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Purpose: In this study, we investigated the effect of visual and cognitive functions of elderly 
taxi drivers on safe driving behavior. We aimed to identify factors that interfere with safe 
driving in an aging Korean society in elderly taxi drivers.
Participants and Methods: A total of 203 elderly taxi drivers, aged >65, working at 3 
companies in a single city were assessed over 4 weeks from December 1 to December 30, 
2017, using the Motor-Free Visual Perception Test, Korean Montreal Cognitive Assessment, 
and Korean Safe Driving Behavior Measure. To examine the effects of cognitive and visual 
functions on driving behavior, we performed a stepwise multiple linear regression analysis 
(p<0.05).
Results: All 4 subdomains of safe driving behaviors were significantly correlated with the 
cognitive subdomains of attention and abstraction and the visual perception subdomains of 
visual closure 1 and figure-ground.
Conclusion: More systematic assessments of the relationship between driving behavior and 
cognitive and visual function in elderly individuals are needed.
Keywords: elderly, safe driving behavior measure, taxi driving, driving, cognitive function

Introduction
The drivers’ cognitive abilities have a significant relationship to safety perfor-
mance, such as attention, visuospatial skills, executive function, memory and 
psychomotor skills.1 In previous Research has consistently shown that older indi-
viduals with cognitive decline and those with cognitive impairment exhibit sig-
nificantly poorer driving performance than other drivers.2

Researchers have underlined the need for clinicians, family members, and 
people with mild cognitive impairment (MCI) to watch for changes in driving 
that may become increasingly problematic over time.3

The Korean population is rapidly aging, with older adults (>65 years) expected 
to compose 14.3% of the population in 2018 and 41.0% in 2060, which has led to a 
need for elderly welfare policies in South Korea.4 With the increasing elderly 
population, there has been a concurrent increase in the number of accidents invol-
ving older drivers over the past 5 years: according to Korean Road Traffic Authority 
data, there were 15,190 cases in 2013, 17,590 in 2014, 20,275 in 2015, 23,063 in 
2016, and 24,429 in 2017. Through May 2018, the number of driving accidents 
involving senior drivers increased by about 5.9% compared to the corresponding 
number in 2017.

Among commercial automobile accidents in 2016, those involving taxis 
accounted for the largest portion, at 44.5%. Around 12.4% of these taxi accidents 
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took place between midnight and 2 AM, 50.4% were due 
to a lack of adherence to safe driving responsibilities: 
failure to secure a safe distance (13.7%), disobedience of 
traffic signals (12.4%), and failure to adhere to cross-sec-
tion passing regulations (6.3%). In most cases (83.1%), the 
offender had obtained their taxi license over 15 years prior, 
while the age of the offender was led by the group aged 51 
to 60 years at 43.0%, followed by group aged over 65 
years.5 Driving autonomy has increased the scope of 
movement and activity for elderly individuals and plays 
an important role in maintaining their social networking 
capabilities and independence.6 Lower mobility ultimately 
lowers the well-being of elderly adults. Additionally, in the 
case of elderly taxi drivers, their vehicle dependent mobi-
lity is closely tied with their economic livelihoods. This 
link highlights the need for clear standards for driving 
evaluation and associated legal regulations.

Driving is a complex activity requiring the simultaneous 
completion of numerous tasks, and always carries the risk of 
an accident, which is influenced by the cognitive and deci-
sion-making abilities of the driver.7 Often, elderly indivi-
duals give up driving in favor of public transit. However, the 
use of public transit can be a major hindrance to participat-
ing in various hobbies and social activities for elderly indi-
viduals. To avoid accidents, drivers must be able to 
accurately assess their current situation while driving, and 
to make decisions based on that assessment. More specifi-
cally, safe driving can be defined as the accurate operation of 
the lighting, steering, and other devices of the vehicle, as 
well as the ability to avoid inflicting harm based on the 
traffic situation and vehicle structure and performance.8 

Objective evaluations of the physical abilities of elderly 
drivers (>65 years) using detailed driving aptitude tests 
have indicated that their body movements are much slower 
and more erratic than those of younger individuals, and they 
are slower to respond in obstacle dodging tests, committing 
more errors. Accordingly, elderly drivers are more likely to 
cause accidents or delays. Moreover, in driving simulator 
tests where the conditions are simulated to closely resemble 
those during actual driving the average driving speed of 
elderly drivers was much lower than that of younger drivers. 
Their reaction times in unexpected situations were also 
much longer, which led to a decrease in their abilities to 
respond to dangerous situations arising in a traffic scene.9

Studies have reported that the deterioration of visual 
perception in the normal process of aging is highly corre-
lated with problems in maintaining balance and daily 
activities in elderly individuals.10 Additionally, 

deterioration of visual perception due to age or neurologi-
cal problems can lead to difficulties in the cognition of 
objects and their spatial relationships, as well as problems 
with independent activities, task completion, and partici-
pation in leisure activities and hobbies.11 Visual perception 
has been confirmed to be an important factor for driving. 
Therefore, it is important to verify the adequacy of the 
visual perception abilities of elderly individuals for safe 
driving practices. Occupational therapists, generalists, and 
driving rehabilitation specialists (DRSs) alike can play a 
major role in identifying drivers at risk.12–14

Occupational therapists need to understand more 
clearly the nature of driving errors leading to crash-related 
injuries and adapt their driving evaluation practices 
accordingly that is, to identify, manage, and prevent such 
errors.15 Occupational therapists, especially those with 
advanced training, have the knowledge and skills to under-
stand progressive conditions and aging-associated changes 
that affect driving. Indeed, driving rehabilitation specia-
lists (DRSs) most of whom are occupational therapists 
have been recognized as the experts best equipped to 
evaluate older adults’ driving ability.16

Llamazareset al Research suggests that the results of this 
study suggest that commuting accidents involving profes-
sional drivers differ in demographic and situational issues 
from general and on-duty professional drivers’ traffic 
crashes.17 A number of previous studies have reported that 
experienced taxi drivers have superior spatial knowledge 
and wayfinding skills.18 The goal of this study was to 
examine the relationship among safe driving behavior, visual 
perception, and cognitive ability in a specific group of indi-
viduals who were confident in their ability to drive namely, 
elderly taxi drivers and identify factors interfering with safe 
driving at an older age. This study can be used as a reference 
for improving driving practices in elderly individuals.

Participants and Methods
Participants
This study was conducted in 203 taxi drivers, including 
elderly (>65 years) adults, working for companies A, B, 
and C in city P over 4 weeks from December 1 to 
December 30, 2017. We selected subjects who sufficiently 
understood the study objective and agreed to participate. 
To conduct research using surveys and assessment reports, 
all details of the study procedures were submitted to the 
Science Research Council of Inje University, which 
approved the study protocol. According to the 
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Declaration of Helsinki guidelines, the Ethics Committee 
of the affiliated Inje University approved this study, and all 
patients gave written informed consent.

Research Tools
Motor-Free Visual Perception Test 3 (MVPT-3)
The MVPT-3 was used to evaluate the participants’ visual 
perception ability independently of their motor ability. 
This standardized tool has high reliability and validity. In 
particular, the interrater reliability of this test ranges from 
0.77 to 0.83 with a correlation, r, of 0.81. In addition, it 
requires less time to complete compared to other tests.19 

The test is divided into the following 8 sections: visual 
discrimination, form constancy, visual short-term memory 
1, visual closure 1, spatial orientation, figure ground, 
visual closure 2, and visual short-term memory 2. There 
are a total of 65 items; for children younger than 10, only 
items 1–40 are used. Individuals over 11 years of age are 
instructed to answer items 14–65. These 51 items were 
used in the present study. Higher scores indicated better 
visual perception ability.20 In this study, each score of the 
MVPT-3 sub-area was individually calculated and statisti-
cally analyzed.

Korean Version of the Montreal Cognitive 
Assessment (MoCA-K)
The MoCA-K is used to identify patients with mild 
cognitive impairment. This test comprises 7 subscales, 
including visuospatial/executive (5 items), vocabulary (3 
items), attention (8 items), sentence repetition (3 items), 
abstraction (2 items), delayed recall (5 items), and orien-
tation (6 items). The total score of the scale ranges from 
0 to 30, with 1 point automatically given to participants 
with less than 6 years of total education to account for 
education-level-related differences in cognition. In this 
study, MoCA-K divided into 7 sub-areas, each score was 
calculated by area and statistically analyzed. The MoCA- 
K takes 10–15 minutes to complete. Much like in the 
Korean Mini-Mental State Examination (MMSE), cor-
rectly answering an item is awarded 1 point. The 
MoCA-K was developed as a more accurate measure of 
mild cognitive impairment compared to the MMSE, and 
uses a cutoff of ≤22 for mild cognitive impairment. The 
reliability (Cronbach’s α) of the MoCA-K at the time of 
tool development was 0.83.8 The MoCA-K also had 
good criterion validity, based on an r value of 0.65 
(P < 0.001) with the MMSE and 0.62 (P < 0.001) with 
the Clinical Dementia Rating scale.21

Korean Safe Driving Behavior Measure (K-SDBM)
The SDBM can be used as a reliable tool to assess older 
drivers’ safe driving behavior in occupational therapy 
practice. The K-SDBM is a translated version of the self- 
reported SDBM scale developed by Classen et al22. It was 
adapted during translation to suit Korean driving condi-
tions. The translation process included a reverse transla-
tion evaluation, which yielded a high reliability coefficient 
of 0.75. It comprises a total of 37 items, each scored based 
on the following answer options: very difficult (4), rather 
difficult (3), slightly difficult (2), and not difficult (1). In 
this study, each score is divided into four sub-areas (In a 
driving situation that requires attention, Fora general driv-
ing skill, In an external environment and weather, In terms 
of space and distance) in Section C of K-SDBM.23 It was 
calculated by area and analyzed statistically.

Data Analysis
All statistical analyses were conducted using PASW 
Statistics 23.0 (SPSS Inc., Chicago, IL). We used descriptive 
statistics to conduct a frequency analysis of the subjects’ 
general characteristics. To examine the effects of cognitive 
and visual functions on driving behavior, we performed a 
stepwise multiple linear regression analysis (p<0.05).

Results
Participant General Characteristics and 
Driving Experience
A total of 203 subjects were included (Table 1). All sub-
jects were male (100%), 94 were aged 60–64 (46.3%), and 
109 were aged 65–75 (53.7%). The most frequent educa-
tion level achieved (scored as graduation) was high school 
(107 subjects, 52.7%). The most common length of driv-
ing experience was ≥16 years (107 subjects, 52.7%). 
Employment was permanent for 117 subjects (57.6%) 
and non-regular for 86 subjects (42.4%). A majority (85, 
41.9%) of the subjects worked during daytime, 54 (26.6%) 
during nighttime, and 64 (31.5%) in day-night shifts.

Effects of Cognitive Function on Driving 
Behavior in Elderly Taxi Drivers
To investigate the effects of the cognitive subdomains 
(visuospatial/executive, vocabulary, attention, sentence 
repetition, abstraction, delayed recall, orientation) on driv-
ing behaviors, we performed stepwise multiple linear 
regressions using cognitive subdomains as the independent 
variables and the 4 driving behavior subdomains as the 
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dependent variables (Table 2). For “situations requiring 
awareness,” the sample regression equation (F=20.856, 
p<0.001) was statistically significant, and the explanatory 
power of the model was 17.3%, with a coefficient of 
determination value (R2) of 0.173. Among the cognitive 
function subdomains, only attention (β=0.334, p<0.001) 
and abstraction (β=0.221, p<0.000) showed significant 
effects on “situations requiring awareness”. The sample 
regression equation (F=14.394, p<0.001) for “general driv-
ing skills” was also statistically significant, with an expla-
natory power of 17.8% and R2=0.178. Among the 
cognitive function subdomains, only vocabulary (β= 
−.138, p<0.039), attention (β=0.315, p<0.001), and 
abstraction (β=0.261, p<0.001) showed significant effects 
on “general driving skills”. For “external environment and 
weather,” the sample regression equation (F=16.447, 

p<0.001) was statistically significant as well, and the 
explanatory power was 14.1%, with R2=0.141. Only atten-
tion (β=0.309, p<0.001) and abstraction (β=0.190, 
p<0.004) showed significant effects on “external environ-
ment and weather”. For “sense of space and distance,” the 
sample regression equation (F=13.596, p<0.001) was sta-
tistically significant, with an explanatory power of 12.0% 
and R2=0.120. Among the cognitive function subdomains, 
only attention (β=0.250, p<0.001) and abstraction 
(β=0.219, p<0.001) showed significant effects on “sense 
of space and distance”.

Effects of Visual Perception Function on 
Driving Behavior in Elderly Taxi Drivers
To investigate the effects of visual perception subdomains 
on driving behavior, we performed stepwise multiple lin-
ear regressions using visual perception subdomains as the 
independent variables and the 4 driving behavior subdo-
mains as dependent variables (Table 3). For “situations 
requiring awareness,” the sample regression equation 
(F=20.664, p<0.001) was statistically significant, and the 
explanatory power of the model was 29.5%, with 
R2=0.295. Among the visual perception subdomains, 
only visual closure 1 (β=0.288, p<0.001), figure-ground 
(β=0.322, p<0.001), visual closure 2 (β=0.177, p<0.019), 
and visual short-term memory 2 (β=−.129, p<0.047) 
showed significant effects on “situations requiring aware-
ness”. For “general driving skills,” the regression equation 
(F=13.352, p<0.001) was also statistically significant, with 
an explanatory power of 11.8% and R2=0.118. Visual 
closure 1 (β=0.270, p<0.001) and figure-ground 
(β=0.180, p<0.008) showed significant effects on “general 
driving skills”. For “external environment and weather,” 
the sample regression equation (F=40.094, p<0.001) was 
statistically significant as well, and the explanatory power 
was 50.4%, with R2=0.504. Visual short-term memory 1 
(β=−.218, p<0.001), visual closure 1 (β=0.359, p<0.001), 
spatial orientation (β=0.277, p<0.001), and visual closure 
2 (β=0.266, p<0.001) all showed significant effects on 
“external environment and weather”. For “sense of space 
and distance,” the sample regression equation (F=13.570, 
p<0.001) was also statistically significant, with an expla-
natory power of 11.9% and R2=0.119. Among the visual 
perception subdomains, only visual closure 1 (β=0.241, 
p<0.001) and figure-ground (β=0.218, p<0.001) showed 
significant effects on “sense of space and distance”.

Table 1 General Characteristics of the Subjects

Item Category N(203) Percentage 
(%)

Sex M 203 100
F 0 0

Age 60–64 94 46.3
65–70 109 53.7

Education None 0 0
Elementary 20 10.8

Middle 33 20.7

Hige 43 52.7
Junior college or higher 107 15.8

Years driven 1–5 20 9.9
6–10 33 16.3

11–15 43 21.2
>16 107 52.7

Employment 
type

Permanent 117 57.6
Non-regular 86 42.4

Working time Daytime 85 41.9
Night 54 26.6

Weekly and night shifts 64 31.5

Monthly 

salary(\)

50–100 97 47.8
100–150 84 41.4
150–200 11 5.4

>200 11 5.4

Confidence in 

driving

Very confident 189 93.1
Have confidence 14 6.89
Usually 0 0

Not confident 0 0

Very not confident 0 0
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Discussion
In the present study, we investigated the relationship 
between driving behavior and visual perception and cogni-
tive function of elderly taxi drivers, and found the effect of 
visual perception and cognitive function on safe driving 
behavior. Visual perception and cognitive abilities can have 
a profound effect on seniors’ ability to drive. Deterioration 
of function due to aging increases the risk of accidents in the 
elderly, and the record of serious injuries increases when an 

accident occurs. Therefore, the process of preventing acci-
dents and recognizing various state changes that affect safe 
driving performance by the elderly has important implica-
tions at the individual and social level.24,25

Among the many factors increasing the risk of a road 
accident are the characteristics of older age; ie, to drive 
safely, drivers require a minimal level of visual and audi-
tory ability, along with intact perceptual, cognitive, and 
executive functions.26 When we examined the effects of 

Table 3 Effects of Visual Perception Function on Driving Behavior in Elderly Taxi Drivers

Dependent Variables Independent Variables B SE β t R2

In a driving situation that requires attention (Constant) 39.245 1.650 23.787*** F=20.664*** 
R=0.295 

R2.280

Visual Closure 1 0.789 0.201 0.288 3.930***

Figure Ground 1.899 0.377 0.322 5.039***

Visual Closure 2 1.067 0.451 0.177 2.366**
Visual short-term Memory 2 −.743 0.371 −.129 −1.999**

Fora general driving skill (Constant) 31.451 0.508 61.896*** F=13.352*** 
R=0.118 

R2.109

Visual Closure 1 0.259 0.064 0.270 4.035***

Figure Ground 0.371 0.138 0.180 2.608**

In an external environment and weather (Constant) 13.278 1.498 8.864*** F=40.094*** 

R=0.504 
R2.492

Visual short-term Memory 1 −.872 0.239 −.218 −3.649***
Visual Closure 1 0.735 0.138 0.359 5.331***

Spatial Orientation 0.734 0.187 0.277 3.923***

Visual Short-term Memory 2 1.202 0.305 0.266 3.946***

In terms of space and distance (Constant) 24.064 0.476 50.595*** F=13.570*** 

R=0.119 
R2.111

Visual Closure 1 0.217 0.060 0.241 3.606***

Figure Ground 0.423 0.130 0.218 3.262

Notes: p**<0.05, p***<0.01.

Table 2 Effects of Cognitive Function on Driving Behavior in Elderly Taxi Drivers

Dependent Variables Independent Variables B SE β t R2

In a driving situation that requires attention (Constant) 32.287 2.336 13.822*** F=20.856*** 
R=0.173 

R2.164

Attention 2.113 0.409 0.334 5.173***

Abstraction 3.023 0.884 0.221 3.419***

Fora general driving skill (Constant) 32.793 2.101 15.608*** F=14.394*** 

R=0.178 

R2.166

Vocabulary −1.461 0.703 −.138 −2.078*
Attention 0.699 0.143 0.315 4.880***

Abstraction 1.253 0.319 0.261 3.927***

In an external environment and weather (Constant) 10.856 1.782 6.093*** F=16.447*** 

R=0.141 

R2.133

Attention 1.464 0.312 0.309 4.698***
Abstraction 1.944 0.674 0.190 2.884**

In terms of space and distance (Constant) 22.110 0.791 27.935*** F=13.596*** 

R=0.120 
R2.111

Attention 0.52. 0.138 0.250 3.754***

Abstraction 0.986 0.300 0.219 3.292**

Notes: p*<0.1, p**<0.05, p***<0.01.
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cognitive subdomains on driving behavior, we found sig-
nificant relations of attention and abstraction with all 4 
driving behavior subdomains. This result demonstrates 
that, among cognitive functions, attention and abstraction 
have especially large effects on driving in the elderly 
population. In future research, it will be necessary to care-
fully examine the roles of attention and abstraction in 
driving rehabilitation and assessment of elderly indivi-
duals. In the process of aging, perception, motor, and 
cognitive functions gradually deteriorate, which is a factor 
in continuing driving.27 Research has shown that the cog-
nitive domains of executive function, attention, visuospa-
tial skills, memory, and overall mental status are 
associated with the crash risk of older drivers who are 
experiencing age-related cognitive changes.28 In a study 
that studied road driving behavior in older drivers with 
mild cognitive impairment, MCI safe drivers had higher 
levels of attention, memory, and speech impairment, and 
MCI unsafe drivers had higher levels of space-time, 
executive function, and attention impairment.29

Driving simulator studies of older drivers have found 
that MMSE is highly predictive of driver safety.30 In this 
study, the MoCA-K evaluation tool was used for cognitive 
function, and the MoCA-K evaluation tool is an evaluation 
tool similar to MMSE, which measures mild cognitive 
impairment. As demonstrated in previous studies, 
MoCA-K is thought to be an appropriate tool for evaluat-
ing cognitive function related to driving performance of 
the elderly.

When we examined the effects of the visual perception 
subdomains on driving behavior, we observed significant 
relations of visual closure 1 and figure-ground with all 4 
driving behavior subdomains. Therefore, among the 
aspects of visual perception, visual closure and figure- 
ground have especially large effects on driving in the 
elderly population. Future studies will need to examine 
visual closure and figure-ground in more detail in the 
context of driving rehabilitation and assessment for elderly 
individuals.

In studying the relationship between driving confidence 
and driving behavior in drivers of different ages, Lee et al31 

reported that older drivers generally had more than 10 years 
of experience and therefore were likely to be confident in 
their driving abilities. Nevertheless, similar to our results, 
they found that aging adults experienced difficulty in driving 
conditions such as rain, snow, or heavy traffic, and sought to 
avoid these situations. Based on these findings, we predict 
that these weather and external environment factors will also 

be found to cause difficulties for professional drivers, and 
even more so for elderly drivers in general. Because reduced 
performance in visual closure and figure-ground can com-
plicate driving in conditions of poor visibility, such as in rain 
or snow, it is important to reduce the risk of accidents by 
avoiding driving when the weather or external environment 
cause difficulties. Previous studies that reported the driving 
behavior characteristics of elderly drivers also reported that 
elderly drivers tend to avoid driving at night or in rain.32,33 

Visual perception impairment due to elderly or damage to 
the central nervous system can cause problems with several 
behaviors (eg, standing straight and moving objects) as well 
as spatial cognition.34 Combining the results of the previous 
study and the results of this study, the elderly driver can 
conclude that he or she has the characteristics of being 
aware of an increase in operational risk when driving is 
difficult in certain driving conditions, such as at night or in 
bad weather. Therefore, it is important to use visual percep-
tion tests, particularly those including figure-ground assess-
ment, when evaluating driving ability in the elderly 
population.

To ensure traffic safety, clear solutions and regulations 
for elderly taxi drivers are required. Because elderly taxi 
drivers cannot abruptly cease driving without it having a 
significant effect on their livelihoods, in addition to other 
negative outcomes such as decreased quality of life, such 
solutions and regulations need to be developed without much 
delay. Methods to consider include the validation of various 
driving assessments, particularly those of driving behavior 
predictors, and restricting driving among older taxi drivers 
who have a high risk of accidents. Moreover, there is a need 
for more studies, analyzing a more diverse range of variables 
such as response speed and physical ability, along with 
visual perception and cognitive ability, in older individuals.

Limitation
The limitations of this study are as follows: first, the 
participants were limited to workers in the taxi transporta-
tion industry; therefore, the results cannot apply to all 
older drivers.

Conclusion
In the future, it will be important to conduct more systematic 
driving assessments, including in the areas of cognitive 
function and visual perception, in elderly individuals, and 
to continue research into institutional protection and appro-
priate interventions for elderly drivers.
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