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Background: This study used various tools, including a self-assessment questionnaire, the Clinical
Assessment of Driver-Related Skills (CADReS), and a driving simulation, to discriminate between
older and non-older drivers. Methods: We evaluated driving habits, driving-related health behav-
iors, and morbidities using a self-assessment questionnaire and examined visual, motor, and cog-
nitive functions using the CADReS and a vehicle simulator of four junction scenarios that are
typical of accidents involving older drivers. The areas under the receiver operating characteristic
curves (AUCs) were calculated to compare the age-related discriminating ability of these tools
between older (=65 years) and non-older participants. Results: Thirty of the 40 participants (75%)
were older. Older drivers were slower than non-older drivers according to the rapid walking pace
(8.0 vs. 6.1 seconds), and their cognitive function was poorer based on the trail-making test (117
vs. 51 seconds). While driving on the vehicle simulator, the rate of violating traffic rules was
higher and the maximal velocity was slower in the older group than in the non-older group. The
AUC values for CADReS and driving simulation outcomes ranged from 0.59 to 0.95, while the
rapid walking pace, trail-making test, and velocity of the left turn at an acute junction in the
dark showed high discriminatory power (AUC>0.9). Conclusions: The rapid walking pace and
trail-making test in CADReS, as well as the driving simulation, were useful tools to discriminate

between older and non-older drivers.
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INTRODUCTION

The growth of the aging population has led to an increasing num-
ber of older drivers. Perception in vision and hearing and cognitive
and psychomotor skills are attenuated during aging; hence, older
drivers experience visual impairment, cognitive decrements, re-
duced judgment ability in complex traffic environments, and med-

ical disorders.” Age appears to contribute to increased road colli-

sions as older drivers have a higher fatality rate in vehicle crashes
owing to multiple chronic medical conditions and frailty than
younger drivers.”)

Healthcare providers should advise older drivers to stop driving
or help them continue driving safely using bespoke evaluation
tools to improve the fitness of older drivers.” On-road testing is an
acceptable standard method to assess driving capacity; however, it

is time-consuming and expensive to set up various test courses and
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can be inappropriate for older drivers who may cause dangerous
situations during the test."® Therefore, vehicle simulators are ac-
cepted as adequate tools to test driving capacity with regard to ap-
titude and performance. Driving simulation shows potential for
use in the testing and training of older drivers. Vehicle simulators
are also reportedly a safer and more economical method than on-
road tests for assessing the driving capacity of older drivers.” How-
ever, the validity of vehicle simulators varies with simulator models
and specific driving tasks; moreover, vehicle simulators have not
been validated as a reliable tool for evaluating the driving capacity
of older drivers.”

Available online or office-based simple screening tools are valid
and reliable methods for assessing fitness to drive.” Self-assess-
ment tools for the screening of older drivers at risk of unsafe driv-
ing include testing driver safety, a 15-item self-rating driving ques-
tionnaire, the American Automobile Association (AAA) Drivers
65 Plus, the Driving Decisions Workbook, and the Fitness-to-
Drive Screening Measure.” The Driving Behavior Questionnaire
is also a reliable tool for measuring older drivers’ self-reported ab-
errant driving behaviors.” As a more objective measure, the Clini-
cal Assessment of Driver-Related Skills (CADReS), an of-
fice-based assessment tool, has been widely used to indirectly mea-
sure crash risk in key areas of vision, cognition, and motor/sensory
function. Functional abilities are reportedly more important than
age in screening older drivers at risk.”

Instead of on-road tests, objective and subjective assessment
tools can be used to evaluate driving capacity of older drivers com-
pared with the driving capacity of young drivers. We hypothesized
that the driving capacity of older drivers would be inferior to that
of young drivers. We evaluated the driving capacity, including sen-
sory, motor, and cognitive skills, of older drivers using three differ-
ent assessment tools (self-assessment questionnaire, CADReS,
and vehicle simulator) and screened valid assessment tools by
comparing their results to those of non-older drivers.

MATERIAL AND METHODS

Study Participants

Older drivers (aged 65 years and over) were recruited among visi-
tors at a senior welfare center located in Anyang City, and non-old-
er drivers (aged below 65 years) were recruited among workers at
Yongsan Electronics Market in Seoul, South Korea. The inclusion
criterion was a valid Korean driver’s license. The exclusion criteria
were not driving or having a history of seizure for at least 1 year be-
fore participation. The participants were classified as older or
non-older drivers. This study was conducted at the Mini Driving
Simulation Center in Seoul between November 11, 2019 and 20,

2019.

Development of the Self-assessment Questionnaire

We developed a self-assessment questionnaire to evaluate driving
habits, driving-related health behaviors, and morbidities based on
the Clinician’s Guide to Assessing and Counseling Older Drivers.” The
questionnaire comprises 52 questions: S on demographic charac-
teristics, 22 on driving habits, 5 on health behaviors, and 20 on
chronic medical conditions that may affect driving. The assess-
ment was administered as a personal interview survey performed
directly after the driving simulation test.

CADReS

The present study used the CADReS, developed by the American
Medical Association, as a second-step evaluation.” We assessed vi-
sual acuity and field; evaluated motor function using the rapid
walking pace test and manual tests of motion range; and tested
cognitive function using the maze test, trail-making test part B,
clock-drawing test, and Korean-Montreal Cognitive Assessment
(KMoCA). The assessment was conducted by two transport engi-
neers at the Korea Transportation Safety Authority (KOTSA)
who were trained to conduct interviews and assess driving-related
functions by an emergency medicine specialist based on the Clini-
cian's Guide to Assessing and Counseling Older Drivers.” The survey
required approximately 30 minutes to complete, including an in-

troduction to the purpose and methods of the assessment.

Driving Simulation Setting

The driving simulation was conducted using a compact driving
simulation (CDS; Inno Simulation Co. Ltd, Seoul, Korea) at the
Yongsan Laboratory in the University of Seoul. The CDS compris-
es a steering wheel, pedals (accelerator, brake), gears, seats, and an
instrument panel as parts of the actual vehicle. Three beam projec-
tors are connected to three computers displayed on each screen to
prevent frame drop owing to multiple displays. In addition, three
display panels are attached to the CDS to display the left-side mir-
ror, right-side mirror, and room-mirror screen to make the driving
experience as realistic as possible (Fig. 1).

Virtual driving data were recorded using the vehicle simulator
Log Data, a function provided by UC-win/Road (FORUMS KO-
REA, Anyang, Korea). This function automatically collects driving
time, driving speed, driving distance, acceleration and deceleration
speeds, brake power, revolutions per minute, steering wheel rota-

tion angle, and one-way location.

Development of the Driving Simulation Scenarios

The driving simulation for older and non-older participants was
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Fig. 1. View of the compact driving simulation and visual display.

performed using four junctions as follows: a right turn at an acute
junction, going straight at an acute junction, pedestrian present at
the right turn at a typical junction, and a left turn at an acute junc-
tion in the dark. The four junction scenarios were developed based
on the analysis of accidents involving older drivers at urban junc-
tions obtained from the Traffic Safety Information Management
Complex System by the KOTSA. The simulation scenarios were
developed from actual roads by replicating road geometrics and

traffic control devices located in Jungnang-gu, Seoul, South Korea.

Variables and Measurements

The main exposures for comparison between the two groups were
demographics, driving behaviors, health behaviors, morbidities,
and CADReS and driving simulation outcomes. Driving behaviors
included driving career, driving frequency, driving time, mileage
driven, night driving, parking methods, driving speed, driving ca-
pacity, road traffic incidences, traffic tickets, and difficulties in spe-
cific situations. Health behaviors included smoking, alcohol con-
sumption, exercise, insomnia, and sleep apnea. Morbidities includ-
ed hypertension; diabetes; and ophthalmic, ear, joint, and heart
disorders.

We performed the CADReS according to the instructions pro-
vided in the Clinician’s Guide to Assessing and Counseling Older
Drivers.” The survey, including an introduction to the purpose and
methods of the tests, required approximately 30 minutes to com-
plete.

Using a vehicle driving simulator, we assessed collisions, velocity
(maximum, at the junction), and traffic violations (recognition of
pedestrians, obeying the stop line, lane keeping, and obeying traf-
fic signals) in the four scenarios. The participants were previously
instructed regarding the use of all operational parts of the driving
vehicle (steering, gas and brake pedals, seat belt, rear mirror, and

turn signals).
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Statistical Analysis

Categorical variables are expressed as frequencies and percentages,
while continuous variables are expressed as mean * standard devi-
ation or as medians and interquartile range (IQR). Chi-square or
Fisher exact tests were used for categorical variables and Wilcoxon
tests for continuous variables. The AUCs (areas under the receiver
operating characteristic [ROC] curves) were calculated to com-
pare the age-related discriminatory power of the assessment tools.
DeLong tests were used to compare AUCs."” All statistical analy-
ses were performed using SPSS Statistics for Windows, version
23.0 (IBM Corp., Armonk, NY, USA). p-values were two sided,
with a significance level of 0.0S.

Ethics Statement

The Institutional Review Board of Chungbuk National University
Hospital reviewed and approved this study (No. CBNUH 2019-
10-024-001), and we obtained informed consent from the partici-

pants before their participation.

RESULTS

Among 40 participants after excluding four who complained of
simulator sickness, 30 (75.0%) were older drivers. The median
(IQR) age of the older drivers was 71.5 (68.0~73.25) years,and 27
participants (90.0%) were male. The median (IQR) age of the 10
non-older drivers was 42.0 (25.0-46.75) years, and 3 participants
(30.0%) were male. Older drivers with driving experiences of over
20 years comprised 96.7% of this population. Among non-older
drivers, 72.8% had driving experiences of less than 20 years. Older
drivers were more likely to drive once or twice per week for 1-2
hours per day. However, most driving behaviors did not differ sig-
nificantly between the two groups (Table 1).

While none of the health behaviors differed significantly be-
tween older and non-older drivers, there were clinical differences
in terms of the presence of chronic conditions between the two
groups. Among older drivers, 20 (66.7%) had hypertension, 7
(23.3%) had diabetes mellitus, 9 (30.0%) had cataracts, 4 (13.3%)
had glaucoma, 2 (6.7%) had macular degeneration, 6 (20.0%) had
degenerative arthritis, 4 (13.3%) had hearing impairment, and 3
(10.0%) had cardiovascular disease. None of the non-older drivers
had these chronic conditions (Table 2).

Table 3 shows the results of the CADReS: 6 older drivers
(20.0%) had visual field defects; regarding motor function, older
drivers were slower than non-older ones in the rapid walking pace
test (8.0 vs. 6.1 seconds; p < 0.001); regarding cognitive function,
the results of older drivers were worse than those of non-older
drivers for the KMoCA (25.0 vs. 28.3; p=0.001), maze test (29.2
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Table 1. Comparison of demographics and driving behaviors between older and non-older drivers

Variable Total (n=40) Older driver (n=30) Non-older driver (n=10) p-value
Age (y) 69.0 (61.0-73.0) 71.5 (68.0-73.3) 42.0 (25.0-46.8) <0.001
BMI (kg/m?>) 23.5(22.0-25.0) 25.0(22.3-26.0) 22.0(22.0-22.0) 0.001
Sex, male 30(75.0) 27(90.0) 3(30.0) 0.001
Educational level 0.105

Middle school or below 7(17.5) 7(233) 0(0)

High school 10 (25.0) 7(23.3) 3(30.0)

College or above 23(57.5) 16 (53.3) 7(70.0)
Driving career (y) 35(22-35) 35(22-35) 7(2-18) <0.001
Use of seat belts 0.560

Always 37(92.5) 27(90.0) 10 (100)

Not always 3(7.5) 3(10.0) 0(0)
Driving frequency (day/wk) 3(1-5) 3(1-5) 5(1-7) 0.034
Driving time (hr/day) 1(1-3) 1(1-2) 3(1-3) 0.150
Driving distance (km/day) 25(9-30) 25 (15-30) 20 (5-30) 0.701
Driving at night (day/wk) 1.5(1-2) 1.5(1-2) 2(1-4) 0.108
Proper parking method to use in driving 0423

Perpendicular front 6(15.0) 4(13.3) 2(20.0)

Perpendicular back 23(57.5) 16 (53.3) 7(70.0)

Parallel 2(5.0) 2(6.7) 0(0)

All 9(225) 8(26.7) 1(10.0)
Driving speed compared with the general flow of traffic 0.254

Faster 6(15.0) 3(10.0) 3(30.0)

About the same 30(75.0) 23(76.7) 7(70.0)

Slower 4(10.0) 4(13.3) 0(0)
Driving capacity 0.333

Excellent 12 (30.0) 9(30.0) 3(30.0)

Good 12 (30.0) 7(23.3) 5(50.0)

Average 15(37.5) 13(43.3) 2(20.0)

Fair 1(2.5) 1(33) 0(0)
Road traffic incidents in the past year (yes) 6(15.0) 5(16.6) 1(10.0) 0.710
Receiving a traffic ticket in the past year (yes) 13(32.5) 12 (40.0) 1(10.0) 0.155
Driving in the rain (yes) 29 (72.5) 23(76.7) 6 (60.0) 0498
Difficulty making left-hand turns across oncoming traffic (yes) 17 (42.5) 12 (40.0) 5(50.0) 0.311
Difficulty driving in rush-hour traffic (yes) 16 (40.0) 12 (40.0) 4(40.0) 0.655
Difficulty driving on high-traffic roads (yes) 11(27.5) 8(26.7) 3(30.0) 0.732

Values are presented as median (interquartile range) or number of participants (%).

BMI, body mass index.

vs. 18.4 seconds; p=0.004), and trail-making test (117 vs. 51 sec-
onds; p < 0.001). Four older drivers took longer than 180 seconds
to complete the trail-making test (data not shown). However, per-
formance on the clock-drawing test did not differ significantly be-
tween the two groups (older 6.6 vs. non-older 7.0; p=0.166).
Table 4 shows the results of the comparisons of simulation test
results between the two groups. In the simulation, while the fre-
quency of crashes and violation rates of the central and stop lines
were higher in older drivers than in non-older drivers, the differ-
ences were not statistically significant. The rates of right indicator

use in the left turn at night and in the right turn at the oblique junc-
tion were higher in older drivers than in non-older drivers
(p=0.014 and p=0.708, respectively). Maximal velocity and ve-
locity at the cross-section were higher in non-older drivers than in
older drivers (p < 0.0S).

The results of the ROC curve analyses are shown in Table 5.
The AUC values for the CADReS and driving simulation out-
comes ranged from 0.783 to 0.952, indicating moderate to high as-
sessment accuracy, except for the clock-drawing test (AUC > 0.587).
" The rapid walking pace test, trail-making test, and velocity of the left
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Table 2. Comparison of health behaviors and morbidity between older and non-older drivers

Variable Total (n=40) Older driver (n=30) Non-older driver (n= 10) p-value
Smoking 0212
Non-smoker 19 (47.5) 13(43.3) 6 (60.0)
Ex-smoker 15(37.5) 13 (43.3) 2(20.0)
Smoker 6(15.0) 4(133) 2(20.0)
Alcohol consumption 0.304
Abstinence 6(15.0) 5(16.7) 1(10.0)
Never 6(14.6) 6(20.0) 0(0)
Current drinker 28 (70.4) 19 (63.3) 9(90.0)
Exercise (physical activity) 0.050
Vigorous intensity 6(15.0) 4(13.3) 2(20.0)
Moderate intensity 9(22.5) 9(30.0) 0(0)
Light intensity 25(62.5) 17 (56.7) 8(80.0)
Insomnia 12 (30.0) 8(26.7) 4(40.0) 0451
Sleep apnea 2(5.0) 2(6.6) 0(0) 0.738
Hypertension 20(50.0) 20 (66.7) 0(0) <0.001
Diabetes mellitus 7(17.5) 7(23.3) 0(0) 0.161
Ophthalmic disorder 13(32.5) 13 (43.3) 0(0) 0.016
Ear disorder 5(125) 5(16.6) 0(0) 0.307
Joint disorder (degenerative arthritis) 6(15.0) 6(20.0) 0(0) 0.105
Cardiac disorder 6(15.0) 6(20.0) 0(0) 0.016
Values are presented as number of participants (%).
Table 3. Comparison of CADReS outcomes between older and non-older drivers
Variable Total (n=40) Older driver (n=30) Non-older driver (n=10) p-value
Visual defect, yes 6(15.0) 6(20.0) 0(0) 0212
Motor function
Rapid walking pace (s) 7.5+16 80+16 6.1£0.7 <0.001
Cognitive function
KMoCA test score 259+3.7 25.0+34 283+1.6 0.001
Maze test (s) 264+14.1 292+14.9 184+7.3 0.004
Trail-making test (s) 100.0+59.2 117.3+£59.7 514+12.5 <0.001
Clock-drawing test score 6.7£1.0 6.6%1.1 7.0£0.0 0.166

Values are presented as number of participants (%) or meantstandard deviation.

CADReS, Clinical Assessment of Driver-Related Skills; KMoCA, Korean-Montreal Cognitive Assessment.

turn at the acute junction in the dark showed high discriminatory
powers (AUC > 0.9). Table 6 shows the differences in AUCs be-
tween the highest assessment accuracy variable, left-turn velocity
at night, and other variables. The maze test results showed statisti-
cally significant differences (p=0.044), while the results of the
KMoCA (p=0.051), right turn at an oblique intersection
(p=0.051), and going straight (p=0.073) approached borderline
significance.

DISCUSSION

In this study, we observed that the motor (rapid walking pace) and

cognitive (KMoCA, maze test, trail-making test) functions of older
drivers were inferior to those of non-older drivers. Older drivers
who were tested on four junction scenarios implemented in a vehi-
cle simulator drove slower than non-older drivers. In particular, the
simulation of left turns at night showed the highest discriminatory
power between older and non-older drivers.

The comparisons of visual sensory, motor, and cognitive func-
tions using the CADReS showed that older drivers were inferior to
non-older drivers. Rapid walking pace and trail-making time
showed high accuracy (AUC>0.9) to discriminate motor and
cognition functions, respectively, between older and non-older
drivers. In the present study, older and non-older drivers required a

Ann Geriatr Med Res 2021;25(2):105-112
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Table 4. Comparison of driving simulation outcomes in four junction scenarios between older and non-older drivers

Variable Total (n=40) Older driver (n=30) Non-older driver (n= 10) p-value
Right turn at an oblique junction

Maximum velocity (km/hr) - 449+114 61.4+14.8 0.001

Crash (frequency) 17 13 (50.0) 4(40.0) 0.717

Use of right indicator (yes) 22 17 (63.0) 5(50.0) 0.708
Right turn with a pedestrian present

Velocity at junction (km/hr) 149+6.0 269+10.7 0.001

Recognition of pedestrian 24 19(79.2) 10 (100) 0.291

Violation of stop line (frequency) 8 6(24.0) 2(20.0) 1.000
Left turn at night

Velocity at junction (km/hr) 133172 38.0+21.0 <0.001

Right indicator 32 26 (86.7) 6(60.0) 0.014

Violation of central line 9 8(29.6) 1(10.0) 0.393
Going straight at an oblique junction

Maximum velocity (km/hr) - 469+11.8 62.2+14.3 0.004

Velocity at junction (km/hr) 28.8+19.1 452+17.6 0.016
Values are presented as meanzstandard deviation or number of participants (%).
Table 5. ROC curve analysis of clinical assessment and driving simulation variables to differentiate distinct age groups
Model AUC SE 95% CI

Lower Upper

Rapid walking pace (s) 0.901 0.066 0.771 1.000
KMoCA test score 0.787 0.092 0.608 0.967
Maze test (s) 0.783 0.084 0.619 0.946
Trail-making test (s) 0.928 0.049 0.832 1.000
Clock-drawing test score 0.587 0.106 0.379 0.795
Right turn at an oblique intersection (maximum velocity) 0.816 0.075 0.669 0.964
Right turn with a pedestrian present (velocity at junction) 0.860 0.070 0.723 0.997
Left turn at night (velocity at junction) 0.952 0.034 0.884 1.000
Going straight at an oblique intersection (maximum velocity) 0.807 0.097 0.616 0.998

ROC, receiver operating characteristic; AUC, area under the ROC curve; SE, standard error; CI, confidence interval; KMoCA, Korean-Montreal Cognitive As-

sessment.

mean of 8.0 and 6.1 seconds, respectively, to complete the rapid
walking pace assessments. Older drivers requiring >9 seconds to
complete the rapid pace walking assessment were recommended
to consult a physician.”'” Other studies reported that rapid walk-
ing pace measures > 7 seconds were associated with an increased
crash risk among older drivers."” The trail-making test, which eval-
uates cognitive ability related to attention, visual processing, and
working memory, was correlated with driving outcomes."” Four
older drivers in the present study who required > 180 seconds for
task completion in this test were recommended to consult a physi-
cian.”

Vehicle simulators can be used to assess driver capacities such as

4,16,17 .
? These simulators are commonly

driving skills and cognition.
used in clinical settings because of their high fidelity, safe environ-
ment, and reproducibility.”"* Driving simulation was reported to

be a valid predictor of on-road driving capacity among older driv-

ers.” Absolute driver response validity indicates that the same re-
sult would be observed between simulation and real life. Even
though there were no statistical differences between older and
non-older drivers with respect to driving speed and capacity on the
self-assessment questionnaire, the driving speed of older drivers
was lower than that of non-older drivers during the simulation. As
the absolute validity of the vehicle simulator used in this study was
not assessed, future studies are warranted to validate the simulator.
Another study also reported that older drivers drove at slower
speeds in a vehicle simulator, which was related to a lower confi-
dence level in these drivers.”” However, the vehicle simulator is not
an alternative tool to the on-road test but rather is a useful method
for assessing driving-related cognitive skills and training regarding
on-road driving skills in drivers with cognitive deficits. "

Age itself may be a risk factor for safe driving as aging reduces
driving capacity through decreased cognition and attentional ca-
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Table 6. Differences in AUCs between left-turn velocity at night and other variables

95% CIL

Contrast Difference SE Pr > ChiSq
Lower Upper
Maze test, left turn at night -0.167 0.083 -0.330 -0.005 0.044
KMOoCA, left turn at night -0.152 0.078 -0.305 0.001 0.051
Right turn at an oblique intersection, left turn at night -0.133 0.068 -0.266 0.000 0.051
Traveling straight, left turn at night -0.159 0.089 -0.332 0.015 0.073
Right turn with a pedestrian present, left turn at night -0.091 0.061 -0.212 0.029 0.137
Trail-making test, left turn at night -0.046 0.062 -0.168 0.076 0.463
Rapid walking pace, left turn at night -0.052 0.075 -0.199 0.095 0.486

AUC, area under the receiver operating characteristic curve; SE, standard error; CI, confidence interval; KMoCA, Korean-Montreal Cognitive Assessment.

pacity.”” Self-assessment surveys are relatively easy and efficient
methods for collecting data regarding violations, errors, and lapses.
Driver behavior questionnaires are widely used self-assessment
tools to measure aberrant driving behaviors in the field of road
safety, in which violation scores are correlated with self-reported
accidents and driving speed in a simulator.”” In the present study,
the driving behaviors of older drivers did not differ from those of
non-older drivers in terms of the subjective questionnaire, despite
chronic disorders such as hypertension, diabetes mellitus, cataract,
glaucoma, macular degeneration, and arthritis in older drivers.

Our findings of slower speed at cross-sections and worse lane-
keeping behavior in older drivers are related to their self-regulating
behaviors.”” The poorer capacity of older drivers makes them
avoid problematic driving situations in which they have low confi-
dence. In addition, reduced contrast sensitivity contributed to de-
creased recognition and capacity, which led to a notable decline in
driving speed at night.”” However, older drivers adapt and behave
safely when faced with difficult situations owing to their lengthy
driving experiences.”” Therefore, older drivers’ increased use of in-
dicators when turning at junctions may be associated with safe be-
haviors such as an increase in following distance while driving.

This study had several limitations. First, as in most driving simu-
lation studies, the sample size was too small, which lowered the
study power. Moreover, the sizes of the older and non-older driver
groups differed substantially, which could explain the non-signifi-
cant results in the comparisons of the two groups. The low rate of
women in the older driver group and the low rate of men in the
non-older driver group also hindered the evaluation of driving be-
haviors of older male and female drivers.

In conclusion, the results of our study showed that motor (rapid
walking pace) and cognitive function tests (i.e,, KMoCA, maze
test, and trail-making tests) in the CADReS, as well as driving sim-
ulations using junction scenarios, were good tools to discriminate
between older and non-older drivers. A prospective validation
study with a larger sample is needed to determine whether these

tools can assess the fitness to drive among older drivers potentially
atrisk.
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