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Abstract
Objective—This study aimed to quantify and compare performance of middle-aged and older
drivers during a naturalistic distraction paradigm (visual search for roadside targets) and predict
older driver performance given functioning in visual, motor, and cognitive domains.

Background—Distracted driving can imperil healthy adults and may disproportionally affect the
safety of older drivers with visual, motor, and cognitive decline.

Methods—Two hundred and three drivers, 120 healthy older (61 men and 59 women, ages 65
years or greater) and 83 middle-aged drivers (38 men and 45 women, ages 40–64 years),
participated in an on-road test in an instrumented vehicle. Outcome measures included
performance in roadside target identification (traffic signs and restaurants) and concurrent driver
safety. Differences in visual, motor, and cognitive functioning served as predictors.

Results—Older drivers identified fewer landmarks and drove slower but committed more safety
errors than middle-aged drivers. Greater familiarity with local roads benefited performance of
middle-aged but not older drivers. Visual cognition predicted both traffic sign identification and
safety errors while executive function predicted traffic sign identification over and above vision.

Conclusion—Older adults are susceptible to driving safety errors while distracted by common
secondary visual search tasks that are inherent to driving. The findings underscore that age-related
cognitive decline affects older driver management of driving tasks at multiple levels, and can help
inform the design of on-road tests and interventions for older drivers.
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INTRODUCTION
Epidemiological studies project an increase in the percentage of older drivers who are at
greater risk for fatal crashes (Lyman, Ferguson, Braver & Williams, 2002; Evans, 2000).
Empirical models of older driver safety require better understanding of the challenges faced
by older as opposed to middle-aged drivers. Research is needed that considers key
functional domains other than basic vision to predict variability in older driver performance
and identify and model early functional declines that threaten older driver safety and
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mobility in the real world (see Fisher, Rizzo, Caird & Lee, 2011 for a review). We addressed
these issues in the context of naturalistic challenges on the road.

Studies of distracted driving have focused on cell phones, interactions with GPS, and in-
vehicle music systems (e.g., see Ranney, 2008 for a review; Strayer & Drew, 2004; Strayer,
Drew, Johnston, 2003). Secondary tasks inherent to driving can also be distracting. For
example, traffic signs allow drivers to wayfind within legal limits while landmarks such as
restaurants, grocery stores, or other roadside buildings may be destinations or index current
location and turning points (Golledge, 1999). Searching for such roadside targets draws on
perceptual, cognitive, and motor resources and can interfere with driver ability to watch the
road for hazards and vehicle control responses to changing conditions. Such interference can
increase the risk of driver errors (Ho, Scialfa, Caird & Graw, 2001; McPhee, Scialfa,
Dennis, Ho & Caird, 2004). Recent taxonomies of distracted driving include search for
roadside targets as a type of distraction that bears on driver safety (Regan, Hallet & Gordon,
2011). While search for roadside targets is essential for safe navigation, it may lead to
distracted and unsafe driving, particularly in older drivers (Rizzo, 2011; Boer, Cleij, Dawson
& Rizzo, 2011).

The first goal of this study was to examine performance differences in the naturalistic
secondary driving task of searching for roadside targets (landmarks and traffic signs) and
concurrent driving safety in older adults and middle-aged drivers. Greater familiarity with
the roads driven and greater current exposure to driving hazards are factors that can diminish
performance differences between older and middle-aged adults. For example, greater
familiarity with the area should improve landmark and traffic sign identification; greater
current exposure to driving hazards (i.e., greater practice) indexed by miles and days driven
may mitigate the effects of secondary tasks. Slower overall speed is another potential
strategy to compensate for age-related functional decline. It is possible for age to moderate
the effects of those factors on safety relevant performance. For example, it is possible
relative decrements in older adults’ performance is particularly evident when they are
unfamiliar with the area and have diminished current exposure to roadway hazards.
Consequently, we investigated the main effects and two-way interactions of familiarity,
exposure to roadway hazards, and average speed with age on driving performance metrics.

The second goal was to examine the unique predictive power of motor and cognitive
functioning over and above basic vision to performance in naturalistic secondary tasks of
identifying landmarks, traffic signs, and the primary task of concurrent driving safety among
older drivers. Current licensing regulations recognize basic vision as an important functional
domain to driver safety (Levy, Vernick & Howard, 1995), but basic vision tests are
inadequate for distinguishing safe and unsafe older drivers. Recent reviews (Anstey, Wood,
Lord & Walker, 2005) and mounting evidence underscore that cognitive functioning adds
uniquely to older driver performance in on-road tests (e.g., Aksan Anderson, Dawson, Uc,
Johnson & Rizzo, 2012; Anstey & Woods, 2011; Dawson, Uc, Anderson, Johnson & Rizzo,
2010; Wood, Anstey, Kerr, Lacherez & Lord, 2008) and state-recorded crash statistics (Ball,
Owsley, Sloane, Roenker & Bruni, 1993; Ball, Roenker, Wadley, Edwards, Roth, McGwin,
Raleigh, et al., 2006). Empirical models of older driver safety that account for variability in
older driver performance must consider domains of functioning besides basic vision.

Assessment batteries used in research on older driver safety vary considerably in test choice
and functional domains assessed (e.g. Aksan et al., 2012; Sims, McGwin, Allman, Ball, &
Owsley, 2000; Ross, Clay, Edwards, Ball, Wadley & Vance, 2009; Wood et al., 2008).
Basic visual sensory functioning (e.g. acuity, contrast sensitivity) tests and UFOV (Owsley,
Ball, McGwin, Sloane, Roenker, White & Overley, 1998) are pervasive, whereas motor and
cognitive function tests vary widely across studies. For example, some groups rely on
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reaction time tests that require coordination of both motor and cognitive responses to driving
related stimuli (Anstey & Woods, 2011; Wood et al., 2008). Others rely on standardized
neuropsychological tests such as block constructions, copying complex figures, and others
(e.g. Anderson, Aksan, Dawson, Uc, Johnson & Rizzo, 2012 Dawson et al., 2010; Uc,
Rizzo, Johnson, Dastrup, Anderson & Dawson, 2009). Nonuniform test selection across
studies is a barrier to translating evidence based recommendations to clinical practitioners
and driving officials who may not have access, expertise or resources to implement
expensive or specialized tests. A useful and fruitful alternative approach is to characterize
domains of cognitive functioning based on clinical practice (Strauss, Sherman & Spreen
2005; Uc et al., 2009) or factor analytic results (Anderson et al., 2012, Anstey & Wood,
2011) without implying there is any one unique or definitive way to measure functioning in
a specific domain, consistent with our collective empirical understanding to date.

The current study relied on standard neuropsychological tests to tap key aspects of lower
order visual processing, higher order visual cognition, executive function (set shifting and
fluency), and motor function. Performing two simultaneous tasks requires executive control
of attentional allocation. Identifying landmarks and signs is likely to tap lower order visual
processing and higher order visual cognition for rapid parsing of object and events across
the visual fields. Motor functions are critical for primary operation of vehicle controls for
safe braking and lane maintenance. In the multivariate setting we tested whether functioning
in these domains predicted unique variance in the naturalistic secondary driving tasks of
identifying landmarks and traffic signs and concurrent driving safety over and above
functioning in basic vision. As functioning in these domains is correlated, we did not
hypothesize superiority of functioning in one domain over another to performance prediction
in the multivariate setting.

To summarize, the first goal of this study was to examine whether performance in the
naturalistic distraction paradigm of searching for roadside targets such as landmarks and
traffic signs and concurrent driving safety were comparable between normally aging older
adults and middle-aged adults. The second goal was to examine the unique predictive power
of motor and cognitive functioning over and above basic vision to older driver performance.

METHODS AND MATERIALS
Participants

One hundred twenty older drivers (61 men and 59 women, ages 65–89 years) and eighty-
three middle-aged drivers (38 men and 45 women, ages 40–65) were recruited from the local
community through public service announcements and advertisements in newspapers, senior
centers, and churches. All participants were licensed and active drivers. Exclusion criteria
included acute illness or active confounding medical conditions such as vestibular disorders,
sleep disorders, neurologic disease (e.g. brain tumors, stroke, traumatic brain injury,
epilepsy, depression, dementia), major psychiatric disease not in remission, alcoholism or
other forms of drug addiction, and diseases of the optic nerve, retina or ocular media with
corrected visual acuity worse than 20/50. Drivers taking stimulants, antihistamines,
narcotics, anxiolytics, anticonvulsants, or neuroleptics were also excluded. The Institutional
Review Board at the University of Iowa approved this study, and informed consent
procedures adhered to institutional and federal guidelines.

Landmark and Traffic Sign Identification Test
The landmark and traffic sign identification task (LTIT) was conducted in an instrumented
vehicle named ARGOS, a mid-sized Ford Taurus station wagon with an automatic
transmission. The LTIT was part of an (approximately 45-minute) experimental drive
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including multiple road types and challenges (e.g., Dawson et al., 2010), conducted during
daylight and in good weather conditions, with a trained research assistant in the front
passenger seat. The LTIT occurred just after the midpoint of the overall drive. Participants
drove approximately 1.5 miles along a suburban commercial strip with a speed limit ranging
between 30 and 45 miles per hour. Participants were asked to verbally identify each traffic
sign they saw on the right side of the road (16 possible) and each restaurant they saw on
either side of the road (13 possible), and all responses were recorded by the research
assistant.

Experimental performance data, including vehicle speed, acceleration, and steering wheel
position, were recorded using unobtrusively placed sensors digitized at 10 Hz. Mean speed,
lateral and longitudinal acceleration, and steering wheel position was calculated over the
length of the LTIT segment. A four-view video of the drive was recorded and later reviewed
by a certified driving instructor (different person than the research assistant who
administered the drive) according to the standards of Iowa Department of Transportation
(September 7, 2005 version). The scoring generated information on frequency and types of
safety errors the participants committed (Dawson et al., 2009). The taxonomy of 76 errors
types (e.g., incomplete stop, straddles lane line) is organized into 15 categories (e.g., stop
signs, lane observance, lane change, turns, etc.). The frequency of safety errors committed
by each participant during LTIT was tallied for use in the analyses. For total number of
errors per drive, the primary reviewer’s intra-rater correlation was .95, and the inter-rater
correlation was .73.

Off-road testing battery
Information on demographic and driving characteristics, and a battery of visual, motor, and
cognitive tests were collected as potential predictors of LTIT performance. Demographic
measures were age, gender, and years of education. The UAB Driving Habits Questionnaire
(DHQ) assessed self-reported driving habits and exposure, including average number of
days and miles driven per week (Sloane, Ball, Owsley, Roenker & Bruni, 1990). The
participants rated their familiarity with the Iowa City area on a 3-point scale (familiar,
somewhat, or not familiar).

Participants completed all assessments in basic vision, motor and cognitive functioning
using any corrective glasses or lenses normally worn while driving. Measures of motor
function were Get-Up and Go (Alexander, 1994; Mathias, Nayak & Isaacs, 1986; Podsiadlo
& Richardson, 1991), Functional Reach (FR) (Alexander, 1994; Duncan, Weiner, Chandler
& Studenski, 1990), and Grooved Pegboard Test (Pegs) (Heaton, Grant & Matthews, 1991).
Basic vision tests included Near Visual Acuity (NVA) (Ferris, Kassoff, Bresnick & Bailey,
1982), Far Visual Acuity (FVA) (Ferris et al., 1982), and Contrast Sensitivity (CS) (Pelli,
Robson & Wilkins, 1988).

Tests that required visual processing of information were divided into those that placed
lower-order demands (e.g., visual perception) versus those that placed higher-order demands
(e.g., visual cognition). For example, lower-order visual perception was assessed with
Judgment of Line Orientation (JLO) (Strauss et al., 2006), Structure from Motion (SFM)
(Rizzo Nawrot & Zihl, 1995; Rizzo, Reinach, McGehee & Dawson, 1997), and Useful Field
of View (UFOV) (Ball & Owsley, 1993; Edwards, Vance, Wadley, Cissell, Roenker & Ball,
2005). In contrast, higher-order visual cognition, including visuospatial construction and
memory, was assessed with WAIS–III Block Design (Blocks) (Wechsler, 1981), Complex
Figure Test-Copy (CFT-Copy) (Stern, Singer, Duke, Singer, Morey, Daughtrey & Kaplan,
1994), Complex Figure Test-Recall (CFT-Recall) (Stern et al., 1994), and errors from the
Benton Visual Retention Test (BVRT) (Sivan, 1992). All four of those tests require that the
participant parse and reason about elements of complex visual stimuli.
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Executive function refers to the variegated set of higher-order abilities necessary for
planning and organizing or goal-directed behavior. When deficits in planning and organizing
are noted, several neuropsychological tests can be sensitive to those deficits. For example,
set shifting can be assessed with the difference in seconds it takes to complete TMT-B vs.
TMT-A (Reitan & Davison, 1974). Verbal fluency, via the Controlled Oral Word
Association (COWA; Benton & Hamsher, 1978), is also sensitive to deficits of executive
function. COWA involves recalling distinct words that begin with the letters C, F, and S,
and is challenging to those with executive function deficits because it requires the person to
organize concepts in a novel way. Finally, Auditory-Learning Verbal Test-Recall (AVLT-
Recall) (Strauss et al., 2006) was used as a measure of anterograde verbal memory.

To reduce the number of predictors while retaining the ability to test the relative importance
of specific domains of functioning to performance, we formed smaller composite scores that
summarized functioning more specifically in the domains of basic vision, motor function,
and four cognitive domains: visual perception, visual cognition, verbal memory, and
executive function. The composites were formed by standardizing constituent test scores
described above and averaging them after appropriate reversals. High scores represented
better functioning.

Statistical Analyses
Demographic, driving characteristics, and neuropsychological tests (motor, visual, and
cognitive) were considered as predictor variables. Performance in landmark and traffic sign
identification and concurrent driver safety errors were considered as the three outcome
measures.

The first goal of the study was to specify and describe the differences between middle-aged
and older adults on the three outcome measures. Descriptive statistics (means, standard
deviations, etc.) of predictors and outcomes were calculated within each age group, and
between-group comparisons using independent sample t-tests. Factors that could account for
differences between age groups included familiarity with the area, driving habits such as
current exposure (miles and days driven), and vehicle speed. Those factors were examined
in multivariate least square regressions as predictors of the three outcome measures along
with age group.

The second goal of the study was to examine the relative and unique predictive power of
functioning in motor and cognition domains to each of three outcome measures over and
above vision among older drivers. Within older drivers, relationships between predictor
variables and outcomes were assessed with correlations. In explaining variability in the
LTIT performance metrics in the multivariate setting, each regression controlled for
variability in the remaining two LTIT metrics so as to isolate variability in each task
outcome measure. As an additional safeguard, we verified our findings by using
nonparametric tests (e.g., Wilcoxon rank-sum test for group comparisons), and by repeating
regression models with outliers removed as a way to examine the robustness of our
findings.. The inferences were not altered hence we report the results of the parametric tests
with the full data.

RESULTS
The older drivers performed worse on all domains of functioning including basic vision,
motor, and cognition compared to the middle-age drivers. Consistent with pervasive effects
of aging (Dawson et al., 2010; Anderson et al. 2012), differences were significant in all four
cognitive domains. See Table 1 for details.
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On the LTIT, older drivers identified fewer restaurants compared to middle-age drivers, but
showed no significant disadvantage with respect sign identification (Table 2). The older
drivers drove at lower speeds, and had lower average lateral and longitudinal accelerations
but despite those differences favoring safer driving, the older drivers committed more safety
errors. Consistent with the nature of the roadway during LTIT, most safety errors involved
lane changes, lane observance, turns, and turn signals (see Table 3). In addition, older adults
but not younger adults were observed to show speed control errors, and driving slower than
10 miles below the posted speed limit. Table 3 shows the proportion of middle-aged and
older adults making a specific error type at least once during LTIT.

To better understand the factors that differentially explain differences in behavioral
measures of LTIT for middle-aged versus older adults, multivariate least square regressions
were conducted. The first step in each regression controlled for the remaining two
behavioral LTIT task measures to isolate variability in each of the task outcome measures in
addition to age group. In the second step, characteristics including familiarity with the Iowa
City area, exposure (composite of standardized miles driven per week and days of week
driving), and average speed during LTIT were entered, and in the third step, the interactions
of those three driver characteristics with age group were entered with a stepwise entry
algorithm. The last step informs whether driver characteristics explain unique variability in
LTIT behavioral performance measures differentially for middle aged versus older adults.
Table 4 shows the standardized beta’s from the final equation (six forced variables
simultaneously from Steps 1 and 2, plus significant interactions, if any), with footnoted
descriptions of the method of entry for predictor sets.

The findings in Table 4 show that predictors entered in the first step remained significant in
the final equation and are therefore important to isolating variability unique to performance
challenges of identifying restaurants, traffic signs, and driving safety errors. Those
predictors together explained 7 to 12 percent of the variability in the LTIT outcome
measures. The findings also show that familiarity with the Iowa City area uniquely
explained performance in restaurant identification and did so differentially for middle-aged
and older adults. An examination of the point bi-serial correlation indicated that while
familiarity predicted better performance for middle-aged adults (r(81) = −.32, p < .001) it
failed to predict performance for older adults (r(110) = −.08, p = .390). Findings also
showed that greater current exposure to driving hazards, as indexed by the exposure
composite score (miles per week and days driving), predicted higher safety errors during
LTIT for middle-aged adults (r(81) = .22, p < .05) but did not predict safety errors for older
adults (r(110) = −.09, p < .36). Those findings suggest that neither familiarity nor greater
ongoing driving exposure helped improve behavioral performance in LTIT among older
adults. While lower average speed improved restaurant identification, greater slowing of
speed did not differentially benefit older adults versus middle-aged adults.

Within the older drivers only, additional multivariate regressions focused on predicting the
three LTIT outcomes using basic vision, motor, and cognitive functioning. Table 5 shows
the correlational analyses between individual predictors and each of the three outcomes.
Note that out of a total 30 correlations, 17 were significant, with the majority of the
significant findings noted for restaurant and sign identification measures. Table 6 shows the
standardized beta’s from the final equation in multivariate regressions and highlights the
method of entry for predictor sets. The first step in each regression controlled for the
remaining two behavioral LTIT task measures to isolate variability in each of the task
outcome measures in addition to basic vision. In the second step, demographic predictors
(age, education, and gender) along with motor and cognitive functioning composite scores
were entered with a stepwise entry procedure, while forcing the three variables from the first
step.
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The findings show that while functioning in basic vision predicted both restaurant and sign
identification it did not predict safety errors on the road. Men in general performed worse
than women in restaurant and sign identification. Importantly, functioning in visual
cognition predicted unique variability in both sign identification and safety errors over
above basic vision. In addition, functioning in executive function predicted unique
variability in sign identification.

DISCUSSION
Motor vehicles are the most common form of transportation for individuals over 65 years
(Kostyniuk & Shope, 1999) and the safety behavior of these drivers is important to all road
users. We considered the possibility that distraction from naturalistic secondary tasks
inherent to safe driving such as identifying landmarks and traffic signs may be more
challenging for older driver safety than for middle-aged drivers, and asked whether motor
and cognitive functioning could predict performance in both driving safety and secondary
task performance over and above basic vision for older drivers (Duchek, Carr, Hunt, Roe,
Xiong, Shah & Morris, 2003; Fildes, Fitzharris, Charlton & Pronk, 2001; Hills, 1980; Rizzo,
2011; Shinar & Schieber, 1991).

Older drivers performed worse than middle-aged drivers in landmark identification and
concurrent safety errors but were comparable in traffic sign identification. They also drove
at lower speeds and showed lower average lateral and longitudinal accelerations. Even
though those differences would appear to favor safer driving, older drivers still committed
more safety errors. Those findings are similar to a recent study of performance differences in
a closed-road circuit (Chaparro, Wood & Carberry, 2005). In that small sample study of
younger and older adults, findings showed that older drivers identified significantly fewer
signs, hit more road hazards, misjudged more gaps, and increased their time to complete the
course under dual task (visual and auditory) conditions than otherwise. The older
participants also drove slower than the younger, particularly under the visual dual task
condition.

In the real-world setting of the current study, we also found that none of the mean
performance differences between age groups could be accounted for by familiarity or greater
exposure to roadway hazards or average speed during the road segment, as multivariate
models showed that age group remained a significant predictor in the last step of the
regressions. Further, the pattern of interactions of age group with familiarity and exposure
indicated these factors helped explain performance differences within the middle-aged but
not older adults. For example, middle-aged adults who reported being not familiar with the
area identified fewer restaurants compared to middle-aged adults who reported being
familiar or somewhat familiar with the area. Surprisingly, middle-aged adults who reported
greater exposure, indexed by miles and days driven, committed more safety errors than
middle-aged adults with lower levels of exposure. This finding may suggest greater
tolerance for risky driving behavior among middle-aged adults with greater exposure and
functional abilities to compensate for roadway hazards. However, benefits of familiarity or
greater exposure were not evident for older adults. Also, slowing of speed improved
landmark identification for middle-aged and older adults, yet greater slowing of speed for
older adults did not differentially benefit their LTIT performance.

The findings suggest that familiarity and greater exposure to road hazards did not mitigate
performance decrements in older drivers. Of note, the safety errors observed during LTIT
did not primarily involve errors such as rolling stops that are generally not critical to safety.
Instead, common errors included lane observance, lane change, speed control, turns, and
turn signaling. While statistical effect sizes ranged from modest to moderate for
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performance decrements, the practical significance of one more error per mile may appear
small. However, the real-world consequences of those decrements may be important,
depending on context and timing. The LTIT constituted only a 1.5-mile segment and larger
performance differences should be evident on longer drives.

Earlier findings in our study sample of healthy older adults showed that they performed
better and committed fewer safety errors during LTIT compared to drivers with neurological
diseases of the elderly (Uc, Rizzo, Anderson, Shi & Dawson, 2005a, 2005b; Uc, Rizzo,
Anderson, Sparks, Rodnitzky & Dawson, 2006). Together with the finding from the current
report that those healthy adults performed worse than their middle-aged counterparts,
paradigms such as LTIT may be useful components to design of future on-road tests on-road
tests that discriminate between safe and unsafe elderly. The findings also inform clinical
recommendations for mitigating specific trouble spots in real world driving, such as
development of training programs including competent use of GPS devices to support safe
wayfinding by older drivers.

The pattern of predictions of older driver safety and secondary task performance is in broad
agreement with reports that cognitive functioning helps discriminate among older drivers
over and above basic vision tests (e.g., Aksan et al., 2012, Anstey & Wood, 2011; Dawson
et al., 2010; Ball et al., 2006). While the road segment analyzed in the current study was
relatively brief (only 1.5 miles long, lasting 3 to 7 minutes), the naturalistic distraction
paradigm could efficiently probe differences between healthy older adults and their middle-
aged counterparts as well as discriminate between drivers with and without neurological
disease.

In the bivariate setting, both overall cognitive functioning and several specific cognitive
dimensions predicted LTIT performance. Lower order visual processing (e.g. UFOV, JLO)
and executive function predicted all three performance outcomes. Higher-order visual
cognition including visuospatial construction and memory predicted traffic sign
identification and safety. In the multivariate setting, visual cognition predicted performance
in both safety errors and traffic sign identification while executive function emerged as a
predictor of traffic sign identification over and above vision. Motor functioning failed to
predict either in the bivariate or the multivariate setting. This is consistent with observations
in recent reviews that the added contribution of motor functioning to driver safety in
advancing age appears to be the most tenuous or the least consistent across studies (Anstey
et al., 2005).

The current findings point to two challenges that face empirical models of older driver
safety. First we need creative ways of implementing and quantifying performance in specific
driving tasks typically tested in simulator studies, in the real-world. Challenges of vehicle
control and safety such as headway maintenance, lane observance, speed control, lane
changes, gap judgments during distraction, wayfinding, left-turns, and merges must be
quantified and described in comparable frameworks in both platforms. Note that standard
on-road tests in instrumented vehicles may present challenges to drivers that they normally
avoid; naturalistic studies using event recorders that collect key vehicle and video data from
participants’ own cars over several weeks are an increasingly viable alternative (Rizzo,
2011; Thompson, Read, Anderson & Rizzo, 2011). Second, studies are needed that identify
domains of motor and cognitive functioning that are particularly relevant to older driver
safety. The evidence can help clinicians and policy makers develop more fair and accurate
criteria for advising and assisting older drivers. Guidelines would be most useful if they
offer clinicians flexibility in assessing patients using tests available and familiar to them and
if they offer recommendations for driving cessation, curtailment, rehabilitation, and further
testing early in the course of aging declines –– before fatal crashes occur. An example of
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such empirical efforts for specifying domains of cognitive functioning is a recent large
sample study by Anderson et al. (2012), utilizing confirmatory factor analytic methods to
specify relevant domains of cognitive functioning such as memory, speed of processing, and
visuospatial construction. They showed that a subset of tests from each cognitive domain
recovered correlations with driver safety similar in magnitude to the complete battery of
tests. This approach permits clinicians to select from among various widely available
standardized tests to assess driver safety risk.

CONCLUSIONS
Cognitive aging is associated with declines in many of the functions necessary for safely
operating a motor vehicle (Anderson, Rizzo, Shi, Uc & Dawson, 2005; Rizzo, 2011).
Healthy older adults struggled with the naturalistic secondary task of searching for roadside
targets, and committed more concurrent driving safety errors compared to their middle-aged
counterparts. These performances were predicted by age-related cognitive decline, over and
above the effects of vision, and the performance decrements were not offset by familiarity
with the roadway or slower speed. Including naturalistic secondary tasks inherent to driving
as part of on-road tests of older driver safety may increase the precision of on-road tests that
can discriminate among safe and unsafe older drivers.

Acknowledgments
NIH R01 grants AG17177, AG026027, and NS044930

References
Aksan N, Anderson SW, Dawson J, Uc E, Johnson AJ, Rizzo M. Cognitive functioning predicts driver

safety on road-tests one and two-years later. Journal of American Geriatric Society. 2012; 60:99–
105.

Alexander NB. Postural control in older adults. Journal of the American Geriatrics Society. 1994;
42:93–108. [PubMed: 8277123]

Anderson, SW.; Rizzo, M.; Shi, Q.; Uc, EY.; Dawson, JD. Cognitive abilities related to driving
performance in a simulator and crashing on the road. Proceedings of the Third International Driving
Symposium on Human Factors in Driver Assessment, Training and Vehicle Design; Iowa City, IA:
University of Iowa; 2005. p. 286-292.

Anderson S, Aksan N, Dawson JD, Uc EY, Johnson AM, Rizzo M. Neuropsychological assessment of
driving safety risk in older adults with and without neurologic disease. Journal of Clinical and
Experimental Neuropsychology. 2012 Epub ahead of print.

Anstey KJ, Wood J, Lord S, Walker JG. Cognitive, sensory and physical factors enabling driver safety
in older adults. Clinical Psychology Review. 2005; 25:45–65. [PubMed: 15596080]

Anstey KJ, Woods J. Chronological Age and Age-Related Cognitive Deficits Are Associated With an
Increase in Multiple Types of Driving Errors in Late Life. Neurospychology. 2011; 25:613–621.

Ball K, Owsley C. The Useful Field of View Test: A new technique for evaluating age-related declines
in visual function. Journal of the American Optometric Association. 1993; 64:71–79. [PubMed:
8454831]

Ball K, Roenker SL, Wadley VG, Edwards JD, Roth DL, McGwin G Jr, Raleigh R, Joyce JJ, Cissell
GM, Dube T. Can high-risk older drivers be identified through performance-based measures in a
department of motor vehicles setting? Journal of American Geriatric Society. 2006; 54:77–84.

Ball KK, Owsley C, Stalvey B, Roenker DL, Sloane ME, Graves M. Driving avoidance and functional
impairment in older adults. Accident Analysis and Prevention. 1998; 30:313– 322. [PubMed:
9663290]

Ball K, Owsley C, Sloane ME, Roenker DL, Bruni JR. Visual attention problems as a predictor of
vehicle crashes in older drivers. Investigations in Ophthalmology and Visual Sciences. 1993;
34:3110– 3123.

Aksan et al. Page 9

Hum Factors. Author manuscript; available in PMC 2014 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Benton, AL.; Hamsher, K. Multilingual Aphasia Examination. University of Iowa Hospitals; Iowa
City, IA: 1978.

Boer, ER.; Cleij, D.; Dawson, J.; Rizzo, M. Serialization of vehicle control at intersections in older
drivers. Proceedings of Driving Assessment 2011: The Sixth International Driving Symposium on
Human Factors in Driver Assessment, Training and Vehicle Design; Lake Tahoe, California. 2011.

Chaparro A, Wood JM, Carberry T. Effects of age and auditory and visual dual tasks on closed-road
driving performance. Optometry & Vision Science. 2005; 82(8):747–54. [PubMed: 16127341]

Dawson, JD.; Uc, EY.; Anderson, SW.; Dastrup, E.; Johnson, A.; Rizzo, M. Ascertainment of on-road
safety errors based on video review. Proceedings of Driving Assessment 2009: The Third
International Driving Symposium on Human Factors in Driving Assessment, Training and Vehicle
Design; 2009.

Dawson JD, Uc EY, Anderson SW, Johnson AM, Rizzo M. Neuropsychological predictors of driving
errors in older adults. Journal of the American Geriatrics Society. 2010; 58:1090–1096. [PubMed:
20487082]

Duchek JM, Carr DB, Hunt L, Roe CM, Xiong C, Shah K, Morris JC. Longitudinal driving
performance in early-stage dementia of the Alzheimer type. Journal of the American Geriatrics
Society. 2003; 51:1342–1347. [PubMed: 14511152]

Duncan PW, Weiner DK, Chandler J, Studenski S. Functional reach: A new clinical measure of
balance. Journal of Gerontology. 1990; 45:M192–M197. [PubMed: 2229941]

Edwards JD, Vance DE, Wadley VG, Cissell GM, Roenker DL, Ball KK. Reliability and validity of
useful field of view test scores as administered by personal computer. Journal of Clinical and
Experimental Neuropsychology. 2005; 27:529–543. [PubMed: 16019630]

Evans L. Risks older drivers face themselves and threats they pose to other road users. International
Journal of Epidemiology. 2000; 29:315–322. [PubMed: 10817131]

Ferris FL III, Kassoff A, Bresnick GH, Bailey I. New visual acuity charts for clinical research.
American Journal of Ophthalmology. 1982; 94:91–96. [PubMed: 7091289]

Fildes, B.; Fitzharris, M.; Charlton, JL.; Pronk, N. Older driver safety-A challenge for Sweden’s
‘Vision Zero’. Proceedings of the Australian Transport Research Forum; Hobart. 2001.

Fisher, D.; Rizzo, M.; Caird, J.; Lee, J. Handbook of driving simulation for engineering, medicine, and
psychology. Boca Raton, Florida: CRC Press; 2011.

Golledge, RG. Human wayfinding and cognitive maps. In: Golledge, RG., editor. Wayfinding
behaviour: Cognitive mapping and other spatial processes. Baltimore, MD: John Hopkins Press;
1999. p. 5-45.

Heaton, RK.; Grant, I.; Matthews, CG. Comprehensive norms for an expanded Halstead-Reitan
battery: Demographic corrections, research findings, and clinical applications. Odessa, FL:
Psychological Assessment Resources; 1991.

Hills BL. Vision, visibility and driving. Perception. 1980; 9:183–216. [PubMed: 7375327]

Ho G, Scialfa CT, Caird JK, Graw T. Visual search for traffic signs: The effects of clutter, luminance,
and aging. Human Factors: The Journal of the Human Factors and Ergonomics Society. 2001;
43(2):194–207.

Jäncke L, Brunner B, Esslen M. Brain activation during fast driving in a driving simulator: The role of
the lateral prefrontal cortex. Neuroreport. 2008; 19(11):1127–1130. [PubMed: 18596613]

Janssen CP, Brumby DP. Strategic adaptation to performance objectives in a dual-task setting.
Cognitive Science. 2010; 34(8):1548–1560. [PubMed: 21564260]

Kostyniuk, LP.; Shope, JT. Technical Report No UMTRI - 99–45. 1999. Choice of transportation
mode among older drivers and former drivers.

LaPointe LL, Stierwalt JA, Maitland CG. Talking while walking: cognitive loading and injurious falls
in Parkinson’s disease. International Journal of Speech-Language Pathology. 2010; 12(5):455–
459. [PubMed: 20632845]

Levy DT, Vernick JS, Howard KA. Relationship between driver’s license renewal policies and fatal
crashes involving drivers 70 years or older. JAMA. 1995; 274:1026–1030. [PubMed: 7563452]

Lyman S, Ferguson SA, Braver ER, Williams AF. Older driver involvements in police reported
crashes and fatal crashes: Trends and projections. Injury Prevention. 2002; 8:116–120. [PubMed:
12120829]

Aksan et al. Page 10

Hum Factors. Author manuscript; available in PMC 2014 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Mathias S, Nayak USL, Isaacs B. Balance in elderly patients: the “Get-up and Go Test”. Archives of
Physical Medicine and Rehabilitation. 1986; 67:387–389. [PubMed: 3487300]

McPhee LC, Scialfa CT, Dennis WM, Ho G, Caird JK. Age differences in visual search for traffic
signs during a simulated conversation. Human Factors: The Journal of the Human Factors and
Ergonomics Society. 2004; 46(4):674–685.

Owsley C, Ball K, McGwin G Jr, Sloane ME, Roenker DL, White MF, Overley ET. Visual processing
impairment and risk of motor vehicle crash among older adults. Journal of the American Medical
Association. 1998; 279:1083– 1088. [PubMed: 9546567]

Pelli DG, Robson JG, Wilkins A. The design of a new letter chart for measuring contrast sensitivity.
Clinical Vision Science. 1988; 2(3):187–199.

Podsiadlo D, Richardson S. The timed ‘Up and GO’ test: A test of basic functional mobility for frail
elderly persons. Journal of the American Geriatrics Society. 1991; 39:142–148. [PubMed:
1991946]

Ranney, TA. National Highway Traffic Safety Administration: DOT HS 810 787. 2008. Driver
distraction: a review of the current state-of-knowledge.

Regan M, Hallet C, Gordon CP. Driver distraction and driver inattention: Definition, relationship and
taxonomy. Accident Analysis and Prevention. 2011; 43:1771–1781. [PubMed: 21658505]

Reitan, RM.; Davison, LA. Clinical Neuropsychology: Current Status and Applications. Hemisphere;
New York: 1974.

Rizzo M. A 70-year-old man trying to decide if he should continue driving. Journal of the American
Medical Association. 2011; 305:1018–1026. [PubMed: 21364126]

Rizzo M, Nawrot M, Zihl J. Motion and shape perception in cerebral akinetopsia. Brain. 1995;
118:1105–1127. [PubMed: 7496774]

Rizzo M, Reinach S, McGehee D, Dawson J. Simulated car crashes and crash predictors in drivers
with Alzheimer’s disease. Archives of Neurology. 1997; 54:545–553. [PubMed: 9152111]

Ross LA, Clay O, Edwards JD, Ball K, Wadley V, Vance D, et al. Do older drivers at-risk for crashes
modify their driving over time? Journals of Gerontology Series B: Psychological Sciences and
Social Sciences. 2009; 64B:163–170.

Shinar D, Schieber F. Visual requirements for safety and mobility of older drivers. Human Factors.
1991; 33:507–519. [PubMed: 1769671]

Sims RV, McGwin G, Allman RM, Ball KK, Owsley C. Exploratory study of incident vehicle crashes
among older drivers. Journal of Gerontological Society-A: Biological Sciences and Medical
Sciences. 2000; 55:M22–M27.

Sivan, AB. Benton Visual Retention Test. 5. San Antonio, TX: The Psychological Corporation; 1992.

Sloane, ME.; Ball, K.; Owsley, C.; Roenker, DL.; Bruni, JR. The Driving Habits Questionnaire: An
evaluation of the validity of self-reported driving habits. 1990. Unpublished raw data

Stern RA, Singer EA, Duke LM, Singer NG, Morey CE, Daughtrey EW, Kaplan E. The Boston
qualitative scoring system for the Rey-Osterrieth complex figure: Description and interrater
reliability. The Clinical Neuropsychologist. 1994; 8:309–322.

Strauss, E.; Sherman, EMS.; Spreen, O. A compendium of neuropsychological tests: Administration,
norms, and commentary. 3. New York, NY: Oxford University Press; 2006.

Strayer DL, Drew FA. Profiles in driver distraction: effects of cell phone conversation on younger and
older drivers. Human Factors. 2004; 46:640–649. [PubMed: 15709326]

Strayer DL, Drew FA, Johnston WA. Cell Phone-Induced Failures of Visual Attention During
Simulated Driving. Journal of Experimental Psychology: Applied. 2003; 9:23–32. [PubMed:
12710835]

Thompson, K.; Read, K.; Anderson, S.; Rizzo, M. Systematic analysis of real-world driving behavior
following focal brain lesions. Proceedings of Driving Assessment 2011: The Sixth International
Driving Symposium on Human Factors in Driver Assessment, Training and Vehicle Design.; Lake
Tahoe, California. 2011.

Uc, EY.; Rizzo, M.; Anderson, SW.; Shi, Q.; Dawson, JD. Transportation Research Record: Journal of
the Transportation Research Board, No. 1922. Transportation Research Board of the National
Academies; Washington, D.C: 2005a. Driver identification of landmarks and traffic signs after a
stroke; p. 9-14.

Aksan et al. Page 11

Hum Factors. Author manuscript; available in PMC 2014 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Uc EY, Rizzo M, Anderson SW, Shi Q, Dawson JD. Driver landmark and traffic sign identification in
early Alzheimer’s disease. Journal of Neurology, Neurosurgery, & Psychiatry. 2005b; 76:764–
768.

Uc EY, Rizzo M, Anderson SW, Sparks JD, Rodnitzky RL, Dawson JD. Impaired visual search in
drivers with Parkinson’s disease. Annals of Neurology. 2006; 60:407–413. [PubMed: 16969860]

Uc EY, Rizzo M, Johnson AM, Dastrup E, Anderson SW, Dawson JD. Road safety in drivers with
Parkinson disease. Neurology. 2009; 73:2112–2119. [PubMed: 20018639]

Wechsler, D. WAIS-R Manual. New York, NY: Psychological Corporation; 1981.

Wood JM, Anstey KJ, Kerr GK, Lacherez PF, Lord S. A multidomain approach for predicting older
driver safety under in-traffic road conditions. Journal of the American Geriatrics Society. 2008;
56:986–993. [PubMed: 18422946]

Biographies
Nazan Aksan, PhD (Psychology, 2001, University of Wisconsin-Madison)

Jeffrey Dawson, ScD (Biostatistics, 1991, Harvard University)

Jamie Emerson, BA (Psychology, 2008, DePauw University)

Lixi, Yu, M.S. (Statistics, 2012, University of Iowa)

Ergun Uc, MD (Medicine, 1988, University of Istanbul)

Steven Anderson, PhD (Clinical Psychology, 1987, University of Iowa)

Matthew Rizzo, MD (Medicine, 1979; Johns Hopkins University School of Medicine)

Aksan et al. Page 12

Hum Factors. Author manuscript; available in PMC 2014 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



List of key points in bullet form

• 120 older and 83 middle-aged drivers participated in an on-road test to examine
performance differences during a naturalistic distraction paradigm of searching
for roadside targets while driving through a commercial strip.

• Older drivers identified fewer landmarks, drove slower and committed more
safety errors compared to middle aged drivers.

• Greater familiarity benefited middle-aged but not older adults’ performance.

• Cognitive functioning particularly executive function and visual cognition
predicted driver performance over and above vision among healthy older adults.

• Results have implications for design of on-road tests for older drivers and
support cognitive testing.

Aksan et al. Page 13

Hum Factors. Author manuscript; available in PMC 2014 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Aksan et al. Page 14

Ta
bl

e 
1

C
om

pa
ri

so
ns

 o
f 

Pr
ed

ic
to

r 
V

ar
ia

bl
es

 b
et

w
ee

n 
M

id
dl

e-
A

ge
 a

nd
 O

ld
er

 D
ri

ve
rs

M
id

dl
e-

A
ge

 D
ri

ve
rs

O
ld

er
 D

ri
ve

rs
P

-v
al

ue
C

oh
en

’s
 d

P
re

di
ct

or
 v

ar
ia

bl
e

N
M

ea
n 

± 
SD

N
M

ea
n 

± 
SD

D
em

og
ra

ph
ic

s

 
A

ge
83

57
.2

8 
±

 6
.7

0
12

0
72

.5
2 

±
 5

.1
3

<
0.

00
1

.6
26

 
E

du
ca

tio
n 

(y
ea

rs
)

83
15

.6
3 

±
 2

.3
1

12
0

15
.7

5 
±

 2
.7

2
0.

61
3

.0
63

D
ri

vi
ng

 c
ha

ra
ct

er
is

tic
s

 
M

ile
s 

pe
r 

w
ee

k
83

13
1.

82
 ±

 1
16

.4
2

12
0

14
3.

26
 ±

 1
75

.2
6

0.
74

2
.0

63

 
D

ay
s 

pe
r 

w
ee

k
83

6.
08

 ±
 1

.3
5

12
0

6.
01

 ±
 1

.4
1

0.
72

5
.0

63

 
Fa

m
ili

ar
ity

 (
ye

s 
an

d 
so

m
ew

ha
t)

82
87

.8
0%

11
0

73
.6

4%
0.

01
8

.1
74

a

B
as

ic
 v

is
io

n
83

.3
5 

±
 .5

9
12

0
−

.2
5 

±
 .7

9
<

0.
00

1
.8

26

M
ot

or
83

.3
6 

±
 .5

3
12

0
−

.2
7 

±
 .7

8
<

0.
00

1
.9

02

V
is

ua
l p

er
ce

pt
io

n
83

.2
8 

±
 .6

0
12

0
−

.1
9 

±
 .6

3
<

0.
00

1
.7

70

V
is

ua
l c

og
ni

tio
n

83
.2

0 
±

 .7
0

12
0

−
.1

4 
±

 .6
9

0.
00

2
.4

83

V
er

ba
l M

em
or

y:
 A

V
L

T
- 

R
ec

al
l

83
11

.2
8 

±
 2

.8
7

12
0

9.
49

 ±
 3

.2
1

<
0.

00
1

.5
74

E
xe

cu
tiv

e 
fu

nc
tio

n
83

.2
5 

±
 .7

3
12

0
−

.1
7 

±
 .8

4
<

0.
00

1
.5

19

O
ve

ra
ll 

co
gn

iti
on

 (
C

O
G

ST
A

T
)

83
42

9.
12

 ±
 4

0.
87

12
0

39
6.

27
 ±

 4
3.

66
<

0.
00

1
.7

63

a T
he

 m
ea

su
re

 o
f 

ef
fe

ct
 s

iz
e 

is
 P

hi
 f

ro
m

 th
e 

2×
2 

ch
i-

sq
ua

re
 ta

bl
e 

of
 f

am
ili

ar
ity

 b
y 

ag
e 

gr
ou

p.

Hum Factors. Author manuscript; available in PMC 2014 August 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Aksan et al. Page 15

Ta
bl

e 
2

C
om

pa
ri

so
n 

of
 L

T
IT

 P
er

fo
rm

an
ce

 b
et

w
ee

n 
M

id
dl

e-
A

ge
 a

nd
 O

ld
er

 D
ri

ve
rs

M
id

dl
e-

A
ge

 D
ri

ve
rs

O
ld

er
 D

ri
ve

rs
C

oh
en

’s
 d

N
M

ea
n 

± 
SD

N
M

ea
n 

± 
SD

P
-v

al
ue

B
eh

av
io

ra
l M

ea
su

re
s

 
R

es
ta

ur
an

ts
 id

en
tif

ie
d

83
6.

43
 ±

 1
.9

4
11

8
5.

58
 ±

 2
.0

5
0.

00
2

.4
24

 
T

ra
ff

ic
 s

ig
ns

 id
en

tif
ie

d
83

10
.8

9 
±

 2
.3

8
11

8
10

.4
8 

±
 2

.8
5

0.
39

7
.1

55

 
T

ot
al

 S
af

et
y 

E
rr

or
s

80
1.

74
 ±

 1
.2

2
11

1
2.

69
 ±

 1
.7

4
<

0.
00

1
.6

10

E
le

ct
ro

ni
c 

M
ea

su
re

s

 
A

ve
ra

ge
 m

ile
s 

pe
r 

ho
ur

82
23

.8
1 

±
 3

.2
9

11
7

22
.3

6 
±

 3
.6

7
0.

00
5

.4
08

 
L

at
er

al
 a

cc
el

er
at

io
n

80
0.

02
2 

±
 0

.0
22

11
8

0.
01

5 
±

 0
.0

18
0.

01
0

.3
70

 
L

on
gi

tu
di

na
l a

cc
el

er
at

io
n

80
0.

02
6 

±
 0

.0
17

11
8

0.
02

0 
±

 0
.0

15
0.

00
5

.4
03

 
St

ee
ri

ng
 (

D
eg

re
es

)
80

4.
14

 ±
 1

1.
07

11
8

4.
83

 ±
 8

.5
2

0.
62

4
.0

63

Hum Factors. Author manuscript; available in PMC 2014 August 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Aksan et al. Page 16

Table 3

Proportion of middle-aged and older participants making a specific safety error type at least once during LTIT.

Middle-Age Drivers Older Drivers

Proportion Proportion

Lane Change 82 40.2 119 50.4

Lane Observance 82 15.9 119 36.1

Control of Speed 82 0 119 9

Turns 82 53.7 119 62.2

Turn signal 82 12.2 119 25.2

Note. For brevity, the 10 categories of errors that were not observed during LTIT are not listed. Please see Dawson et al., 2010 for a full list of error
types.
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Table 4

Standardized beta values from the final equation in multivariate least square regressions.

Predictor variable Restaurant Identification Std
Beta

Traffic Sign Identification Std
Beta

LTIT Safety Errors Std
Beta

Step-1: Forced entry

 Age group −.19* −.03 .26**

 Restaurants N/A .18* −.14+

 Traffic Signs .18* N/A −.08

 LTIT safety errors −.12 −.09 N/A

Step-2: Forced entry

Driving characteristics

 Exposure −.05 .10 .23+

 Familiarity −.38** −.03 .06

 LTIT average speed −.17* −.06 −.01

Step 3: Stepwise entry

Exposure X age group ---- ---- −.26*

Familiarity X age group .81* ---- ----

LTIT average speed X age group ---- ---- ----

**
p < .01

*
p < .05

+
p < .10.

Abbrv. ---- indicates the predictor was not selected for entry in the stepwise entry procedure; NA indicates the specified predictor was not
considered in a given regression equation.

Note. The overall regressions were significant, F(7,172) = 4.39 p < .001 for restaurant identification, F(6,173) = 2.18 p < .05 for traffic sign
identification, and F(7,172) = 4.10 p < .001 for safety errors. Adjusted r-square and associated F-change statistics for each step were as follows: for
restaurant identification, step-1 r-square = .07 Fch(3, 176) = 5.75, p < .01, step-2 r-square = .10, Fch(6,173) = 2.74, p < .05, and step-3 r-square = .
12 with Fch(7,172) = 4.25, p < .05; for traffic sign identification step-1 r-square = .04 Fch(3, 176) = 3.41, p < .01, step-2 r-square = .04, Fch(6,173)
< 1, ns; for safety errors during LTIT, step-1 r-square = .10 Fch(3, 176) = 7.65, p < .01, step-2 r-square = .09, Fch(6,173) < 1, ns, and step-3 r-
square = .11 with Fch(7,172) = 4.81, p < .05.
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Table 5

Pearson Correlation Coefficients (and P-Values) of Predictors and Older Driver LTIT Performance

Predictor variable Restaurants Coefficient (p-value) Traffic Signs Coefficient (p-value) Total Safety Errors Coefficient (p-
value)

Demographics:

 Age −.13 (.166) −.20 (.032) .08 (.406)

 Male Gender −.18 (.046) −.19 (.041) −.03 (.795)

 Education .18 (.048) .08 (.385) −.17 (.084)

Functioning:

 Basic vision .27 (.004) .39 (< .001) −.09 (.325)

 Motor −.01 (.912) .07 (.429) −.14 (.141)

 Visual perception .29 (.002) .28 (.002) −.17 (.067)

 Visual cognition .09 (.311) .29 (.001) −.28 (.003)

 AVLT-Recall .25 (.007) .31 (.001) −.02 (.811)

 Executive function .20 (.029) .33 (<.001) −.14 (.155)

 General cognition .24 (.010) .43 (<.001) −.28 (.003)
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