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)ere is currently much debate regarding the effectiveness of the driver license system in South Korea, due to the numerous traffic
crashes caused by drivers who are suspected of having insufficient physical and mental abilities. )rough the present system, it is
quite difficult to identify such drivers indirectly through physical tests, such as visual acuity tests, since the correlation of such
results with driving performance remains unclear. )e objective of this study was to investigate the relationship between driving
performance and visual acuities for improving the South Korean driver license system. In this study, two investigations were
conducted: static and dynamic visual acuity examinations and driving performance tests based on a virtual reality (VR) system.
)e driving performance was evaluated with a driving simulator, based on driving behaviors in different experimental scenarios,
including daytime and nighttime driving on a rural highway, and unexpected incident situations. Here, we produce statistically
significant evidence that reduced visual acuity impairs driving performance, and driving behaviors differ significantly among
groups with different vision capabilities, especially dynamic vision. Visual acuities, typically dynamic visual acuity, greatly
influenced driving behavior, as measured by the standard deviation of speeds and vehicle LPs, and this was especially notable in
curved road segments in daytime experiment. )ese experimental results revealed that the driving performance of participants
with impaired dynamic visual acuity was deficient and unsafe. )is confirmed that dynamic visual acuity levels are significant
determinants of driving behavior, and they well explain driver performance levels. )ese findings suggest that the South Korean
driver license system should include a test of dynamic visual acuity to create better and safer driving.

1. Introduction

)ere are many ways to improve transportation safety,
including improving geometric conditions, increasing ed-
ucation, publicizing campaigns, and taking other approaches
to improve traffic safety. However, in the context of traffic
safety, one of the most important steps is to evaluate whether
drivers have adequate capabilities for driving. Driver per-
formance evaluations are critical for identifying individuals
who are not qualified to drive because such drivers can
seriously affect safety on the road.

Generally, the driver license system is the first stage of
preventing traffic crashes, as it evaluates driver performance

to identify drivers with inadequate physical abilities.
However, there have recently been many arguments re-
garding the effectiveness of the driver license system in
South Korea, due to the many traffic crashes caused by
drivers with insufficient physical and mental abilities. )e
current system in South Korea does not identify such drivers
because some of the tests are rather cursory, such as vision
and hearing tests. In contrast, many other countries, in-
cluding Germany, France, Japan, the US, and the UK, have
implemented a variety of tests to regularly identify un-
qualified drivers, including high-level standards for vision
tests, viewing angle tests, cognitive ability tests, and other
standard medical tests. However, driving performance tests
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cannot be conducted on real roads. It is also quite difficult to
evaluate driving performance indirectly through physical
tests, such as visual acuity and muscle performance tests,
since the correlation of their results with driving perfor-
mance is unclear. )us, to improve traffic safety, a new
method of accurately evaluating driving performance must
be developed.

In this study, driving performance was evaluated
through virtual reality (VR) technology to identify un-
qualified drivers. Recently, VR technology has been used in
many areas of transportation engineering, such as driver
education, primary driving testing, and driver behavior
studies. Such technology has also been used to evaluate
driver performance in many studies, due to the difficulty of
performing real-time road tests.

)e objectives of this study were to determine the re-
lationships between driving performance and physical
abilities based on driving simulator experiments and to
develop an appropriate method of evaluating driver per-
formance. Physical abilities that are easily measurable and
closely related to driver performance were used to develop
the evaluation method. Among various physical abilities, the
visual acuity levels in different age groups were used to
evaluate driving performance, since drivers generally obtain
the information needed to safely operate their vehicles
through vision, for example, road alignments, road signs,
and other driving environments. After visual acuity was
examined and driving simulator experiments were con-
ducted, driving behaviors and performance characteristics
were analyzed by a statistical modeling process to determine
those influencing factors on reaction time which signifi-
cantly affect traffic crashes.

2. Literature Review

It is generally known that drivers get most of the information
they need to drive through vision [1], making vision themost
important ability for driving. Visual acuity is a measure of
the spatial resolution of the visual processing system, and a
visual acuity test is an eye exam that checks how well a
person sees the details of an object from a specific distance
[2, 3]. )ere are different types of visual acuities related to
driving such as static and dynamic visual acuity.

Visual acuity normally declines with age, as shown in
several studies that investigated the relationship between age
and visual acuities [4–7]. Another study of vision tests for
drivers found that the number of drivers with visual acuity
loss was four times greater among those aged 65 years or
older than in younger drivers [8]. )ose researchers con-
ducted an automated visual inspection on 10,000 drivers and
found that only 3% to 3.5% of those who were aged 16 to 60
years had impaired vision, whereas 13% of those who were
aged 65 years and over had vision problems.

Insufficient visual acuity may cause poor driving per-
formance, as evidenced by driving violations and traffic
crashes [8–12]. Burg investigated the relationship between
visual acuity, driving violations, and traffic crashes in Cal-
ifornia, USA, and found a slight correlation among them [9],
and a similar analysis [10] indicated that measures of visual

performance, such as static and dynamic visual acuity,
correlated significantly with the crash rate of drivers over the
age of 54. In another related study of the visual acuity levels
(static and dynamic) of 12,400 drivers and their traffic
crashes and law violations, it was found that drivers over the
age of 66 had a higher risk of crashes [11]. However, those
previous studies indirectly analyzed the relationship be-
tween a visual acuity and driving performance by tracking
the number of violations and traffic crashes. In this study, the
influence factors on driving violations and traffic crashes
were driving distance, age, gender, and visual acuity (static
and dynamic).

Among the various types of visual acuities, dynamic
visual acuity is known to significantly affect recognition of
traffic ahead and road conditions [13–19]. Hofstetter [14]
found a meaningful relationship between dynamic visual
acuity and recognition of moving objects, and Long and
Kearns [15] also revealed similar results regarding the re-
lationship between traffic sign recognition and dynamic
visual acuity. Higgins and Wood [17] tested the effects of
visual acuity against measures for driving performance,
including gap perception, total driving time, and sign rec-
ognition, using a lens designed with different visual acuity
levels (ranging from 0.1 to 1.5). )ey observed poor driving
performance based on those measures in participants with
lower dynamic visual acuity. )ese results also revealed that
vision tests for only static vision acuity (not for dynamic
vision acuity) are of limited usefulness in this context. Be-
cause the relationship between such tests and driving per-
formance was not really proven statistically, there is still
needed to develop effective and reliable methods that can
precisely correlate visual acuity and driver performance
[12, 20].

Several previous studies used a driving simulator to
investigate driver behaviors and performance, due to real-
time road test limitations such as safety hazards and diffi-
culty in preparing designed situations for experiments
[16, 21–24, 25–27]. Only a few studies have used a driving
simulator to directly investigate the relationship between
visual acuity and driving performance. Wilkins [16] con-
ducted a driving simulator test to measure brake response
rates in hazardous situations and found that drivers with
better dynamic visual acuity had better risk detection rec-
ords. In another study on the effects of visual acuity on the
driving ability of multiple sclerosis patients, a driving
simulator was used to evaluate the subjects’ driving per-
formance [28].

)ere have also been studies recommending the im-
provement of driver license systems [29, 30]. For example,
Owsley and McGwin [21] suggested that it is necessary to
measure visual acuity more precisely in the driver licensing
system of England, but they failed to find clear evidence that
an improved driver licensing system would reduce traffic
crashes.

Our reviews of the relevant literature found the following
meaningful issues. First, visual acuity, which is highly im-
portant for safe driving, normally weakens with age, and this
deterioration of vision may cause driving violations and
traffic crashes.)us, declining visual acuity is a critical safety
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problem. Second, dynamic visual acuity is known to sig-
nificantly affect driving performance, but it is hard to
measure it and to prove a statistically relevant relationship
between dynamic visual acuity and driving performance.
)erefore, more precise methods to measure visual acuities
should be developed, and studies to investigate the rela-
tionship between visual acuity and driving performance
need to be conducted.

3. Methodology

In this study, two different investigations were conducted: a
visual acuity test and a driving performance test utilizing a
VR system. )e relationship between driving performance
and physical abilities was determined using that VR driving
simulator in a series of experiments. Figure 1 illustrates the
detailed study flows.

3.1. Visual Acuity Evaluation. For visual acuity evaluations,
different types of visual acuities were examined, including
static and dynamic visual acuity, because dynamic visual
acuity are known to have greater effects on driving per-
formance than static visual acuity [1]. Our visual acuity
evaluations were conducted with the Multifunctional Vision
Test System developed and verified by the Korea Road Traffic
Authority. First, we reanalyzed the visual acuity evaluations
results examined by this test system in a previous study [31].
)is study was conducted only to evaluate the performance
of the vision test system; the data used for verification in that
study were used in this study to investigate the reduction in
visual acuity performance with aging. Second, the same test
system was used to evaluate the visual acuity of the par-
ticipants in this study, so that subject driving performance
could be compared according to visual acuity level. )e
purpose of this visual acuity test was to evaluate subjects’
ability to identify fixed and moving objects. )e test results
were scored from 0.1 to 1.5, and subjects with scores greater
than 0.5 were judged as having passed the vision test, while
the rest were judged as having failed. )ese criteria were
based on the standards of the driving aptitude test used by
driving license institutes in South Korea. )ese thresholds
were applied for evaluation of static and dynamic visual
acuity.

3.2. Driving Simulator Experiments. We conducted driving
simulator experiments to measure various driving behaviors
under many different driving conditions. In total, 65 par-
ticipants (35 younger drivers and 30 older drivers, 49 male
and 16 female drivers) who drove at least three or four times
in every week with an active driver’s license were involved in
the experiments. Among the younger drivers, there were 11
participants in their twenties, 9 participants in their thirties,
8 participants in their forties, and 7 participants in their
fifties; the older drivers were those older than 65 years.

)e experiments to evaluate driving performance were
conducted in two designed scenarios based on rural highway
driving: daytime (scenario 1) and nighttime (scenario 2).
Unexpected incident situations, as shown in Figure 2, were

created in a driving simulator based on VR technology. )e
unexpected incident #1 was a dog that suddenly ran into the
driving lane, and the driver had to stop to avoid hitting it. In
incident #2, a vehicle in the adjacent lane suddenly cut into
the driving lane. In the last incident, a heavy vehicle was
approaching from a cross road to an unsignalized
intersection.

)e visual acuity of each participant was first tested by
the vision test system, and then, the driving simulator ex-
periments were conducted. )e two different scenarios were
presented in random order to each participant to prevent
any learning or familiarity effects in the experiments.)eVR
images in the driving simulator were implemented by the
UC-WinRoad program (ver. 12.0) by Forum8 Corp which is
in Anyang city, South Korea. Prior to the main test, a
predriving test was administered so that participants would
become familiar with the driving simulator.

3.3. Statistical Analysis. Correlation analysis is a method to
investigate the degree and direction of a relationship be-
tween two variables [32], and we conducted it to determine
whether visual acuity level influenced driving behavior and
performance measures, including variations of speed,
braking force, and lateral placement during driving. )e
Kruskal–Wallis test is a rank-based nonparametric test that
can be used to determine whether there is a statistically
significant difference between continuous or ordinal de-
pendent variables in two or more groups [33]. We used this
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Figure 1: Flowchart of this study.
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test to determine whether the occurrence of traffic conflicts
in each scenario differed significantly among the groups
classified according to visual acuity level. A traffic conflict is
an observable event which would result in a crash if drivers
do not act appropriately, such as by slowing down, changing
lanes, or accelerating to avoid a collision. In this study,
conflicts were measured as near-collisions with incident
objects, such as a dog, a lane-changing vehicle, or an
approaching heavy vehicle, by analysis of videos recorded in
the experiment. )e number of actual collisions was also
included in the number of conflicts here for the purpose of
the analysis. Finally, we used regression analysis to deter-
mine whether visual acuity levels and age had a significant
effect on perception reaction time (PRT) in the unexpected
incident situations. )is analysis was conducted to deter-
mine whether lately perceiving and identifying ahead risky
events can increase the probability of traffic crashes and
whether the driver’s age and visual acuity level are the main
influencing factors for those unsafe driving behaviors.

4. Results

4.1. Vision Test Results. In agreement with the general
knowledge that static visual acuity and dynamic visual acuity
decline with aging, our investigation of visual acuity revealed
that participants over age 40 had significantly lower visual
acuity levels, typically in dynamic visual acuity, than younger
participants. In a previous study [31], static and dynamic
visual acuities were measured for 276 participants using the
same vision measurement device used in this study; we
reanalyzed those results to investigate the declination of
vision with age. We found large decreases in vision test
passing rates among older drivers, especially for dynamic
visual acuity, using the Korean standard of static vision
acuity in its driver license system, 0.5 points (20/40), as

shown in Table 1. Even though the threshold of dynamic
visual acuity can be different from that of static visual acuity,
we applied the same threshold for dynamic vision.

In our evaluation of these data, 75.4% (56.9%+ 18.5%) of
the participants had adequate static visual acuity, as shown
in Table 2, while 28 participants (12 + 16 participants) failed
the dynamic visual acuity test and 16 participants failed both
the dynamic and static visual acuity tests. Such individuals
should not drive, considering their insufficient physical
performance in terms of dynamic visual ability. As dem-
onstrated here, vision performance typically declines much
more rapidly after the age of 50; therefore, driving in-
spections should be improved for those over the age of 50.

4.2. Driving Simulator Experiment Results

4.2.1. Visual Acuities and Driving Behaviors. In the driving
simulator experiments, many participants with lower visual
acuity levels drove with higher variations in speed, as can be
seen in Figure 3. )e data in Figure 3 and Tables 3 and 4 are
from the experimental highway segments where no unex-
pected incidents occurred, meaning these results represent
general driving conditions without any effects from inci-
dents. As can be seen in Figures 3(a)–3(c), the standard
deviation of driving behavior measures the driving perfor-
mance, including speed, brake force, and vehicle lateral
placement (LP), which were all relatively higher in drivers
with lower visual acuities. )ese trends were slightly more
obvious in the dynamic visual acuity results.

Tables 3 and 4 display the correlation results for the
daytime (scenario 1) and nighttime (scenario 2) experi-
ments, respectively. )ese results indicate that in the day-
time, visual acuities greatly influenced driving behavior, as
measured by the standard deviation of speeds and vehicle

Scenario1-#1 Scenario1-#2 Scenario1-#3

Scenario2-#1 Scenario2-#2 Scenario2-#3

Figure 2: Images of experimental scenarios.
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Table 1: Results of the vision test in different age groups.

Age
Static visual acuity

(people)
Dynamic visual acuity

(people) Total
(people)

Pass (%) Fail (%) Pass (%) Fail (%)
20–29 4 (100%) 0 4 (100%) 0 4
30–39 57 (98%) 1 (2%) 57 (98%) 1 (2%) 58
40–49 121(97%) 4 (3%) 115(92%) 10 (8%) 125
50–59 24 (71%) 10 (29%) 14 (41%) 20 (59%) 34
65–69 27 (69%) 12 (31%) 11 (28%) 28 (72%) 39
Over 70 11 (69%) 5 (31%) 5 (31%) 11 (69%) 16
Total 244 (88%) 32 (12%) 206 (75%) 70 (25%) 276
Source: these data are from the Korea Agency for Infrastructure Technology Advancement (2017) [25] to determine whether different age groups passed or
failed using the Korean standard for static visual acuity in its driver license system for all visual acuities. )e original study merely examined those visual
acuities to verify the Multifunctional Vision Test System developed by the study.

Table 2: Visual acuity evaluation results.

Groups categorized by visual acuities
No. of participants (%)

No.
Static Dynamic

Result Mean SD Result Mean SD
1 Pass 0.95 0.36 Pass 0.86 0.29 37 (56.9%)
2 Pass 0.57 0.08 Fail 0.33 0.09 12 (18.5%)
3 Fail 0.26 0.12 Fail 0.21 0.09 16 (24.6%)

Total 65 (100%)
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Figure 3: Continued.
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LPs, and this was especially notable in curved road segments.
Again, these results were more obvious for dynamic visual
acuity. Of these driving behavior measures, the standard
deviation of vehicle LPs had a stronger correlation with
visual acuities, typically dynamic visual acuity. )e Krus-
kal–Wallis test results showed that the differences in the
correlations of static and dynamic visual acuities with the
standard deviation of vehicle LPs only in the tangent road

section, and the standard deviation of speed and vehicle LPs
in the curved road section were statistically significant.

Meanwhile, in scenario 2 (nighttime), the correlations
between visual acuities and driver behavior measures were
less significant than those in the daytime (Table 4). )e
Kruskal–Wallis test results showed that differences of these
correlations of driving behavior measures with static and
dynamic visual acuity were not statistically significant in the
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Figure 3: Comparison of driving behaviors according to visual acuity. Comparison of SD of (a) speed, (b) brake force, and (c) lateral
placement according to visual acuity.

Table 3: Correlation analyses and Kruskal–Wallis tests in scenario 1 (daytime).

Categories SD of running speed SD of brake force SD of LP

Correlation test

Tangent road section
Static visual acuity −0.131

(p � 0.299)
−0.180

(p � 0.150)
−0.235

(p � 0.059)

Dynamic visual acuity −0.198
(p � 0.114)

−0.183
(p � 0.145)

−0.327∗
(p � 0.008)

Curved road section
Static visual acuity −0.253∗

(p � 0.042)
−0.127

(p � 0.312)
−0.253∗

(p � 0.042)

Dynamic visual acuity −0.356∗
(p � 0.004)

−0.183
(p � 0.145)

−0.352∗
(p � 0.004)

Kruskal–Wallis test
Tangent road section χ2 � 2.543

(p � 0.280)
χ2 � 0.156
(p � 0.925)

χ2 � 7.223∗
(p � 0.027)

Curved road section χ2 � 7.586∗
(p � 0.023)

χ2 �1.315
(p � 0.518)

χ2 � 6.754∗
(p � 0.034)

∗p value <0.05 (statistically significant).

Table 4: Correlation analyses and Kruskal–Wallis tests in scenario 2 (nighttime).

Categories SD of running speed SD of brake force SD of LP

Correlation test

Tangent road section
A static visual acuity −0.036

(p � 0.775)
0.079

(p � 0.532)
−0.065

(p � 0.606)

A dynamic visual acuity −0.069
(p � 0.587)

0.063
(p � 0.620)

−0.062
(p � 0.626)

Curved road section
A static visual acuity −0.210

(p � 0.093)
−0.149

(p � 0.236)
−0.160

(p � 0.202)

A dynamic visual acuity −0.241∗
(p � 0.050)

−0.142
(p � 0.258)

−0.251∗
(p � 0.043)

Kruskal–Wallis test
Tangent road section χ2 �1.533

(p � 0.465)
χ2 � 3.065
(p � 0.216)

χ2 � 0.073
(p � 0.964)

Curved road section χ2 � 4.471
(p � 0.107)

χ2 � 0.158
(p � 0.924)

χ2 � 4.049
(p � 0.132)

∗p value <0.05 (statistically significant).
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nighttime. )is indicates that there might be other influ-
encing factors that were not considered in this study, such as
nighttime visual acuity.

4.2.2. Visual Acuity and Driving Conflicts. Traffic conflicts
while driving in unexpected incident situations in the
daytime were used for comparing the groups divided
according to the determined visual acuity level. Table 5
displays the average number of conflicts for each group.
)e largest number of conflicts (3.3) was recorded for those
who passed the static acuity test but failed the dynamic
acuity test. Fewer conflicts (2.1) were observed for those who
passed all the acuity tests than for those who failed all of the
tests (2.2). Participants who failed the dynamic vision test
had more conflicts during the experiments, as can be seen in
Table 5.

)ese conflict results showed that the drivers with in-
sufficient dynamic visual acuity (even if they had acceptable
static visual acuity) were more frequently involved in traffic
accidents. )is confirms that dynamic visual acuity levels
strongly affect driving behavior and help to determine the
driving performance level. )ese findings suggest that the
driver license system in South Korea should include tests of
dynamic visual acuity to create safer driving conditions.

4.2.3. Analysis of the Effects of Visual Acuities on Reaction
Time. When a driver is slow to perceive and identify up-
coming dangerous situations, the risk of a collision increases.
For this reason, analyzing the effects of visual acuities on the
time needed for perceiving and identifying can be mean-
ingful. However, because it is generally quite difficult to
measure exact time for perceiving and identifying
approaching objects in the VR simulator experiment, we
used the entire perception reaction time (PRT) instead of
just time to perceive and identify ahead the object. )e
reaction time used in this study was derived from the fol-
lowing equation:

measured PRT � T1 − T2, (1)

Measured PRT (T1 and T2 were measured using raw data
related to driving behaviors that the driving simulator au-
tomatically produced.): time difference between time (T1)
when a driver starts to step on the brake and time (T2) when
the hazard obstacle appears ahead.

)e results showed a significant correlation between the
measured PRT and actual conflicts for incidents 1 and 3 in
both the daytime and nighttime experiments, as shown in
Table 6. However, results for incident 2 in the daytime and
nighttime experiments were not significant. )is might be
explained that incidents 1 and 3 occurred some distance
ahead and were completely unexpected, but incident 2, in
which a vehicle in the adjacent lane suddenly cut into the
driving lane, occurred in front of participants’ very eyes.
)erefore, incident 2 might have been relatively less affected
by the driver’s visual acuity. )ese results demonstrate that
PRT has a significant relationship with conflicts and possibly
with traffic accidents.

A regression analysis was conducted to investigate the
significant visual acuities that affected the measured PRT
(Table 7). Dynamic visual acuity had statistically significant
effects in both daytime and nighttime situations, but static
visual acuity was not statistically significant. )e PRT de-
creased as the dynamic visual acuity decreased, as the co-
efficient of the dynamic visual acuity was negative.)ere was
little difference in the coefficient values between daytime and
nighttime conditions. )is result confirms that dynamic
visual acuity, which measures how accurately a moving
object is observed, is an important driver aptitude in both
daytime and nighttime conditions.

4.2.4. Ability to Cope with Incidents according to Visual
Acuities. Generally, drivers with vision problems do not
cope well with sudden incidents, due the association of poor
vision with impaired cognitive capacity to respond quickly
and accurately. )e experiments in this study confirmed this
general tendency, as shown in Figure 4. Old drivers and non-
old drivers who passed the static and dynamic visual acuity
levels (Group 1) had similar speed and brake force patterns
(Figure 4(a)), but those who passed the static visual acuity
test but failed the dynamic visual acuity test (Group 2) had
different speed and brake force patterns. For example, to
cope with incident #3, non-old drivers started to brake and
reduced speed at the appropriate time, but old drivers started
to brake and reduced speed too late (Figure 4(b)). As
mentioned previously, about 70% of the old participants and
about 30% of the non-old participants in this experiment
failed in the dynamic vision test. In sudden incident events,
the worst behaviors were observed in participants with
insufficient dynamic vision acuity (about 10% of the drivers),
including sudden harsh braking due to late identification of
the incident. However, this difference was smaller in par-
ticipants who failed both static and dynamic vision tests
(Group 3) as can be seen in Figure 4(c). It might be because
drivers with poor static vision performance usually more
concentrate on ahead conditions in driving and are ready to
cope with them.

Figure 5 shows two examples of those extreme cases. )e
first case involved a 50-year-old female participant with 20
years of driving experience; she had driven five times per
week but failed both the static and dynamic visual acuity
tests.)e other case was an older male driver with 30 years of
driving experience who had driven every day. He failed the
dynamic visual acuity tests, although he passed the static
visual acuity test. Neither subject identified sudden events
fast enough to successfully respond. When the woman

Table 5: Comparison of driving conflicts according to visual acuity
performance.

Groups by determined visual
acuities Average conflicts of groups

Group no. Static Dynamic
1 Pass Pass 2.1
2 Pass Fail 3.3
3 Fail Fail 2.2

Journal of Advanced Transportation 7



Table 6: Correlation analyses between reaction time and conflicts in three incidents.

Categories Conflicts
Scenario 1 (daytime) Scenario 2 (nighttime)

Reaction time

Incident #1
(dog runs into road)

0.462∗
(p< 0.001)

0.564∗
(p< 0.001)

Incident #2
(car in adjacent lane veers)

0.063
(p � 0.666)

0.331∗
(p � 0.020)

Incident #3
(heavy vehicle approaches)

0.653∗
(p< 0.001)

0.632∗
(p< 0.001)

∗p value <0.05 (statistically significant).

Table 7: Regression models for conflicts using visual acuities.

Model Variable
Unstandardized coefficients

t Sig.
B Std. error

Daytime Constant 5.827∗ 0.417 13.986 0.000
Dynamic visual acuity −1.560∗ 0.638 −2.447 0.018

Nighttime Constant 2.644∗ 0.421 6.279 0.000
Dynamic visual acuity −1.658∗ 0.645 −2.572 0.013

∗p value <0.05 (statistically significant).
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Figure 4: Continued.
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identified a sudden event too late, she braked suddenly with
great force, demonstrating how in real-life situations, severe
crashes can be caused by low visual acuity. Figure 5 illus-
trates these participants’ behaviors.

5. Conclusions

For the sake of traffic safety, it is of vital importance to
determine whether drivers have adequate capabilities for
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Figure 4: Comparison of driving behaviors according to age for incident #3 in the daytime experiment. (a) Group 1 (passed both static and
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dynamic vision tests).
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Figure 5: Cases of two problematic participants in the daytime experiment with incident #3. (a))e problematic female participant. (b))e
problematic male participant.
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driving and to keep unqualified drivers off the roads.
)erefore, driver performance evaluations are essential for
identifying those not qualified to drive. However, there is
currently much debate regarding the effectiveness of the
driver license system in South Korea, due to the many traffic
crashes caused by drivers with insufficient physical and
mental abilities [34–39]. It is also quite difficult to assess
driving performance indirectly through physical tests, such
as visual acuity and muscle performance tests, because the
correlation of those results with driving performance is to
date unclear. )us, we conducted a driving performance
evaluation to improve traffic safety based on VR technology.

In the driving simulator experiments, many participants
with lower visual acuity levels drove with greater variations
in speed, failed to brake appropriately when confronted with
sudden incidents, and failed to avoid crashes. Here, we
produce statistically significant evidence that reduced visual
acuity impairs driving performance, and through designed
VR experiments, we demonstrate that the driving perfor-
mance of participants with insufficient dynamic visual acuity
can cause unsafe situations. We also found that dynamic
acuity has a great deal of influence on driving performance
in both the daytime and nighttime, and it can be an effective
criterion for driver qualification. )ese findings suggest that
the driver license system in South Korea should consider
including dynamic visual acuity testing for better and safer
driving.

However, there were some limitations to this study. )e
number of participants was only 65, not enough for ana-
lyzing the trends of declining visual acuity. Also, driving in
virtual scenarios is different from driving on real roads.
Nevertheless, this pioneering study shows how dynamic
visual acuity can explain driving performance; more sci-
entific studies are needed to prove that dynamic visual acuity
is a reliable screening factor which does not change easily
according to external circumstances or conditions. Also,
further studies with larger sample sizes are needed to analyze
more precisely the trends of visual acuity with aging, as well
as more detailed physical and mental criteria for driving,
such as hand-eye coordination, with the goal of finding
clearer correlations between age and driving performance. It
is necessary to test the driving performance of these same 65
participants on real roads to assess the similarity with the
findings of this study. And finally, as noted earlier, this study
applied the same threshold for both static and dynamic
visual acuities, even though they can be different. To address
this study limitation, more precise criteria and thresholds for
dynamic visual acuity should be determined through more
scientific driving performance studies.
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