
Cognitive Functioning Predicts Driver Safety On Road-Tests 1
and 2 Years Later

Nazan Aksan, PhD1, Steven W. Anderson, PhD1, Jeffrey D. Dawson, ScD2, Amy M.
Johnson, MS2, Ergun Y. Uc, MD1,3, and Matthew Rizzo, MD1,4,5

1Division of Neuroergonomics, Department of Neurology, University of Iowa, Iowa City, Iowa
2Department of Biostatistics, University of Iowa, Iowa City, Iowa
3Veterans Affairs Medical Center, University of Iowa, Iowa City, Iowa
4Department of Mechanical and Industrial Engineering, University of Iowa, Iowa City, Iowa
5Public Policy Center, University of Iowa, Iowa City, Iowa

Abstract
BACKGROUND—Our ability to predict aging related declines in driving performance from off-
road assessments have clinical practice and social policy implications.

OBJECTIVES—1) To describe longitudinal changes in mean-level and evaluate rank-order
stability in potential predictors of driving safety (visual sensory, motor, visual attention, and
cognitive functioning) and safety errors during an 18-mile on-road-drive-test among older adults.
2) To evaluate the relative predictive power of earlier visual sensory, motor, visual attention, and
cognitive functioning on future safety errors controlling for earlier driving capacity.

DESIGN—A three-year longitudinal observational study;

SETTING—A large teaching hospital in the Mid-West;

PARTICIPANTS—111 neurologically normal older adults (60 to 89 years at baseline);

MEASUREMENTS—Safety errors based on video review of a standard 18-mile on-road driving
test served as the outcome measure. Comprehensive battery of tests on the predictor side included
visual sensory functioning, motor functioning, cognitive functioning, and a measure of Useful
Field of View.

RESULTS—Longitudinal changes in mean-levels of safety errors and cognitive functioning were
small from year-to-year. Relative rank-order stability between consecutive assessments was
moderate in overall safety errors, it was moderate to strong in visual attention and cognitive
functioning. While prospective bivariate correlations ranged from fair to moderate between safety
errors and predictors, only functioning in the cognitive domain predicted future driver
performance one and two-years later in multivariate analyses.
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CONCLUSION—Normative aging related declines in driver performance as assessed by on-road
tests emerge slowly. The findings clearly demonstrated that even in the presence conservative
controls, such as previous driving ability, age, visual sensory and motor functioning, cognitive
functioning predicted future driving performance on-road one and two-years later.
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INTRODUCTION
Epidemiological studies project large increases in the percentage of drivers over 65 years
old, a cohort at increased risk for fatal crashes due to impairments of cognition, mobility and
frailty.1,2 Prevention of injuries and fatalities may require different types of interventions,
including training programs to improve hazard perception and decision-making.3 Such
prevention and intervention programs that seek to preserve and extend the independence of
elderly safely must be informed by evidence on both changes in performance over time and
how changes with normative aging affect driver performance.4

As discussed in recent reviews, mounting evidence has shown motor, visual sensory
functioning, visual attention, as measured by performance in Useful Field of View (UFOV),
and cognitive functioning to be important to a variety of driving safety outcomes.5,6 While
self-reported crash history is considered unreliable in the US,5,7 the relationship between
two key measures of driver performance, state-recorded crash statistics and on-road-driving
tests, remains unclear.8,9 At-fault crash statistics may tap failure to meet challenging traffic
situations better than safety errors made during standard on-road tests. Conversely, safety
errors committed during on-road tests may be more sensitive to early declines in driver
performance better, before those declines are reflected in state-recorded crash statistics.

Much of what is known about relative importance of domains of functioning to older driver
safety comes from studies using crash statistics as the outcome variable.10–14 Because
crashes are relatively infrequent events, majority of studies have relied on retrospective
designs with prospective studies only emerging recently.4,11,12,15 Findings have shown that
functioning in visual sensory, motor, and cognitive domains, e.g. MOMSEE, have fair to
moderate effects on driver safety on a bivariate basis. In multivariate models, broad
measures of cognitive functioning and UFOV performance continue to add significantly to
crash prediction.11–13 Unlike broad measures of cognitive functioning, UFOV has shown
high specificity and sensitivity in distinguishing drivers with and without a crash history in a
retrospective framework.11 Further, patterns of covariation have been interpreted to indicate
that UFOV reductions are the final common pathway to increased crash frequency, such that
the direct effect of broad cognitive functioning on crash frequency is smaller than its indirect
effect.

On-road driving tests have repeatedly distinguished between safety of elderly control drivers
and drivers with neurodegenerative conditions such as Parkinson’s, 16,17 and Alzheimer’s
disease.7,18 On-road safety errors have also distinguished middle-aged from older drivers
without neurologic disease, and broad measures of cognitive functioning have predicted
elevations in safety errors after controlling for age.19 While UFOV performance has also
been useful in predicting safety error differences between controls and those with PD17 and
AD,18 UFOV did not significantly predict concurrent safety errors in a normative sample.19

Evidence to date shows that it is unlikely any single test of functioning will be sensitive or
specific enough to identify unsafe drivers during off-road assessments. On-road assessments
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will have to be combined with off-road assessments to identify unsafe drivers before unsafe
behaviors lead to injury or crashes. Hence, it is critical to build a body of evidence on
predictors of safety risk potential as measured by on-road tests.

The overarching goal of this study was to fill the gap in our understanding of driver safety in
on-road tests in the context of a three-year prospective longitudinal design among older
adults without neurodegenerative disease. Our first goal was to describe the changes in
central tendency and evaluate rank-order stability on both the predictor (visual sensory,
motor, visual attention, and cognitive functioning) and the outcome side (safety errors
during on-road drive test). Our second goal was to evaluate relative predictive power of
visual sensory, motor, visual attention, and cognitive functioning prospectively on both a
bivariate and a multivariate basis on changes in driver safety as measured by on-road tests.

METHODS
Participants

111 participants between 60 and 89 years of age were recruited from the general community
in a small Midwestern city through announcements in local newspapers, churches, senior
centers, living facilities, and among visitors at the medical complex (e.g., family members or
friends of patients). All participants held a valid state driver’s license and were still driving.
Drivers diagnosed with neurological and medical disorders, including brain tumor, stroke,
traumatic brain injury, epilepsy, depression, dementia, sleep disorders, vestibular disorders,
and alcohol or substance abuse were excluded, as were drivers taking prescription
medications that may affect cognition including stimulants, antihistamines, narcotics,
anxiolytics, anticonvulsants, and neuroleptics. Individuals were excluded if they had
corrected visual acuity < 20/50. Participants were paid $75. Table 1 presents the
demographics.

Procedure
At each assessment, participants took a battery of neurological tests that included motor,
visual sensory, and neuropsychological functioning as in our previous work.6,19 On a
separate day at each assessment, the participants took an 18-mile on-road-driving test around
Iowa City in an instrumented vehicle. The test included both urban and rural segments and
was conducted on days when weather did not lead to poor visibility or poor road conditions.
The test began after a brief acclimation period to the vehicle and a trained experimenter sat
in the front passenger seat to give instructions and operate the dual controls, if needed. The
vehicle, ARGOS (Automobile for Research in Ergonomics and Safety), is a midsized car
with an automatic transmission and records electronic data at 10hz (e.g. steering wheel
position, vehicle speed etc). Two miniature lipstick-size cameras each captured driver
behavior and anterior environment.

Measures
The same battery of tests on the predictor and outcome side were administered at each
assessment. The ranges from each of the tests are provided below.

Motor Functioning—Functional Reach: balance (positive distance measured in inches).20

Get up and Go: short-range mobility (time to completion in seconds)20 Grooved Pegboard:
fine motor dexterity (time to completion in seconds).21

Visual Sensory Functioning—Pelli-Robson Chart: contrast sensitivity. 22 Early
Treatment Diabetic Retinopathy Study chart: far visual acuity expressed as logarithm of
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minimum angle resolution (high scores are worse) 23 Snellen chart: near visual acuity (high
scores are worse). 23

Cognitive functioning—Judgment of Line Orientation: Visuospatial perception 24 Block
Design, 25 and Complex Figure Test-Copy (CFT-Copy)26 were administered. To tap
memory, Controlled Oral Word Association (COWA) using letters C, F, and L (number of
appropriate words verbalized),27 Rey Auditory Verbal Learning Test (AVLT), anterograde
verbal memory after a 30-minute delay,26 Complex Figure Test-Recall (CFT-Recall) after a
30-minute delay,26 and Benton Visual Retention Test28 (BVRT) number of errors were
administered. To tap visuomotor speed and executive functioning respectively, Trail Making
Test Part A (TMT-A) and Part B (TMT-B) (time to completion measured in seconds in both
tests) 21 were administered. Difference in time to complete TMT-A and TMT-B was used in
analyses.

Visual Attention—PC-touch screen version of the UFOV test was used. 29 The subtests
measuring processing speed, divided attention, and selective attention represent the
threshold in milliseconds at which the individual correctly responds to 75% of the trials. The
sum of four subtest scores was used.

Safety Errors—The same certified driving expert, a different person from those who
conducted the road-tests, reviewed videos to scored frequency of safety errors in various
categories according to the standards of Iowa Department of Transportation (September 7,
2005 version) at each assessment.17–19 The taxonomy of 76 errors types (e.g., incomplete
stop, straddles lane line) were organized into 15 categories (e.g., stop signs, lane
observance). 30 of those errors were classified as serious (e.g. entering an intersection on a
red light, failure to observe one way, no passing signs, straddling the center line while taking
curves) and the remaining errors were considered non-serious. Serious errors are errors that
would give rise to either accidents or disruptions in traffic flow had the circumstances been
different. The total number of safety errors and the number of more-serious safety errors
were tabulated. The driving instructor’s intra-rater reliability was .95 and inter-rater
reliability against another certified driving instructor on a random subsample of 30 drives
was .73.

Statistical Analysis
After examining missing data patterns across three-years of data collection, we conducted
univariate tests to ascertain the basic pattern of changes and stability on both the predictor
and the outcome side. Tests of mean differences from baseline to year-1 and from baseline
to year-2, and stability in relative rank-order between consecutive assessments were
conducted at the level of individual tests tapping functioning in visual sensory, motor, visual
attention, and cognitive domains. Parallel tests were conducted for both specific and overall
safety errors on the outcome side. For multivariate analyses, composite scores summarizing
functioning in visual sensory, motor, and cognitive domains were formed to reduce the
number of predictors. Visual sensory functioning composite pooled acuity (both near and
far) and contrast sensitivity measures, motor functioning composite pooled balance
(functional reach), fine, and gross-motor speed (grooved peg board and get-up-and-go),
cognitive functioning composite pooled all tests in the cognitive battery. High scores on all
composites indicated better functioning. Those composite scores were used as predictors in
multiple regressions to gauge the prospective added value of functioning in each domain to
future changes in safety errors.
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RESULTS
Missing Data

Of the total 111 participants at baseline assessments, 96 returned for year-1 (attrition rate of
15%) and 78 returned for year-2 assessments (attrition rate of 30%). Mean scores at baseline
of participants who did and did not return for year-2 assessments were compared with
independent sample t-tests. The two groups of participants did not differ on any of the 34
tests. Hence, it is not likely that inferences from substantive analyses are biased due to
systematic participant characteristics at baseline.

Describing Change & Stability
Table 2 presents the descriptive statistics for all three assessments and Spearman rank-order
correlations between consecutive assessments for both predictor and outcome measures.
Regarding predictors, mean difference tests indicated significant decrements in motor
functioning, including Functional Reach and Get-up-go tests from baseline to both year-1
and year-2 assessments. While acuity (near and far) showed decrements only from baseline
to year-2, contrast sensitivity showed decrements from baseline to both year-1 and year-2.
Among individual tests in the cognitive battery, performance improved from baseline to
year-1 for CFT-Recall and AVLT-Recall, and performance improved from baseline to
year-2 for Block-design, CFT-Copy and CFT-Recall, AVLT, and COWA tests. In contrast,
performance declined for CFT-Copy from baseline to year-1. Performance improved from
baseline to year-2 for the composite cognitive functioning score and UFOV total loss scores.

Regarding outcomes, 5 out of 11 from baseline to year-1 and 3 out of 11 from baseline to
year-2 showed statistically significant changes in mean level. Errors increased in railroad
crossings and miscellaneous categories from baseline to year-1 and in railroad crossings and
stop sign from baseline to year-2. On the other hand, errors decreased in overtaking, turns,
and traffic signals categories. While decrease in errors across years was not expected, it is
important to note that the significant changes in mean-level were generally small.
Furthermore, errors in rail-road crossing, overtaking categories were rare events, making the
significant changes less meaningful. When those less meaningful comparisons are
disregarded, the number of significant differences for specific errors does not exceed
chance-levels. This interpretation is strengthened when we examine changes in mean levels
for composite safety error measures. Only rare, serious safety errors showed a significant
decline from baseline to year-1, and neither non-serious safety errors nor overall errors
showed significant changes in that time period, and the same was true for differences
between baseline and year-2 assessments on composite error measures. Taken together,
changes in mean level from baseline to year-1 and year-2 assessments indicated generally
similar functioning on both the predictor and outcome side.

Rank-order stability between consecutive assessments was moderate to high for motor
functioning, visual sensory functioning, UFOV, and most individual tests in the cognitive
battery, but weak to at most moderate for safety errors. Together results show that stability
in relative rank-order was moderate to strong in decontextualized, laboratory tests such as
those in standard cognitive functioning batteries while stability in contextualized field tests
such as safety errors was moderate.

Predicting Future Driving
The second goal of the study was to rely on multiple regressions to examine the relative
utility of functioning in visual sensory, motor, visual attention, and cognitive domains for
future driving performance while controlling for earlier driving performance. The relevant
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bivariate correlations among the predictors and the outcomes as well as standardized Beta’s
for significant predictors in the multivariate models are presented in Table 3.

Bivariate correlations of motor functioning with future outcome measures ranged from fair
to moderate, and the corresponding correlations for functioning in visual sensory, visual
attention, and cognitive domains were generally moderate (Table 3). Age and previous
driving ability accounted for 28 to 30% of the variance in overall errors and 7 to 18% of the
variance in serious errors in the first step in all multiple regressions. While visual sensory,
motor functioning, and UFOV performance had shown significant bivariate correlations,
neither remained a significant predictor in multivariate models. In contrast, cognitive
functioning added uniquely to prediction in 5 out of 6 regressions. Although not shown, we
also tested whether age interacted with earlier cognitive functioning to predict future driving
performance. None of the two-way interaction effects between cognitive functioning and
age were significant.

UFOV performance did not add significantly to prediction. The absolute value of the
average intercorrelation among the predictors at baseline assessments was .34 and it was .38
at year-1.. Hence it is possible that the shared variance of UFOV with cognitive functioning
composite favored the latter in the regressions. To test for this possibility, we removed the
composite cognitive functioning score and re-ran the regressions. The results were not
altered such that after controls for earlier driving ability, visual sensory, and motor
functioning, UFOV did not predict future performance.

DISCUSSION
The overarching goal of this study was to improve our understanding of driver safety
through the use of on-road tests and standardized off-road assessments in normal elderly
without neurological disease in a prospective longitudinal design. We found that mean-level
changes during the course of three years in safety errors were generally small, suggesting
that declines in driver safety emerge gradually, confirming what we would expect based on
differences in age groups in concurrent designs. A similar pattern was also true on the
predictor side. While we detected small declines in visual sensory functioning and motor
functioning over the course of three years, there was little change and even minor
improvements consistent with practice effects among visual attention and cognitive
functioning tests. While there was only a moderate degree of stability in relative rank-order
in safety errors, the corresponding stability coefficients were strong for visual attention and
cognitive functioning. Finally, while functioning in visual sensory, motor, visual attention
and broad cognitive functioning showed fair to moderate bivariate correlations with future
safety errors, only broad measures of cognitive functioning continued to predict changes in
safety errors one and two-years later in the multivariate setting.

The bivariate prospective correlations we reported in this study among the predictors and
outcomes were similar to those reported in the literature.5 Our multivariate findings were
also generally consistent with findings from earlier concurrent designs, in that only cognitive
functioning contributed uniquely to driver performance after effects of other factors (e.g.
visual sensory functioning) were controlled. Those findings contribute to the literature in
two important respects. First, the correlations were all prospective and longitudinal in a
normally aging population. Second, characteristics of this sample likely represent the
general population better than studies that focus on differences between diseased groups and
controls or studies that over-sample at-risk drivers. The findings clearly demonstrated that
even in the presence of conservative controls, including previous driving ability, age, visual
sensory and motor functioning, cognitive functioning predicted future changes in driving
performance on-road one and two-years later.
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One limitation is that by year-2 we had 30% participant drop-out. Although there were no
differences among those who stayed in the study versus those who dropped out on the basis
of their baseline characteristics, it is possible that those who dropped out experienced larger
neurological decline between year-1 and year-2.

Given that meta-analytic studies have suggested UFOV has a large effect on various driving
performance measures on a bivariate basis,14 it was surprising that in our bivariate analyses,
UFOV had only fair to moderate associations with future safety, and in the multivariate case
it failed to emerge as a significant predictor of future safety errors. There may be several
reasons for this finding.

High degree of sensitivity and specificity for UFOV has been shown in retrospective designs
in which drivers with excess crashes were purposefully oversampled. Some decline in the
UFOV’s predictive power has been shown in prospective designs12,15. Further, evidence
shows rates of fatal crashes among drivers older than 70 years are higher among states that
require no testing.30 Alabama is one of eight states that require no vision, knowledge or road
tests to renew licenses, whereas the current Iowa sample included only those drivers who
passed vision tests, raising the possibility that the maximal expected effect of UFOV
performance in states such as Iowa is smaller.

A substantively more interesting possibility, however, has to do with what is captured by
crash statistics versus safety errors during on-road tests in terms of driver performance. We
suggested that crash statistics may tap failure to meet challenging traffic situations
adequately whereas safety errors during on-road tests may tap early appearing declines in
driving performance before those declines are reflected in state-recorded safety statistics.
Others have noted an iceberg analogy in describing the relationship between driver behavior
and safety errors. 9, 31 In this analogy, tip of the iceberg events are those rare errors that lead
to crashes whereas below-the-waterline events are more common events that produce near-
missès, driver induced disruptions in traffic flow, and citations. Serious errors we counted
during the drive, which were rare (6 percent of total safety errors), are more similar to
below-the-water-line events. Despite their rarity these errors would have given rise to near-
crashes or crashes had the circumstances been different at the time they occurred. But more
common non-serious safety errors, such as lane observance, lane change, and speed control,
tap ability to control the vehicle. These more common, non-serious errors may be the first
emerging declines in driver performance with aging. Hence, safety errors on road tests may
reflect a driver’s safety risk potential rather than materialized risk such as at-fault crashes. In
fact, in a recent study where we studied drivers with Parkinson’s disease,32 we found that
overall safety errors on-road did not predict driving cessation or crashes in multivariate
analyses, but had borderline significance in predicting citations (p=0.058).

Recent studies indicate that the degree of convergence between on-road tests and crash
statistics is fair to moderate at best.33,34 Although crash statistics are often treated as the
“gold standard” in the US of unsafe driving, this is not a uniform view and crashes have
significant limitations in characterizing the safety of older drivers on the road, e.g. failure to
capture accidents without police reports, or when other motorists take adequate defensive
measures to avoid crashes. Evidence-based programs that seek to inform public policy such
as DriveAble suggest that successful policies will combine both on-road and off-road
assessments to identify older drivers that present a safety risk on the road35.

Lack of strong convergence among measures of driver safety, including self-regulation from
diminished exposure to driving cessation (a safe outcome), safety errors during on-road
drive tests, citations and crash statistics, should serve as an impetus for refining empirically
informed models. Given the large individual differences in the pattern of cognitive,
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perceptual and motor declines, specifying the nature and timing of unsafe behaviors and
their associations with domains of functioning will be critical to building conceptual models
and practices that promote older driver safety in a timely manner (e.g. encouraging
curtailment and driving cessation) and inform public policy (e.g. whom to screen, when and
how). Future studies and models will also need to invest in specifying components of off-
road assessments that are most sensitive to earlier emerging declines and those that may be
sensitive to later emerging declines.
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