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INTRODUCTION

Maintaining certain levels of cognition, vision, motor 
function, and sensation is essential for safe driving.1–3) In 
recent years, dangerous driving caused by reduced cogni-
tive function in drivers has become a major problem in 
Japanese society.4,5) Extensive research from the perspective 
of cognitive function is being conducted on this matter.6–18) 
All dementia subtypes are considered to be typical causes 
of dangerous driving resulting from a decline in cogni-

tive function; however, higher brain dysfunction has also 
been suggested to cause dangerous driving. “Higher brain 
dysfunction” is a medical term meaning “disorders involv-
ing a wide range of brain functions that require advanced, 
complex, and abstract processing” but it also has a narrower 
meaning as an administrative term defined by the Ministry 
of Health, Labour, and Welfare of Japan.19) As a diagnostic 
term exclusively used by the government of Japan, “higher 
brain dysfunction” (in the narrow meaning), which is the 
subject of the current research, is defined by the Ministry 
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Objectives: We performed a survey of medical records to reveal the cognitive deficits behind 
dangerous driving in patients with higher brain dysfunction. Methods: Thirty-four patients with 
higher brain dysfunction were included in this study. Patients’ basic characteristics, neuropsycho-
logical test results, scores on two types of driving aptitude tests, and accident/near miss data from 
a driving simulator were extracted from medical records. We conducted χ2 tests for independence 
between comprehensive driving aptitude scores and “traffic accidents” / “being prohibited from 
driving as defined by the number of traffic accidents and near misses.” Backward logistic regres-
sion analysis was carried out to assess correlations of “traffic accidents” and “being prohibited 
from driving as defined by the number of traffic accidents and near misses” with neuropsycho-
logical test scores. Results: No significant correlation was observed between the comprehensive 
driving aptitude score and “traffic accidents” / “being prohibited from driving as defined by the 
number of traffic accidents and near misses.” The score on the Raven’s Colored Progressive Matri-
ces test was the only factor identified as a significant predictor of “being prohibited from driving 
as defined by the number of traffic accidents and near misses.” Conclusions: The results of this 
study suggest that it is important to focus on the decline in problem-solving ability as a predictor 
of “being prohibited from driving as defined by the number of traffic accidents and near misses.”
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of Health, Labour and Welfare as “having limited everyday 
and societal activities due to cognitive impairment resulting 
from organic pathology in the brain.”20) Despite being in an 
unsafe cognitive state, some patients wish to resume driving 
or have already done so as a result of poor self-awareness.18) 
Consequently, to maintain public safety, it is imperative to 
develop a system adapted to the medical setting for screen-
ing such dangerous drivers and to officially recommend that 
they no longer drive. Such a system will require the for-
mulation of objective standards for determining the fitness 
to drive. Fitness-to-drive standards must provide accurate 
discrimination and be applicable to medical facilities with 
limited personnel, time, and financial resources, such that 
tests can be implemented quickly and easily. In other words, 
fitness-to-drive standards must meet the basic conditions for 
any screening test.

Standards for driving permission in the real world should 
emphasize whether the driver in question has a higher 
chance of causing an accident than a driver with normal 
levels of cognition. However, this is not easy to determine, 
and there is presently no consensus on the standards for mak-
ing such a decision. In fact, assessing on the road whether a 
driver will cause an accident is difficult both ethically and 
practically from the point of view of protecting public safety. 
Therefore, using a driving simulator (DS) is considered to 
be a more realistic alternative to on-road assessment.21) Ac-
cordingly, off-road evaluation, which combines both a series 
of neuropsychological tests7,22) and a DS13,18,21,23) is presently 
considered the optimal approach.24) However, many clinical 
settings are not equipped with a DS. Therefore, in the current 
study, we investigated whether “traffic accidents” (discrimi-
nating healthy drivers) and “being prohibited from driving” 
(discriminating individuals who should not be permitted to 
drive) could be predicted from the results of brief and simple 
neuropsychological tests that would obviate the need for any 
special training in individuals with higher brain dysfunction. 
We also explored whether application of this approach could 
serve as foundational research for developing a test capable 
of screening fitness to drive without the need for a DS. Be-
cause intact cognitive function is required for safe driving, 
we hypothesized that frontal lobe functions, including atten-
tion, executive function, and general intellectual function, 
are important. The following assessments were performed 
after setting the items to be evaluated.

MATERIALS AND METHODS

Materials
The medical records were surveyed of 96 outpatients 

who had been referred to the Department of Rehabilitation 
Medicine at Kawasaki Medical School Hospital between 
April 1, 2014, and May 31, 2016, to assess their ability to 
drive. All patients were independent in their activities 
of daily living. Data for patients satisfying the following 
criteria were used for analysis: (1) having a valid Japanese 
driver’s license (n=96); (2) diagnosed with higher brain dys-
function according to the diagnostic criteria of the Ministry 
of Health, Labour, and Welfare (n=96); (3) having the visual 
acuity and kinesthetic function necessary for driving (n=96); 
(4) having no severe unilateral spatial agnosia or aphasia 
(n=94); (5) having no history of dementia (n=96); (6) able 
to understand explanations of the Safety Navi test (SN) and 
able to complete the SN city course driving evaluation (DS 
mode) without experiencing simulator sickness (n=82) (14 
patients were unable to complete the SN due to simulator 
sickness); (7) all of the following neuropsychological tests 
must have been performed without missing values (n=34): 
Trail Making Test A (TMT-A) (n=64), Trail Making Test 
B (TMT-B) (n=59), Raven’s Colored Progressive Matrices 
(RCPM) (n=42), Mini-Mental State Examination (MMSE) 
(n=61), and the Metropolitan Police Department Driving 
Aptitude Test (CRT) (n=66); (8) all evaluations completed 
within 1 month after the start of testing (n=96). Data regard-
ing 34 patients that were confirmed by a physiatrist to satisfy 
the abovementioned conditions (26 men/6 women; mean 
age, 58±14 years; range, 23–82 years old) were included in 
the analyses. Higher brain dysfunction in these 34 patients 
was caused by cerebrovascular disease (cerebral infarction/
cerebral hemorrhage or non-traumatic subarachnoid hemor-
rhage; n=23), traumatic brain injury (cerebral contusion, 
diffuse axonal injury, traumatic subarachnoid hemorrhage, 
or acute subdural or epidural hemorrhage; n=10), or other 
causes such as encephalitis or hypoxic encephalopathy (n=1). 
At least 3 months had passed since the onset or injury in all 
cases. Table 1 gives an outline of patient data.

Summary of Tests Used for Analyses
Neuropsychological Tests

TMT-A and TMT-B primarily assess visual search ability 
and selective attention function.25) Part A involves connect-
ing numbers in order with a line; part B involves connective 
alternating numbers and letters in order with a line. Part 
B, therefore, also assesses alternating attention. The time 
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required for the patient to complete each task and the dif-
ference between the times for the two tasks were assessed. 
A previous study reported that patients with frontal lobe 
damage require more time for part B, which indicates a clear 
decline in the ability to alternate attention.26) Two variants 
of the TMT exist, one with a vertical layout, which is part 
of the Halstead-Reitan Battery, and one with a horizontal 
layout, which was created by Kashima et al.27) More time 
is required to complete the horizontal layout TMT than the 
vertical layout TMT.28) The standard time required by dif-
ferent age groups to complete the horizontal layout TMT is 
shown in Table 2.29)

RCPM is used globally as an intelligence test in cases of 
dementia.30) RCPM is not answered verbally and can there-
fore be used in patients with aphasia. RCPM is a puzzle-
based test comprising 36 questions that are not influenced by 

the patients’ cultural background. Examinees are instructed 
to select the one suitable pattern (from a choice of six) that 
corresponds to the missing pattern from a given sequence. A 
score of 24 points or less indicates reduced intelligence. With 
a completion time of 10–15 min, RCPM can be implemented 
in a relatively short period.

The MMSE comprises 11 questions and has a maximum 
score of 30 points; this test encompasses areas such as ori-
entation, memory, calculation, linguistic ability, and graphic 
ability.31) The MMSE is widely used to diagnose dementia; 
the cutoff value is 24 points.

Driving Aptitude Tests – Driving Simulator Used in 
Japan

The CRT measures a driver’s aptitude.32,33) Examinees fol-
low directions displayed on a television screen and operate 
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Table 1.  Demographics and test results of the 34 participants

Anderson-Darling test (P value)
Age (years) 58±14; 23–82 0.435
Sex (male/female) 29/5 ―
Diagnosis (cerebrovascular disease/TBI/other) 23/10/1 ―
TMT-A 131±58; 55–378 0.0004
TMT-B 216±104; 86–598 0.0020
MMSE 27±4; 12–30 <0.0001
RCPM 28±6; 9–36 0.0360
Participants with each comprehensive CRT score: 
1/2/3/4/5 points

4/11/7/7/5 -

Participants with each comprehensive SN score: 
1/2/3/4/5 points

0/5/17/12/0 -

Accident in SN DS mode (yes/no) 30/4 -
Prohibited from driving in SN DS mode (yes/no) 13/21 -
Number of accidents in SN DS mode 3.3±2.7; 0–11 0.0376
Data are the number of subjects or mean±SD and range.
TBI, traumatic brain injury; TMT, Trail Making Test; MMSE, Mini-Mental State Examination; RCPM, Raven's Colored 

Progressive Matrices; SN, Safety Navi test; DS, driving simulator; CRT, Metropolitan Police Department Driving Aptitude 
Test.

Table 2.  Average time taken for the TMT-A and TMT-B for different age groups as measured by Toyokura et al. 199629)

Age range (years) n TMT-A TMT-B
Mean±SD (s) Significance test Mean±SD Significance test

20–29 91 66.9±15.4 NS
 NS

83.9±23.7 NS

NS

30–39 58 70.9±18.5 90.1±25.3
40–49 48 87.2±27.9 121.2±48.6
50–59 45 109.3±35.6 150.2±51.3
60–69 41 157.6±65.8 216.2±84.7

NS, not significant.
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a steering wheel, accelerator, and brake. Individual reaction 
speed, accuracy, inconsistency in reaction, impatience, 
carelessness, distribution of attention, ability to disperse 
concentration, bad habits in operating the steering wheel, 
and balance are assessed by a computer. The results are 
compared with those of age-matched healthy individuals and 
presented as a comprehensive assessment in the form of a 
five-point scale: 1, inferior; 2, slightly inferior; 3, appropri-
ate; 4, slightly excellent; and 5, excellent.

The SN test has features similar to those of the CRT, and 
the results are provided on a system-generated five-step scale 
normalized by age range. The SN value indicates driving 
aptitude. The SN involves a comprehensive set of driving 
aptitude scenarios with equipment that mimics the function-
ing of a vehicle. As shown in Fig. 1A, it can simulate driv-
ing conditions similar to those of a real car.34) Examinees 
drive the simulator, which mimics a city environment, as 
displayed in Fig. 1B. The machine is also equipped with a 
comprehensive experience tutorial mode (DS mode), which, 
among other factors, assesses the driving speed, the number 
of near misses/accidents, and the number of ignored signals/
signs while the subjects drive the course.

METHODS

The research design was a non-interventional, non-invasive, 
retrospective survey of medical records. Patient attributes 
(age, sex, and pathology), neuropsychological test results 
(TMT-A, TMT-B, RCPM, and MMSE), CRT comprehensive 
driving aptitude score (five levels), SN comprehensive driv-
ing aptitude score (five levels), and dangerous driving (traffic 
accidents/near misses) information from the SN (DS mode) 
were extracted from the medical records of the patients. 
Because cognitive function linked to frontal lobe function 
is considered important for judging whether a person is able 
to drive safely, analyses were performed using data from the 
CRT, the SN, and neuropsychological tests (horizontal layout 
TMT-A/B, RCPM, and MMSE). This study was conducted 
with prior approval from the Ethics Review Committee of 
Kawasaki Medical School (Approval No. 3893) and was 
supported by the Kawasaki Medical and Welfare Research 
Fund. Because this was a retrospective study and written in-
formed consent was not applicable, the opportunity to refuse 
participation in the study was guaranteed through opt out.

Statistical Analyses
JMP (version 16) statistical software (SAS Institute, Cary, 

NC, USA) was used for statistical analyses.

Analysis 1: Does the Comprehensive Driving 
Aptitude Score on a Driving Aptitude Test Reflect 
the Occurrence of Dangerous Driving (Traffic Ac-
cidents/Near Misses)?

The comprehensive driving aptitude score calculated by 
CRT/SN is an objective measure based on a five-point nu-
merical scale and it may be suitable as a simple indicator for 
fitness to drive for medical professionals unaccustomed to 
making such decisions; however, evidence for this supposi-
tion is lacking. Therefore, we examined here whether it is 
possible to predict (a) “traffic accidents (yes/no)” and (b) “be-
ing prohibited from driving (yes/no)” using a comprehensive 
driving aptitude score. We conducted χ2 tests to determine 
whether there was independence between the comprehensive 
aptitude test score and having a “traffic accident (yes/no)” or 
“being prohibited from driving (yes/no)”. “Being prohibited 
from driving” was defined as having caused five or more 
accidents (multi-accident drivers), more than five total near 
misses or accidents (would-be multi-accident drivers), or 
three or more accidents and no near misses (delayed-decision 
multi-accident drivers) during the DS. Discussions were held 
by a team consisting of two physiatrists, one occupational 
therapist, and one speech–language pathologist who were fa-
miliar with higher brain dysfunction and driving evaluation. 
The above criteria were formulated based on our empirical 
judgment.

Analysis 2: Predicting Traffic Accidents/Being 
Prohibited from Driving with Neuropsychological 
Tests

We attempted to predict (a) “traffic accidents (yes/no)” and 
(b) “being prohibited from driving (yes/no)” using neuropsy-
chological tests. The assessment of “traffic accidents (yes/
no)” and “being prohibited from driving (yes/no)” was based
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Fig. 1.  The Safety Navi (SN) test. The SN testing equipment 
(A) and city street driving (DS mode) replay screen (B) used
to simulate driving.
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on data obtained from a driving session in which patients 
used a DS.

(a) Predicting “traffic accidents (yes/no)” based on neuro-
psychological tests

We performed backward stepwise logistic regression 
analysis with “traffic accidents (yes/no)” as the target vari-
able and neuropsychological test results and age as predictor 
variables.

(b) Predicting “being prohibited from driving (yes/no)”
based on neuropsychological tests

We performed backward stepwise logistic regression 
analysis with “being prohibited from driving (yes/no)” as the 
target variable and neuropsychological test results and age as 
predictor variables. We used a receiver operating character-
istic (ROC) curve analysis to determine accuracy.12) Cutoff 
values were indicated as the area under the curve (AUC).

RESULTS

Analysis 1: Does the Comprehensive Driving 
Aptitude Score on a Driving Aptitude Test Re-
flect the Occurrence of Dangerous Driving?

Tables 3 and 4 show the χ2 test results for the relationship 
between having a traffic accident or being prohibited from 

driving in the DS and the comprehensive driving aptitude 
score on CRT/SN using 5×2/3×2 contingency tables. In the 
DS mode of the SN, the number of subjects who met with 
driving accidents was 30 ([1]), and the number of subjects 
determined to be prohibited from driving was 13 ([2]). No 
significant correlation with dangerous driving was observed 
for the comprehensive driving aptitude score in any of the 
tests (CRT: [1] Pearson p=0.12, [2] Pearson p=0.63, n=34 
[Table 3]; SN: [1] Pearson p=0.62, [2] Pearson p=0.38, n=34 
[Table 4]).

Analysis 2: Predicting Traffic Accidents/Being 
Prohibited from Driving Using Neuropsycho-
logical Tests

Stepwise logistic regression with “traffic accidents (yes/
no)” as the target variable and TMT-A/TMT-B/MMSE/
RCPM/age as predictor variables did not reveal any sig-
nificant factors. However, stepwise logistic regression with 
“being prohibited from driving (yes/no)” as the target vari-
able and TMT-A/TMT-B/MMSE/RCPM/age as predictor 
variables revealed that RCPM alone was a significant factor 
(odds ratio: 0.695, 95% confidence interval: 0.526–0.919; 
Table 5). The model’s goodness-of-fit was evaluated using 
ROC curve analysis, which demonstrated a cutoff value of 28 
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Table 3.  Contingency tables (2 × 5) for the Metropolitan Police Department Driving Aptitude Test (CRT) comprehensive 
driving aptitude score (n=34)

[1] Accident +/− [2] Prohibited from driving +/−
+ – Sum + – Sum

Driving aptitude by CRT 1 2 2 4 1 3 4
2 10 1 11 5 6 11
3 7 0 7 4 3 7
4 6 1 7 2 5 7
5 5 0 5 1 4 5

Sum 30 4 34 13 21 34
[1] P=0.1184 using Pearson's correlation coefficient.
[2] P=0.6304 using Pearson's correlation coefficient.

Table 4.  Contingency tables (2 × 3) for Safety Navi test (SN) comprehensive driving aptitude score (n=34)

[1] Accident +/− [2] Prohibited from driving +/−
+ – Sum + – Sum

Driving aptitude by SN 2 5 0 5 3 2 5
3 15 2 17 7 10 17
4 10 2 12 3 9 12

Sum 30 4 34 13 21 34
[1] P=0.6236 using Pearson's correlation coefficient.
[2] P=0.3762 using Pearson's correlation coefficient.
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points and an AUC of 0.85. The original cutoff for dementia 
for the RCPM test is 24 points.29)

DISCUSSION

The current study suggests that the standards for driving 
permission for individuals with dysfunction of higher-order 
brain function should focus on whether the driver in question 
has a higher probability of causing a traffic accident than a 
driver with normal levels of cognition. A comprehensive 
driving aptitude score measured using a driving aptitude 
test may be suitable as a simple indicator of fitness to drive 
for medical professionals with limited experience in making 
such decisions. However, there are no studies investigating 
whether this is truly relevant as an indicator of the risk of 
causing a traffic accident. Therefore, in Analysis 1, we in-
vestigated whether the comprehensive driving aptitude score 
on a five-point scale measured using two different driving 
aptitude tests could predict the probability of causing a traf-
fic accident and/or being prohibited from driving in the DS. 
However, no significant relationship was observed between 
causing an accident and/or being prohibited from driving in 
the DS and the comprehensive driving aptitude score mea-
sured by either test. In other words, these results demonstrate 
that predicting dangerous driving, including accidents using 
a comprehensive score, is challenging; consequently, using a 
simple aptitude score to determine fitness to drive is not rec-
ommended. The comprehensive driving aptitude score cal-
culated for this analysis thoroughly reflects brain function, 
including motor skills, cognition, and emotions.32) While 
the aptitude score may be a useful standardized indicator 
of driving skills, calculating a score that comprehensively 
includes a multitude of non-cognitive elements may result in 
underestimating reduced cognitive function. Notably, hav-
ing a high average score for the various functions required 
for driving will not prevent accidents. In reality, the risk of 
a traffic accident increases if even a single item drops below 
the cutoff value. Therefore, it is essential not to be misled by 
the comprehensive driving aptitude score; rather, it is perti-
nent to emphasize the appropriate interpretation and applica-
tion of subscales underpinning this score when determining 

fitness for driving.
Our study also focused on the use of neuropsychological 

tests, which are widely used in the clinical setting and are 
quickly and easily administered, in an attempt to identify 
a test that can be used as a fast and easy indicator of fitness 
to drive in numerous clinical settings not equipped with a 
DS. No significant predictors of “traffic accidents (yes/no)” 
were found, but the RCPM was shown to be a useful test 
for predicting “being prohibited from driving (yes/no)”. The 
reason that no predictors of traffic accidents were found is 
that traffic accidents can occur even in healthy individuals, 
and it may have been difficult to detect them with a simple 
test such as the one used in this study.

Novel aspects of the present research include defining “be-
ing prohibited from driving” (i.e., individuals who should not 
be allowed to drive) with a focus on the number of traffic 
accidents in the DS, as well as the number of near misses 
immediately before potential accidents, in an attempt to 
determine whether an individual should be prohibited from 
driving based on simple neuropsychological tests. Moreover, 
RCPM, which was adopted to predict driving prohibition, 
has not to date reportedly been associated with driving avail-
ability, making this the first report of its kind. RCPM, which 
was identified as a predictor of “being prohibited from driv-
ing,” is generally considered to be a non-verbal intelligence 
test based on “spatial perception” and “analogical reason-
ing”.35,36) Because RCPM requires the ability to deductively 
reason the sequential relationships between figures, it is con-
sidered to reflect general intelligence, or the g factor,37) in the 
psychology of thinking.38,39) RCPM is recognized as a useful 
measure of intelligence in studies of children and healthy 
adults.40) While some have argued for cognitive models such 
as the computational cognitive model41) or the noncompu-
tational cognitive model,42) RCPM has been discussed in 
terms of the individual cognitive reasoning processes that 
mediate problem solving, rather than overall intelligence. For 
example, Carpenter et al.43) identified that RCPM measures 
the “ability to induce abstract relations” and the “ability to 
dynamically manage a large set of problem-solving goals 
in working memory.” In this context, the current results 
can be interpreted as indicating that individuals prohibited 
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Table 5.  Data summary of stepwise logistic regression with "being prohibited from driving (yes/no)" as the target variable 
and RCPM as the predictor variable (n=34)

Variable Coefficient Standard error Wald χ2 P value Odds ratio 95% CI
Intercept 9.697 3.941 6.054 0.014 - -
RCPM –0.364 0.142 6.530 0.011 0.695 0.526–0.919
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from driving are unable to abstractly induce problems with 
their own driving, recognize these problems, and resolve 
their dangerous driving behaviors, resulting in repeated near 
misses or accidents. Furthermore, the unaccountable error 
(one of the error patterns in RCPM) is highly correlated with 
the intelligence quotient, which may reflect abstract reason-
ing/problem-solving ability.44) Additionally, Gainotti et al. 
reported that an error similar to the unaccountable error is 
an indicator of the degree of dementia in patients in the ex-
amination of RCPM in Alzheimer’s disease/cerebrovascular 
dementia.45) That article suggested that the unaccountable 
error is not directly correlated with “visuospatial factors” 
alone, which indirectly suggests that “being banned from 
driving” in our current study is not simply caused by a 
decline in visual cognitive function. Because we could not 
analyze the patterns of undesired RCPM responses in this 
study, the aforementioned is only an inference and must 
be validated in future studies. Moreover, if the RCPM is 
significantly affected only by visual and spatial higher brain 
processing, we would expect patients with right hemisphere 
damage to perform worse than those with left hemisphere 
damage. However, there are reports that RCPM results are 
worse in subjects with left hemisphere damaged.46,47) We 
suspected that this finding indirectly indicated that the 
RCPM test is not affected only by visual and spatial higher 
brain processing. Accordingly, we speculated that a decline 
in RCPM score might be an indicator of repeated dangerous 
driving caused by a decline in logical thinking ability as well 
as spatial cognition. However, in the current study, we did 
not examine the effects of left–right lesions. We would like 
to investigate this in a future study.

In this study, “being prohibited from driving” refers to a 
state in which a person cannot abstractly or comprehensively 
understand the dangers associated with driving and cannot 
link these dangers with the avoidance of dangerous driving, 
and that RCPM may be used as a simple detection method for 
this condition. It has become clear that cognitive dysfunction 
in many areas affects driving, and the usefulness of various 
neuropsychological tests has been verified, but the accu-
racy of predicting performance in actual vehicle evaluations, 
which is considered the gold standard, is generally limited to 
about 60–80%.22,48–50) Consequently, although it is not pos-
sible to make accurate judgments on whether a person should 
be allowed to drive based exclusively on RCPM test results, 
we believe that we have identified an approach that could 
indicate, to some extent, whether it would be dangerous for 
someone to drive. Moreover, the proposed assessment is time 
efficient and can be performed with limited resources.

Several limitations of this study should be noted: (1) this 
study was a retrospective survey of medical charts, (2) there 
were many missing values and few data that could be used for 
analysis, (3) it remains unclear whether the accidents mea-
sured using the off-road DS reflect actual traffic accidents; 
and (4) although it was possible to exclude cases in which DS 
evaluation could not be completed because of unequivocal 
simulator sickness, it is unclear how many mild cases were 
included in these data. Nevertheless, the results provide use-
ful information that will contribute to the development of 
future screening tests.

We list several issues for consideration as we move for-
ward in our research. The Stroke Driver Screening Assess-
ment (SDSA) is a battery of four established subtests used 
to predict the driving ability of stroke survivors, and if all 
four subtest scores are above the cutoff value, the accuracy of 
predicting whether a person can drive is greater than 80%.51) 
Since the Japanese version (J-SDSA) has become available, 
it has been used frequently in clinical settings in Japan. 
However, because it was not included in this study, it will be 
necessary to include SDSA as a predictor variable in future 
research.

Simulator sickness is considered to arise from the differ-
ence in driving sensation between an actual vehicle and the 
simulator. Such differences largely result from visual issues 
(difference between actual vision and image) and movement 
problems (difference between actual vehicle acceleration 
and simulator acceleration) and may trigger unusual sensa-
tions. In recent years, visual problems have been resolved 
with advances in image-processing technology that use 
high-definition and high-speed computer graphics images 
with a full-view dome screen.52) With regard to kinetic is-
sues, attempts have been made to reduce discomfort by 
enlarging the size of the simulator and expanding the range 
of motion.53) However, the SN used here lacked the above-
mentioned functions, and simulator sickness occurred; there-
fore, the fundamental capabilities of the SN may have been 
obscured. In the future, it will be necessary to introduce the 
latest driving simulator technology and to enhance predic-
tion accuracy by increasing the sample size and utilizing a 
prospective research design. Additionally, collaboration with 
police stations and driving schools to investigate correlations 
with an evaluation of actual driving skills will be necessary. 
A follow-up study on the actual status of accidents caused 
when patients resume driving after medical investigations/
interventions is also needed. When fully automated driving 
systems are implemented in the future, patients with higher 
brain dysfunction will be able to enjoy transportation by car 
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unless they have very severe cognitive decline. However, the 
development of fully automated vehicles and related relevant 
infrastructure and laws is not expected in the near future. 
Until society reaches that point, an appropriate assessment 
of driving ability will be required.

Data Availability

The authors confirm that the data supporting the findings 
of this study are available upon request.
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