In addition to age and female
sex, increasing numbers of points missed in visual field was
marginally related to slower BRR. Worse scores in the cog-
nitive domains of attention, and especially visual search and

Figure 2. Relationship between initial reaction rate and physical
reaction rate. The dots represent data points, and the line is a
smooth spline.

psychomotor speed, also were related to slower BRR. Three or
more medical conditions were associated with slower BRR.

DISCUSSION

In the Salisbury Eye Evaluation Driving Study, we found
that older drivers with visual, cognitive, or physical deficits
performed more slowly in the brake reaction test. As suggested
by others,13 the two components of the brake reaction test
were only modestly positively correlated with each other, with
a correlation of 0.28 (Figure 2), consistent with a previous
study, in which the correlations ranged from 0.24 to 0.44.13 The
variability in correlations in the previous study was related to the
variable times between the stimulus for braking, with the highest
correlations during the tests with the most variable times. We
also introduced variable times, but found an overall low correla-
tion. Differences could also be due to the greater range of ages,
18–82, in the 72 subjects in the study by Warshawsky-Livne
and Shinar, where younger subjects had overall faster times and
less variability. Our subjects were all older drivers.

Nevertheless, the correlations suggest that initial reaction and
physical reaction may have some common components. Slow
IRR and PRR both were related to increasing age and female
gender. Faster rates among males in Physical Reaction have pre-
viously been reported.13,14 One study found that females were
slower when the brake pedal was at the same level as the gas
pedal14; others have found that the sexes have similar times when
the brake pedals were level.15 Gender differences on initial reac-
tion time in braking have not been found previously.13,15 How-
ever, previous work has not controlled for any gender differences
in cognition and physical complaints that may have masked such
differences. Other studies using other models of reaction times
have reported more variability among women compared to men.

We also found that physical condition, specifically three or
more complaints of pain in feet, hips, legs, or arthritis, was
associated both with PRR and IRR. Because IRR is thought to
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Table 2. Characteristics associated with initial reaction rate (IRR), physical reaction rate (PRR) and brake reaction rate (BRR).

IRR PRR BRR
Characteristic
Demographic N < Mean ∗P-value Mean P-value Mean P-value

Age: 67–74 458 2.98 <0.01 3.09 <0.01 1.45 <0.01
75–79 263 2.74 2.74 1.32
80+ 318 2.65 2.57 1.25

Female 508 2.76 <0.01 2.69 <0.01 1.32 <0.01
Male 531 2.87 2.99 1.39
Non-white 158 2.77 0.24 2.66 0.03 1.29 0.02
White 881 2.82 2.87 1.37
Vision

Acuity: 20/20 or better 638 2.89 <0.01 2.95 <0.01 1.40 <0.01
20/20–20/40 389 2.71 2.66 1.29
Worse than 20/40 12 2.58 2.51 1.24
Contrast sensitivity: 33 letters or better 945 2.84 <0.01 2.88 0.01 1.37 <0.01
30–32 letters 69 2.62 2.59 1.26
29 or fewer letters 24 2.42 2.23 1.06
Binocular visual fields: no points missed 574 2.87 <0.01 2.93 0.01 1.39 <0.01
1–10 404 2.78 2.76 1.33
11+ missed 56 2.57 2.55 1.21

Cognition
MMSE: 25 or more 986 2.84 <0.01 2.86 0.07 1.37 <0.01
24 or less 52 2.35 2.55 1.16
Trails A: < 85 seconds 960 2.85 <0.01 2.88 <0.01 1.37 <0.01
85 seconds or more 73 2.29 2.26 1.10
Brief test of attention: 4 + 896 2.86 <0.01 2.89 <0.01 1.38 <0.01
3 or less 139 2.56 2.59 1.22

Physical Factors
0 medical conditions 501 2.87 <0.01 2.90 0.01 1.39 <0.01
1–2 medical conditions 438 2.80 2.84 1.35
3+ medical conditions 99 2.63 2.51 1.24

∗P-value is given by ANOVA .

Table 3. Multi-variable linear regression models (final models) of initial reaction rate (IRR), physical reaction rate (PRR) and brake reaction rate
(BRR).

Covariate IRR PRR BRR

(Age −76) −0.01 (−0.02, −0.01) −0.03 (−0.05, −0.02) −0.01 (−0.02, −0.01)
Gender

Female −0.15 (−0.21, −0.1) −0.31 (−0.45, −0.17) −0.10 (−0.14, −0.05)
Male 0.00 (Ref) 0.00 (Ref) 0.00 (Ref)

Race
Non-white 0.06 (−0.02, 0.14) −0.17 (−0.37, 0.02) −0.03 (−0.09, 0.03)

White 0.00 (Ref) 0.00 (Ref) 0.00 (Ref)
Vision

Contrast Sensitivity (3 letters) 0.04 (0, 0.08) — 0.00 (−0.03, 0.03)
Binocular Vision Field (10 points) −0.08 (−0.13, −0.03) — −0.04 (−0.08, 0)

Cognition
MMSE>24 0.00 (Ref) — 0.00 (Ref)
MMSE <=24 −0.21 (−0.35, −0.08) — −0.05 (−0.16, 0.05)
Log (paper trail test A) −0.30 (−0.38, −0.22) −0.37 (−0.55, −0.19) −0.15 (−0.21, −0.09)
Brief Test of Attention 0.02 (0.01, 0.04) — 0.01 (0, 0.02)

Physical Factors
0 medical conditions 0.00 (Ref) 0.00 (Ref) 0.00 (Ref)
1–2 medical conditions −0.02 (−0.08, 0.04) 0.00 (−0.15, 0.14) −0.01 (−0.06, 0.03)
3+ medical conditions −0.14 (−0.24, −0.04) −0.28 (−0.53, −0.04) −0.09 (−0.17, −0.01)
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be primarily perceptual, this finding was not expected. However,
the total time of initial reaction ends with a signal that the foot
is moving off the gas pedal, which requires motor activity from
the participant. It is conceivable that participants with pain in the
lower extremities find it harder to initiate movement, and thus
this delay may contribute to slower IRT.

Interestingly, we found that poorer scores on Trails A, a test
of psychomotor speed and visual search, were related to slower
PRR as well as IRR. Because PRR is believed to reflect a pri-
marily motor response time, this finding was not expected. The
relationship may reflect the participant’s unfamiliarity with the
setup of the testing environment, requiring some thought as to
where to move their feet to brake; however, we provided two
test runs before the five actual trials, so some of this “learning”
should have dissipated.

Low scores on the Brief Test of Attention were associated
with slower IRR and PRR. Numerous studies have documented
increasing brake reaction time in general when having to divide
attention between driving performance and distracters. Of spe-
cial interest are studies that have shown that the distraction of
cell phone use while driving decreases the rate of reaction in a
crucial driving situation, and increased the risk of crashes.6,7,16

A test of visual attention (as opposed to our cognitive test of
attention) has been linked to crash risk, providing further sup-
port for the domain of attention as a critical factor in driving
performance.17−20 In our study, we have linked this domain
to poorer performance in both components of brake reaction
test.

Visual loss, as measured by visual fields, was associated with
slower IRR but was not related to PRR. Contrast sensitivity loss
was weakly associated with slower IRR. Being able to see the
stimulus leading to the need to brake is critical; research has
documented poorer brake reaction times among persons with
severe visual acuity loss.11 However, the older drivers in our
study in general had good acuity, and the lack of an associa-
tion between brake reaction time and acuity was expected. Our
stimulus for braking, a traffic light mimic involving a change
from a green light to red light, against a background of light
gray on the computer screen, was of sufficient contrast that no
one complained of having difficulty seeing it. However, other
stimuli that are lower contrast, such as persons in gray clothing
against gray background, may be more difficult to detect, re-
sulting in substantially lower IRR. Others have shown that poor
contrast sensitivity was associated with poorer driving perfor-
mance when using an index of driving performance that included
detecting objects.21

The association of visual field loss and slower IRR time is
a new finding. The association is independent of attention, age,
and gender. Because a visual field test requires a participant to
react to a visual light stimulus by pressing a hand held device
to indicate the point was seen, this test also measures reaction
time to a stimulus as well as actual visual field. For this reason,
we chose the most severe measure, that of missing the point
rather than requiring a higher threshold, to be certain we were
measuring visual loss and not a surrogate for reaction time.

However, it will be important to obtain longitudinal data to
corroborate the association.

There are limitations to our study. First, the SEEDS cohort
was identified from the Maryland Department of Motor Vehicle
Administration and, because of the legal restrictions on recruit-
ment, cannot be considered a population-based study. Rather, it
is a sample cohort of older drivers who will be followed over
time for declines in vision and cognition and impact on driving
performance. These findings cannot be generalized to a popula-
tion of all older drivers, who may have more severe decrements
in vision and cognition than we observed in our cohort, and who
may continue driving even after failure to renew their license.
However, even with our sample of drivers, we observed associ-
ations of poorer performance in brake reaction associated with
cognitive and visual factors. We also experienced loss of data
during a period of time. Because this loss was related to a time
period, and not to a particular subgroup of our population, we
do not believe this loss biased our findings.

Secondly, we recognize that our test of brake reaction time
may not mimic a real car driving experience, where there may
be far more uncertainty about the need to brake. Event uncer-
tainty impacts the brake reaction test, as it increases the IRT.12 In
our testing situations, persons were allowed to practice prior to
testing; although the stimulus time was variable, the participant
was always aware that a brake reaction was expected at some
point. While reactions that “jumped the gun” (response prior to
the light change) were not included, trials where the participant
failed to respond to the stimulus also were not included because
there would have been no segment components. Thus, these tri-
als likely reflect better times for brake reaction than might be
seen under real driving conditions. Nevertheless, we observed a
BRT of greater than 1 second in 16% of our participants.

In the multivariate analysis, we accounted for only a small
component of the variability in the PRR (R-square 0.08). An-
other source of variability may be the relatively imprecise mea-
sure of physical impairments. Medical conditions were self-
reported and reflect pain rather than weakness. Ideally, we would
have combined self-report of pain with measures of frailty by
using a dynamometer.

In summary, our results support both common and unique
factors for the individual components of the brake reaction test.
The cognitive domain of psychomotor speed and visual search
is particularly important for both components; vision appears to
be particularly important for initial reaction. Even small effects
on time as a result of these deficits may have significant con-
sequences for the driver. The following example illustrates this
point: at 55 miles per hour, a car travels 81 feet in a second. As-
suming a person driving at 55 miles per hour takes one second
to complete his initial reaction, he has already traveled 81 feet.
If this person has lost 10 additional points in the visual field, it
will now take him 88 feet to complete his initial reaction, before
he physically responds by braking. Thus, even with adequate
physical function, people with visual or cognitive impairment
will have increased difficulties initially reacting to the braking
stimulus in a timely fashion.
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