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Abstract

With the increase of age, the cognitive ability and psychological flexibility of elderly drivers decrease, which will affect
their driving behavior. The purpose of this study is to explore the driving characteristics of the elderly by comparing the
driving behavior differences between 17 young drivers and 16 elderly drivers and then examine the effectiveness of cognitive-
behavioral therapy (CBT) in driving training for the elderly through a randomized controlled experiment (RCT). Young
drivers and elderly drivers were divided into the control group (CG) and intervention group (IG). The CG received routine
driving training, and the IG received cognitive-behavioral training. During the experiment, we measured driving skills, cog-
nitive load, emotional state, and eye movement data. Results showed that elderly people have poor driving performance and
mental flexibility, but they can adopt conservative compensation measures to adapt to driving tasks. In addition, compared
with the CG, the acceleration of the IG group decreased, and IG group showed more positive emotional state. Analysis of
eye-movement data also showed that CBT was more effective at improving visual attention and risk perception in elderly
adults. In conclusion, driving training based on CBT can improve the driving skills and emotional state of the elderly better
than conventional training. Future studies should consider applying this method in driving training for the elderly to enhance
their cognition of driving behavior.
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1 Introduction drivers in China, and according to the latest data on motor
vehicles and drivers in China for 2020 released by the Road
Traffic Administration of the Ministry of Public Security,

the total number of motor vehicle drivers in China reached

As the population ages, the number of elderly drivers is also
increasing. An aging society has a profound impact on road

traffic safety and has become an increasingly important topic
in research (Ji 2015; Rhiu et al. 2015). According to statis-
tics, there were 45.2 million drivers aged 65 or older in the
US in 2018, up 40.1 percent from 2008, and 86 percent of
senior citizens chose to drive (Federal Highway Administra-
tion 2018). There is a similar trend for the number of elderly
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456 million by the end of 2020, accounting for 3.36 percent
of drivers over 60 years of age according to age distribution
(data released by the Traffic Administration of the Minis-
try of Public Security in January 2021). Moreover, start-
ing on 20 November 2020, China relaxed the age limit for
small car driver's license applications and lifted the age limit
to 70 years old. However, older people have an increased
risk of being injured or killed in a traffic crash compared
to younger people as they get older (Papa et al. 2014). The
causes of car accidents are usually related to the cognitive
decline and attention dispersion of the elderly. Previous stud-
ies (Adrian et al. 2011; Kaneko et al. 2021) reported that
cognitive decline in older adults leads to reduced processing
speed, attention, and executive function, which can affect
their safe driving. For example, Bélanger et al. (2010) found
it is harder for the elderly to start multiple vehicle control
devices simultaneously than the young. Accidents requiring
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multiple synchronized reactions (such as overtaking, pedes-
trian crossing, and vehicle intrusion) will lead to higher traf-
fic accident rates in driving simulators for the elderly. At the
same time, the driving level of the elderly in different age
groups also varies greatly. Stutts et al. (2009) report analysis
showed that drivers over 70 years old are more vulnerable
to traffic accident risk than drivers between 60 and 69 years
old. They pointed out that the driving risks of the elderly
usually include complex visual search and rapid processing
of multiple information in the case of distraction. However,
the visual search ability and information processing speed
of elderly drivers are significantly worse than those of young
drivers. Fortunately, it has been proven (Seidler et al. 2010;
Lee et al. 2020) that the elderly can be trained to improve
cognitive processes (e.g., attention control, memory, and
processing speed). Driving can promote the physical and
mental health of the elderly. More and more elderly people
are engaged in driving activities. At present, researchers
have shown great interest in developing ways to improve
driving skills and reduce the risk of traffic accidents, trying
to help the elderly drive safely through simulated driving
training (Nouchi et al. 2019).

1.1 Improving driving ability through game
training

Game-based training is a new method for professional train-
ing and scene simulation using game mechanisms and game
thinking. Sue et al. (2014) found that using driving games
helps reduce traffic accidents and applies to the elderly, rep-
resenting the latest trend in the development of driving train-
ing. Intel Laboratory jointly developed CARLA with Toyota
Research Institute and Barcelona Computer Vision Center to
support the development, training, and validation of urban
autonomous driving systems (Dosovitskiy et al. 2017).
CARLA is flexible and authentic in rendering and physi-
cal stimulation and can create open-source digital resources
for autonomous driving (including urban layout, buildings,
and vehicles), combined with driving games and simulating
traffic events, helping to train more complex scenes (Pappas
et al. 2021).

Cognitive training based on the driving simulator can
improve the driving skills of the elderly (Casutt et al. 2014).
Participants can conduct simulation training through simu-
lators and receive feedback promptly to help correct errors
in driving. In addition, the driving simulator can also help
participants to conduct hazard perception training and alle-
viate the distraction. For example, Milleville-Pennel and
Marquez (2020) used driving simulators to build traffic sce-
narios to study differences in risk perception among different
populations by allowing participants to respond to different
scenarios. Petzoldt et al. (2013) showed that participants
are quicker to spot danger and more flexible in visual search
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after driving training. In addition, the simulation platform
can provide signals to reflect user driving strategies, such
as GPS coordinates, speed, acceleration, and detailed data
on collisions and other violations (Dosovitskiy et al. 2017).
These indicators can measure changes in drivers' driving
ability. For example, Ting et al. (2008) showed that the driv-
ers' speed, acceleration, and steering wheel acceleration
will change to a certain extent in fatigue driving. Similarly,
these data can be obtained through driving simulators as
a basis for measuring participants' driving proficiency and
psychological flexibility and further assessing the impact of
different driving training methods on participants' driving
performance (Roenker et al. 2003).

In addition, Likitweerawong and Palee (2018) used VR
serious games for driving training, arguing that virtual real-
ity games can help players gain confidence and driving
skills. Similarly, Nouchi et al. (2016) found that game-based
driving training can improve participants' emotional states.
However, the current driving training games are designed for
young people, there are relatively few studies on the inter-
vention of elderly driving cognition. Therefore, it is nec-
essary to further understand whether driving-related game
training can improve the emotional state of the elderly, and
explore the relationship between driving training, emotional
state, and driving ability, to evaluate the effectiveness of
driving training in the elderly.

1.2 Effect of cognitive behavior therapy on driving
emotion

Cognitive behavioral therapy (CBT) with psychological
intervention as the core can improve negative emotions,
reduce drivers' negative symptoms, and correct driving
behavior. Grant et al. (2018) indicated that CBT is designed
to help patients achieve valuable desires and maintain posi-
tive attitudes and that positive motivation and interpersonal
communication are strengthened through the cooperation
of the therapists with patients, leading to immediate goals
related to behavioral activities. In addition, using simulators
to provide real experiences can be used as exposure therapy,
which is a common way for CBT to improve negative emo-
tions in driving training (Trappey et al. 2020; Fischer et al.
2021). Negative emotions are the main reason for drivers'
dangerous driving. With the decline of cognitive ability,
the elderly is more likely to have negative emotions such
as depression and anxiety, thus affecting their normal driv-
ing. CBT can change psychological problems by changing
patients' views and attitudes towards themselves or things,
which is also applicable to the elderly with cognitive decline.
In past research, cognitive behavior training has been applied
in the field of elderly driving (Ball et al. 2010). They found
that cognitive speed processing and reasoning training can
effectively reduce the frequency of motor vehicle collisions
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among elderly drivers. Hu et al. (2013) found through exper-
imental investigation that negative emotions would destroy
drivers' rational judgment and affect drivers' driving behav-
ior through risk perception and risk attitude. For example,
when people are unhappy, they would try to get rid of this
state, so they usually choose higher risk driving behavior
(Hocey et al. 2000). But relevant research (Deffenbacher
2016; Feng et al. 2018) proved that cognitive interventions
can encourage drivers to use positive cognitive strategies to
improve negative emotions and misbehaviors.

Kogan et al. (2001) showed that cognitive-relaxing inter-
ventions have been effectively applied to reduce driving
anger and stabilize the driver’s emotional state. Molloy et al.
(2019) verified that the two training methods based on cog-
nitive behavior, “comprehensive feedback™ and “self-expla-
nation”, are effective in improving driver speed manage-
ment behavior through auditory alarm feedback (speeding
alarm), comprehensive feedback (providing speeding times
and corresponding penalties) and self-explanation (asking
to explain their performance in speed management to them-
selves). In addition, Zinzow et al. (2018) conducted virtual
reality exposure therapy and cognitive behavioral interven-
tion (VRET + CBT) for veterans. By simulating real driving
scenarios and behavioral perception combined interventions,
the driving-related anxiety and aggression of veterans were
alleviated, which proved the feasibility of the intervention.
Baker-Ericzén et al. (2021) combined CBT with other cogni-
tive enhancement strategies, including identifying anxious
or negative thoughts and turning them into positive rational
thoughts, emotional awareness and management skills, and
practicing behavioral skills through graded progressive con-
tact. The feasibility and acceptability of driving cognitive
behavioral intervention (CBID) were investigated by enhanc-
ing driving executive function (EF) and emotion regulation
(ER). The results show that CBID can affect autistic peo-
ple's pursuit of driving goals by increasing driving attitude
and behavior and reducing anxiety. Although these data are
encouraging, their universality is limited, and the application
of CBT in elderly drivers needs to be examined further. In
addition, it is necessary to distinguish emotion regulation-
focused CBT from other driving training techniques, such
as driving norm training and use it as a method of driving
emotion management in the future.

1.3 Research questions

At present, the application of CBT in the field of driving
training is mainly concentrated in the young and middle-
aged groups, but there are few studies on the acceptability
and effectiveness in the elderly driver groups. However,
the application of CBT in elderly drivers deserves further
exploration. To determine whether their driving habits and
cognitive load are different from those of young drivers, and

to provide theoretical support and specific programs for the
subsequent promotion of cognitive training in driving behav-
ior among older drivers. To evaluate the training effect, we
used road simulation driving to analyze participants' driv-
ing skills, visual search, and emotional state, to study the
applicability of CBT in the elderly (over 55 years old) from
these three dimensions. We aimed to answer the following
questions:

e RQI: Are there any differences in driving skills, cog-
nitive load, and visual search between the elderly and
young people during driving? What are the implications
of this difference for the subsequent application of CBT
in older drivers?

e RQ2: What is the training effect of CBT compared with
ordinary simulator training?

e RQ3: How does CBT as an adjunctive training approach
change the driving behavior of the elderly compared with
young people?

2 Method
2.1 Study design

This study used a randomized controlled trial (RCT) to
stratify the subjects according to age. The young group and
the elderly group were randomly divided into four groups,
the control group (CG) used the ordinary driving simula-
tion training method, and the intervention group (IG) com-
bined CBT for driving simulation training. The t-test, vari-
ance analysis, and factor analysis were used to explore the
influence of CBT on driving training of the elderly. This
experiment had five independent variables: average speed,
acceleration, driving emotion, cognitive load, and eye gaze.
The main result was driving skill, which was measured by
performance on the driving simulator and the eye gaze dura-
tion during driving. The faster the driving speed was, the
smaller the acceleration was, and the more skilled and stable
the driving was. Eye gaze duration was used to evaluate the
flexibility of visual search and the perception of danger. The
secondary results were cognitive load and emotional state.

2.2 Participants

Thirty-three experienced drivers were invited to partici-
pate in this study. They had normal vision and no cogni-
tive impairment. The young group consisted of 17 people
(13 males and 4 females), aged 22-26 years (M =23.35,
SD =1.41), and the elderly group consisted of 16 people
(7 males and 9 females), aged 55-70 years (M =64.19,
SD =4.59). Young members were recruited from Zhejiang
Sci-Tech University, and elderly members were recruited in
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communities near the school. They had been studying driv-
ing at a nearby driving school and had just got their licenses.
They were volunteers and were told the specific process of
the experiment. Participants were randomly assigned (they
did not know whether they were in the intervention group or
the control group). Table 1 presents the baseline character-
istics of all participants. There was a significant difference
in driving speed between the two groups of elderly on urban
streets (p <0.05). In addition, there were no significant dif-
ferences in other variables (p > 0.10) (t-test of two independ-
ent samples).

2.3 Apparatus
2.3.1 Subjective assessment scale

We selected the Multidimensional Driving Style Scale to
evaluate the driving style of different groups (Taubman-Ben-
Ari et al. 2004). The questionnaire included 25 questions:
participants' personal information (age, gender, education
level, driving age) and 20 questions about illegal driving
behavior, wrong behavior, and wrong behavior. The higher
the score, the more dangerous the driving. In addition, the
task load index (NASA-TLX; Hart and Staveland 1988) and
Profile of Mood States (POMS; Xianglong et al. 2018) were
used to evaluate drivers' cognitive load level and emotional
state during driving. Furthermore, this experiment improved
the original emotional state scale (Aluoja et al. 1999), meas-
uring the driving emotions of participants from four dimen-
sions tension, anger, depression, and energy, and evaluated
whether CBT could effectively improve the negative emo-
tions of participants in the driving process.

All the questions in the questionnaire were completed in
collaboration to ensure a clear and correct understanding of
the problem.

2.3.2 Driving simulator and Tobii Glasses

The study was conducted in a driving simulator (Reich
etal. 2017; Pv 2021), We used the Unreal Engine 4 (UE4)
software to build driving scenes, combined with the Car-
Sim vehicle dynamics model and Logitech G27 force-
feedback steering wheel pedal set, to simulate driving and
provide real input behavior to control the simulated vehi-
cle. The virtual environment was displayed on a 32-inch
LCD monitor (Fig. 1). The driving simulator could collect
the speed of the driving process in real-time, which was
convenient for subsequent analysis.

For eye tracking, a Tobii Pro Glasses 2 wearable eye
tracker with a sampling rate of 100 Hz was used in this
experiment. Tobii Pro Lab software was used to extract
original data and analyze visual information, such as par-
ticipants' fixation area, fixation count, the average duration
of fixation, etc. (éegovnik et al. 2018).

Fig. 1 Driving simulator

Table 1 Baseline characteristics
by age and training method

22-26 years (n=17)

55-70 years (n=16)

(n=33) CG (n=9) IG (n=8) pvalue CG(n=8) IGn=38) p value
Mean SD Mean SD Mean SD Mean SD
Age (years) 2378 1.39 2388 1.89 0091 62.75 5.52 65.63 3.16 0.23
Driving behavior (score) 19.22 10.81 17.88 846 0.78 9.38 526 9.63 2.83 091
Urban speed (km/h) 46.51 10.82 4320 597 0.46 21.61 3.17 27.04 4.84 0.02*
Urban acceleration (m/s?) 543 142 570 163 0.72 358 1.06 459 137 0.12
Suburban speed (km/h) 62.44 8.74 57.70 10.79 0.33 4795 7.73 50.54 5.24 0.45
Suburban acceleration (m/s?2) 6.94 2.11 746 1.77 0.59 6.2 2.15 563 1.5 0.55

Group comparison (two sample t-tests) of pre-training scores revealed there was no significant difference in
other measurements (p >0.10) except urban speed (p <0.05)

CG control group; IG intervention group (combined with cognitive behavioral therapy)
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2.3.3 Test and correct misconceptions (cognitive
reconstruction)

Before the experiment, it is the first step of CBT to estab-
lish a good cooperative relationship with the participants
in the IG and ease their tense emotions. Then selected
part of the test questions in the domestic driving license
subject one as the interview content (Fig. 2) to test the

Before changing lanes, which of the following actions must you do?

Make sure there is enough space for you to change lanes in the lane
you want to enter

| Look in the rearview mirror and blind spot to see if there are other
road users

Signal your intentions

O

] Look only at the road ahead

If you are driving in a circular road and there is a large vehicle around,
which of the following actions should you do?

| Leave room for large vehicles
["1 Drive behind large vehicles, not side by side
[] Side by side with large vehicles. not behind them

7] Active avoidance

How can drivers share roads safely with pedestrians?

"1 Pay attention to all road users and make room for them
[] Carefully scan around the roadside and intersections
[} Go through the intersection quickly

[[] Slow down in areas where pedestrians or cyclists may approach

What happens when the speed of the vehicle increases?

I'he vehicle will take longer to stop
71 It is more difficult for the driver to control the vehicle
1 It is more difficult for drivers to find potential hazards in time

] Drivers are more likely to avoid danger

Fig.2 Examples of interview questions

participants' misconceptions. Through scene display and
reminders, participants are encouraged to enter real or
imagined situations, so that they can think about the way
the wrong driving concept works, and finally make the
right choice and explain the reasons for this choice. Test-
ing and correcting misconceptions can help participants
recognize their dangerous driving behaviors, correct them
in time, and rebuild new cognition.

What should you do when turning on a road in a mountainous area?

[] The driver should slow down

[C] The driver should pay attention to the condition of the rearview
mirror

[[] The driver can turn at the same speed

[[] The driver needs to honk to signal the opposite vehicle

How will road construction, green landscape and vehicles parked
near intersections increase risks?

["] They make other road users overconfident

[] They will increase the number of pedestrians and cyclists passing
through the intersection

[C] They will block the driver's vision

[C] They make intersections easier

Why is it important to stop behind the stop line at a red light?

i

1 Convenient for pedestrians
[7] The turning radius of large trucks is large
[] Large trucks approach when turning into narrow streets

[T] If you exceed the stop line. the steering truck may collide with you

Why is fatigue driving so dangerous?

[] The driver's reaction will be slower

["] Drivers pay less attention to other drivers' behaviors

[[] The driver's judgment declines and his vision becomes dull

[_] The driver's vision is blurry and he can't find the danger in time
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2.3.4 Driving scene design (behavioral modification)

Set up test scenarios and training scenarios. The I1G used
specific training scenes to simulate real driving situations
to consolidate new cognitive structures and then asked them
to carry out driving activities in the test scenes according to
these new cognitive structures. The participants in the CG
did the same training in the scene without word intervention,
then they also did the driving test in the test scene after the
training. The test and training scenarios are as follows:

2.3.4.1 Test scenario There were two different scenes,
urban streets and suburban roads (Fig. 3). Participants drove
on urban streets and had to choose the right route from
the urban streets to the suburbs. The roads in urban were
crowded, which implied more complex driving situations;
The roads in suburban were less restrictive, but they were
undulating and curved. The speed of participants in differ-
ent scenarios can be used as an indicator of self-regulation

behavior, and the acceleration at braking can reflect the par-
ticipants’ ability to deal with danger.

2.3.4.2 Training scenario The training scenario of the CG
(see Fig. 4a), required participants to follow traffic light rules
during simulated driving and avoid passing vehicles by con-
trolling the brake, accelerator and steering wheel. The train-
ing scenarios of the IG (Fig. 4b, ¢ and d) are shown in the
text reminder based on the CG. The intervention measures
are as follows: when passing the intersection, if there are
pedestrians, the reminder “pedestrians passing” was trig-
gered (Fig. 4b); When the left lane is changed, the steering
wheel rotates to trigger the reminder of “Pay attention to the
rearview mirror” (Fig. 4c); When the road distance from the
vehicle in front is too small, the trigger will remind “there is
a vehicle ahead” (Fig. 4d). The text appears for 1 s. Without
affecting normal driving, participants' cognition of driving
behavior was deepened through intuitive text intervention.

Fig.4 Map of the Scenario management of critical event: control group: no text intervention (a). Pedestrian event (b). Turn left event (c). Keep

distance event (d)
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2.4 Procedure

The experiment was conducted separately in a quiet
place. Before the experiment, explain the research pro-
cess to each subject, and sign the informed consent form
after obtaining consent. Then, we used SPMSQ to screen
and evaluate the psychological status of the subjects and
screened out the subjects who scored 8 points or more. In
addition to considering SPMSQ, we also collected the eye
information of the subjects to ensure that their vision is
normal and will not interfere with normal driving. Each
subject was tested twice. The experimental process is as
follows:

— Introduced the experimental equipment and process, and
asked participants to fill in the multidimensional driving
style scale.

— Participants took a short exercise to make sure they
were used to the driving simulator controls. After that,
we asked participants to wear an eye tracker for 6 min
of simulated driving in the test scenario and fill in the
NASA-TLX at the end of the task to obtain baseline char-
acteristics of each age group.

— To avoid participants' long-term fatigue driving, let par-
ticipants forget the events in the test scene, and avoid the
influence of the pre-test on the post-CBT test. The sec-
ond experiment was conducted after three days and was
divided into four groups (the young CG, the young IG,
the elderly CG, and the elderly IG). The CG was trained
in a virtual scene without intervention. The IG combined
with CBT, tested and corrected the participants' wrong
driving concepts through semi-structured interviews (see
2.3.3 for details). Later, participants were asked to train
according to these new cognitive structures, and text
reminders were used in the scene to consolidate the new
cognitive structures. Each group was trained for 20 min.

— After the training, participants were asked to wear an eye
tracker to perform a 6-min simulated driving again in the
original test scene. After the task was completed, partici-
pants in each group were asked to fill in the NASA-TLX
and POMS.

3 Results

3.1 Influence of age difference on baseline
characteristics of drivers

3.1.1 Performance of young and old people on simulated
drivers

The baseline characteristics of the young and elderly were
shown in Table 2. The data presented normal distribu-
tion (Shapiro—Wilk test, p>0.05). According to the data
recorded on the simulator, the elderly drove slower on both
urban streets and suburban roads than the young, and the dif-
ference was significant (p < 0.05). In addition, the change in
average speed was more pronounced among the young than
the elderly, especially in crowded streets such as urban areas
(Mean accelerations were 5.56 m/s*> (SD = 1.48) and 4.08 m/
s2 (SD=1.29); t=3.04, df =31, p=0.005). This indicated
that the driving speed of the elderly was slower, accelera-
tion and braking were not obvious, and the driving process
was smoother than that of the young. Combined with the
subjective evaluation results of the multidimensional driv-
ing style scale, it was found that the self-report of elderly
drivers showed they were more cautious during driving,
and the difference was significant (t=3.61, df=21.99,
p=0.002). Older drivers have higher compliance with road
signs and fewer road violations. This view is consistent with
the research results of Ebnali et al. (2016). Adaptive safety
measures (reducing speed, reducing overtaking behavior,
etc.) can compensate for the cognitive driving difficulties
of the elderly.

Concerning drivers' self-report on the task load, we found
the mean score of mental workloads was not statistically dif-
ferent between young and elderly participants (respectively
320.59 and 316.88, t=0.14; p>0.05). Then we considered
how this mental workload was distributed among the six
dimensions of the scale, to further explore the psychologi-
cal cognitive differences between the young and the elderly
(Fig. 5). The results showed that older drivers had higher
mental demands than younger drivers, but the difference
was not significant (t=1.12; p>0.05). In terms of driving

Table 2 Speed, acceleration,

o ; Young Elderly

driving behavior scores and

NASA-TLX scores of both Mean SD Mean SD Cohen's d P-value

groups at baseline
Urban speed (km/h) 44.95 8.78 24.33 4.85 291 0.000 **3*
Urban acceleration (m/s?) 5.56 1.48 4.08 1.29 1.07 0.005%*
Suburban speed (km/h) 60.21 9.75 49.24 6.52 1.32 0.001 s
Suburban acceleration (m/s2) 7.19 1.92 5.92 1.82 1.92 0.059
Driving behavior (score) 18.59 9.50 9.5 4.08 0.68 0.002 **
NASA-TLX (score) 320.59 76.44 316.88 75.78 0.05 0.890
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Self-rated workload

100

80 —

60 —

40 —|

Mean value of workloed
1
—

Mental demand

Physical demand Temporal demand

Effort Performance Frustration

I:l Young : Elderly

Fig.5 Mean self-rated workload for each sub-scale of the NASA-TLX

performance and driving performance, elderly drivers did
not show more pressure and effort. On the contrary, they
were more satisfied with their driving process and had a
good perception of the difficulties they encountered on the
road.

In the follow-up interview, we found the elderly had poor
control of the pedal of the simulator, and their feet were
not flexible enough to control the speed through the switch
between brake and accelerator, especially in urban street
scenes, so they were more inclined to drive at a slow speed.
In addition, the number of collisions between the elderly
and obstacles in the simulated driving process was signifi-
cantly more than that of the young. Although driving errors
occurred during the simulation, they showed higher interest
in the simulation driving game and expressed willingness
to accept the training method, which also explained their
lower self-evaluation of frustration in the subjective cogni-
tive load assessment. The elderly participants emphasized
these points in the following statements:

"... This is good. It's like driving. I need to slow
down...".

Table 3 Correlation matrix for baseline characteristics

"I think this driving scene is very good, but it is dif-
ficult to control the accelerator and brake, and it is
difficult to master the speed...".

"There are many obstacles and turns on the road.
When driving, I'm afraid that I can't control the steer-
ing wheel and speed well, so I can easily collide with
the railings".

"... This will improve driving attention and limb coor-
dination... I think driving training games that can play
this role are good".

3.1.2 Comparison of driving ability between young and old
people

To compare the driving ability of young and old people, a
principal component analysis (PCA) was carried out. Table 3
showed the correlation matrix for the baseline characteris-
tics, the NASA-TLX was not significantly correlated with
other variables, so it was not included in the analysis.

The KMO test result showed that KMO =0.64, p <0.05,
is suitable for principal component dimension reduction
analysis. The PCA showed two main components, "urban

Urban speed ~ Urban acceleration ~ Suburban speed ~ Suburban Age Driving behavior =~ NASA-TLX
acceleration
Urban speed 1.000 0.521 0.725 0.375 —-0.819 0497 -0.215
Urban acceleration 0.521 1.000 0.225 0.410 —0.485 0.501 0.044
Suburban speed 0.725 0.225 1.000 0.573 —0.557 0.122 —0.252
Suburban acceleration 0.375 0.410 0.573 1.000 —0.384 0.224 —0.098
Age —0.819 —0.485 —0.557 -0.384 1.000  —0.567 —0.049
Driving behavior 0.497 0.501 0.122 0.224 - 0.567 1.000 0.144
NASA-TLX -0.215 0.044 —-0.252 —0.098 —0.049 0.144 1.000
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velocity" and "urban acceleration”, each explaining 56.43%
and 18.11% of the total variance. Based on principal com-
ponent analysis, spatial rotation is carried out to obtain the
component matrix (Fig. 6). The load diagram (Fig. 7) was
obtained by factor analysis of the above variables, which
showed two different dimensions. "Driving behavior" was
positively correlated with "Urban acceleration", "Subur-
ban acceleration" was positively correlated with "Suburban
speed"”, and both factor loads were greater than 0.5. This
indicated that drivers with more cautious driving behavior
have less speed change and drive more smoothly on crowded
roads such as urban areas. The faster a driver drives, the
greater the change in speed, making it harder to control driv-
ing speed.

In addition, age is negatively correlated with the two
dimensions. As age increases, drivers will be more cautious
in driving tasks, avoid sudden acceleration and emergency
deceleration, and tend to avoid illegal driving in the pro-
cess of driving. As Milleville-Pennel and Marquez (2020)
explained, with cognitive decline, elderly drivers will adopt
some compensation strategies to avoid driving risks, and
they tend to drive slowly to increase the reaction time.

3.2 Comparison of the training effect
of participants in each group

We conducted ANOVA to determine whether there was
any difference in the influence of CBT and general train-
ing on driving performance of the elderly. Figure 8 showed
the speed and acceleration of young (left) and old people
(right) before and after training. It can be found that after
training, the driving speed of the participants in the four
groups increased, indicating that the participants are more
proficient in driving operation after training.

We conducted ANOVA for the average speed and aver-
age acceleration of the whole process respectively: aver-
age speed = (urban speed + suburban speed)/2, average
acceleration = (urban acceleration + suburban acceleration)
/2. The independent variable is the training mode (IG and

Component matrix a
component
1 )

Age (years) -0.873 0.092
Driving behavior (score) 0.636 -0.630
Urban speed (km/h) 0.903 0.050
Urban acceleration (m/s?) 0.686 -0.382
Suburban speed (km/h) 0.728 0.609
Suburban acceleration (m/s?) 0.635 0.401

Extraction method: principal component
a. Two components were extracted

Fig.6 Component matrix (a) and Component matrix after rotation (b)
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Fig.7 Load diagram of the PCA integrating Age. 6 variables: Age/
Driving behavior/Urban acceleration/Urban speed/Suburban accelera-
tion and Suburban speed

CQ), the covariate is the average speed and average accel-
eration before training, and the dependent variable is the
average speed and average acceleration after training. The
Shapiro—Wilk test was performed on the average speed and
average acceleration of the elderly before and after training.
The p was greater than 0.05, which was by the normal dis-
tribution and was suitable for covariance analysis (Table 4).
The results showed that, in the elderly participants, base-
line speed affected the post-training speed (F=18.698,
p=0.001<0.05), but the comparison between the two
training methods (F=0.887, p=0.363>0.05), indicating
that baseline speed affected the post-training speed, while
there was no significant difference between the two training
methods on the driving speed of the elderly. Baseline accel-
eration of the elderly affected their post-training acceleration
(F=4.755, p=0.048 < 0.05), and the comparison between
the two training methods (F=5.456, P=0.036 <0.05).
This indicated that baseline acceleration has an impact on

Component matrix after rotation b
component
1 )

Age (years) -0.557 -0.678
Driving behavior (score) 0.011 0.896
Urban speed (km/h) 0.679 0.598
Urban acceleration (m/s?) 0.221 0.754
Suburban speed (km/h) 0.946 0.077
Suburban acceleration (m/s?) 0.734 0.160

Extraction method: principal component
Rotation method: Caesar normalized maximum variance method
b. The rotation converges after 3 iterations
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Fig.8 Comparison of training in simulator between control group (CG) and intervention group (IG): Urban speed / Urban acceleration / Subur-

ban speed and Suburban acceleration. (left: young, right: elderly)

Table 4 Average speed and

average acceleration of the €6 16
elderly before and after training Mean SD  statistic df Sig Mean SD  statistic df Sig
Speed (betore training) 3479 1.77 0.892 8 0.245 3879 1.56 0.985 8 0982
Acceleration (before training) 4.89  0.55 0.972 8 0914 511 047 0.949 8 0.698
Speed (after training) 40.74 146 0.924 8 0463 4512 1.65 0.896 8 0.268
Acceleration (after training) 5.33 045 0.898 8§ 0280 424 035 0.871 8 0.153
Table 5 Comparison of driving emotions among different groups 110l Wisiods
Age Methods Mean SD N - lcc?
Young CG 106.56 17.00 9 § 105!
IG 92.25 462 8 =
Total 99.82 14.42 17 %
Elderly CG 99.00 7.64 E 100|
IG 96.00 13.69 *§
Total 97.50 10.82 16 a >
Total CG 103.00 13.60 17 B /
IG 94.13 10.06 16 :
Total 98.70 12.66 33 Young Elderly

post-training acceleration, and the training method based
on CBT can better help the elderly control driving speed, to
drive more smoothly.

3.3 Effect of CBT on driving emotion of drivers

TO investigate the influence of age and CBT on driving
emotion, we performed a 2 X2 factorial analysis for the
driving emotions in the young (CG and IG) and the elderly
(CG and IG). Table 5 showed the POMS values of each
group (POMS value =negative emotion score—positive emo-
tion score + 100, F,,)=0.207, p>0.05; Fpeioas) =4-275,
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Fig.9 Outline: estimated marginal means of POMS

p <0.05), which indicated that CBT can effectively improve
participants' driving emotions, but age difference had no sig-
nificant influence on participants' driving emotions. Addi-
tionally, from the POMS mean value of each group, the
effect of CBT on the driving mood of young drivers is more
obvious than that of old drivers, and young people are more
likely to accept the training method of CBT.

Then we analyzed the interaction of the two factors
(Fig. 9) and found that age difference and CBT might have
a reverse interaction, but the effect was not significant
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(p>0.05). It can be seen from Fig. 5 that the elderly need to
pay more mental activity in the task, and their thinking and
memory ability decrease. Therefore, the effect of cognitive
behavioral therapy on the improvement of driving emotions
of the elderly may be reduced. The study by Wagner and
Nef (2011) showed that with the increase of age, cognitive
ability and memory are often decreased, which may lead
to an increased risk of bad driving and car accidents. Simi-
larly, cognitive decline in the elderly affects the effective-
ness of CBT. Older drivers with cognitive decline are also
less receptive to CBT to some extent than younger drivers.
However, this interaction needs further validation.

3.4 Effects of CBT on visual fixation of drivers

3.4.1 Baseline eye movement data of young and old
people

One participant in the young group and three participants
in the old group were unable to calibrate the eye tracker,
so their eye movement data were not collected. A total of
29 valid samples were collected, including 16 people in the
young group (12 males and 4 females) and 13 people in the
old group (7 males and 6 females).

Before the experiment, the driving scene was divided
into three areas of interest (Fig. 10), and participants' eye
movements were coded according to the distribution of areas
of interest. We recorded each participant's eye parameters,
such as fixation count, average duration of fixation and total
duration of fixation, and by analyzing these parameters, it
was possible to identify the speed at which different groups
perceived potential driving risks as well as their visual
flexibility.

We performed fixation analysis for each participant
(Fig. 11). The results stated that elderly drivers focused more
on the car environment than young drivers, and the differ-
ence was statistically significant (t=2.54, p <0.05). Mean-
while, younger drivers looked more in the rearview mirror
and central field of vision than older drivers. Further, it can
be found according to the hot spot map (Fig. 12) that drivers'
fixation on the central area is significantly higher than that

Fig. 10 Area of interest: rearview mirror (AOI 1), road ahead (AOI
2), vehicle interior (AOI 3)

Fixation Analysis
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Fig. 11 Fixation analysis of young and elderly

of the peripheral area (Zhao et al. 2014). However, elderly
drivers tend to focus their visual fixation on the car interior
and dashboard and pay less attention to the rearview mirror.
This behavior greatly increases the driving risk of the elderly
group. In addition, many elderly people also reported poor
perception of speed and needed to be reminded by the speed
display on the dashboard. According to the eye-movement
fixation, the self-report of the elderly was consistent with
their behavior on the simulator.

The results of the average duration of fixation analysis
showed that the single fixation duration of elderly drivers
was larger than that of young drivers in the three regions, but
the difference was not significant. The average single fixa-
tion time of young drivers and elderly drivers was 0.36 s and
0.43 s (t=1.43; p=0.16), the difference was also not sig-
nificant (p>0.05). Average single fixation time reflects the
flexibility of participants' visual search (Hooge & Erkelens
1996), which indicates that young drivers perceive potential
driving risks faster than elderly drivers, but it still needs to
be verified by subsequent experiments.

3.4.2 Comparison of eye movement data after training

We performed fixation analysis for each each group of par-
ticipants (Fig. 13), respectively. The results showed that after
training, the average fixation duration in all three areas of
the two elderly groups decreased, and the flexibility of visual
search increased. In terms of fixation count, the fixation fre-
quency of the elderly on the road ahead (AOI 2) has signifi-
cantly increased after the CBT (t=4.053, p=0.002 <0.05),
and the fixation frequency of the instrument panel and other
vehicle environment (AOI 3) has significantly decreased
(t=2.961, p=0.019<0.05). But in the CG, the eye move-
ment line of sight did not improve, and the fixation count
on the road ahead decreased. As for young drivers, both
groups of participants had good eye-movement fixation, and
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Fig. 12 Hot spot map for the young (left) and elderly (right)

there was no significant difference in the influence of the two
training methods on the eye-movement fixation of young
drivers. Then, we analyzed the distribution of fixation time
in the three areas of the four groups after training (Fig. 14).
The elderly IG looked at the road ahead longer than the CG
and paid more attention to the road ahead. This further indi-
cated that the driving training method based on CBT can
correct the driving vision of elderly drivers and improve
their danger perception ability.

4 Discussion

The purpose of this study has two aspects. The first purpose
is to compare whether the driving performance of young
and old people is significantly different through simulation
driving and provide some specific guidelines for the design
of CBT proposed by middle-aged and old drivers in this
work. Another purpose is to verify the effectiveness of the
newly developed cognitive training game in improving the
driving ability of the elderly, as well as its impact on visual
attention and emotional state. The results were basically in
line with these goals and expectations. The elderly interven-
tion group received cognitive behavior training, significantly
improved driving skills and visual attention, and promoted
driving emotions. Through the factorial analysis of the four
groups of samples, it is found that there may be inter-group
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differences in the impact of CBT on the elderly and young
groups. We will discuss these findings in detail in the fol-
lowing sections.

4.1 Behavioral characteristics of elderly drivers

We observed that the mental workload of older adults was
greater than that of younger adults, suggesting that older
participants perceived the driving task as requiring more
mental demand and being more difficult to perform, which
may be caused by cognitive decline. For example, Lun-
dqvist and Eriksson (2019) believed that the driving ability
of the elderly would decline with age, and the response of
the elderly would become slower after increasing cognitive
load tasks. Moreover, Horswill et al. (2008) also confirmed
this view, they found the elderly have a poor perception
of danger and a slower response time to deal with danger
than the young. In terms of driving skills, we found that the
elderly was slower on the simulator and had less variation
in speed during driving, meaning that the elderly performed
driving operations more smoothly with less acceleration and
braking. This is consistent with the conclusion obtained by
Hakamies-blomgqvist et al. (1999), who observed that the
elderly generally drove more slowly, but they did not show
more lane edge deviation during driving. Moreover, con-
cerning drivers' self-report (results of multidimensional
driving style scale), the elderly thought they drove more
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Fig. 14 The total duration of fixation in three visual areas of four groups

carefully to avoid overtaking and lane changing, which was
consistent with their performance on simulated drivers. In
this sense, they drove slowly and smoothly, which may be a
compensatory strategy. Through years of driving experience,
they adjusted their driving behavior to adapt to the negative
effects of cognitive decline, and these measures may help
reduce the mental load caused by the driving environment,
as was also shown to be the case in studies by Cantin et al.

(2009) and Davis et al. (2016). Their previous results suggest
that the elderly may adopt the conservative compensation
strategy to reduce driving risk due to difficulties with speed
control and distance traveled. This behavior may also reflect
a driving attitude (Ball et al. 1998). For example, older driv-
ers have a high degree of compliance with road signs and
avoid driving on congested roads or in extreme weather. In
addition, it is also consistent with the research on other types
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of road users (such as cyclists). For example, Useche et al.
(2019) have pointed out in their survey report that with the
increase of age, the dangerous riding behavior of cyclists
decreases, and the degree of compliance with traffic rules
and awareness of risks are on the rise. They have made sta-
tistics on bicycle traffic accidents in recent years and found
that the number of collision accidents of older riders is less
than that of young people, which shows that specific com-
pensation strategies (reducing dangerous driving behavior,
maintaining a cautious driving attitude, etc.) can effectively
reduce the driving risk of the elderly and make up for physi-
ological deficiencies.

4.2 The effectiveness of CBT in elderly drivers

The second main conclusion is that driving training based
on CBT effectively improved driving skills in older adults,
which is consistent with previous research (Nozawa et al.
2015; Hiraoka et al. 2016; Nouchi et al. 2019). The IG
received CBT and showed significant improvements in
speed control and visual attention, as well as slight improve-
ments in emotional states. These results were consistent with
expectations, as the focus of driving training was on cogni-
tive areas related to driving safety, including visual process-
ing, sensory function, and physiological function (Anstey
et al. 2005). According to the data of driving simulator feed-
back, we found that the four groups of participants in driving
speed were improved after training, but for the acceleration
index, was only a drop in the average acceleration of IG,
suggesting that the CBT can help drivers to better control
the speed and drive more sedate. The discovery of changes
in acceleration extends previous research. Previous studies
using cognitive training for driving skills already showed
cognitive training reduced the tendency of young drivers
to speed and improved their speed management behavior
(Krasnova et al. 2015; Molloy et al. 2019). Nevertheless,
this experiment proved that cognitive training is equally
effective in elderly drivers. In addition, since the experi-
ment was a short-term cognitive exercise, it may not have
long-term benefits for speed management in elderly drivers.
Future studies should extend training cycles and follow-ups
to assess long-term benefits.

The analysis of baseline eye movement data showed that
the average fixation duration of the elderly was longer than
that of the young during driving, which indicated that the
elderly has poor visual searchability and lower mental flex-
ibility. We found that previous studies have come up with
similar ideas. For example, Maltz and Shinar (1999) found
that aging affects visual information processing, with older
people's visual searches having more fixation counts and
fewer scanning counts. The average fixation duration was
associated with hazard perception (Borowsky et al. 2010).
Therefore, the longer fixation time of the elderly also
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reflected the decline of their risk perception ability. They
processed driving information slowly, which affects normal
driving. From the current results, compared with the train-
ing results of the CG, the driving training based on CBT
can better correct the driving vision of the elderly. This was
consistent with the results of previous studies that cognitive-
behavioral training improved sensitivity to the hazard per-
ception through real-time intervention to remind the elderly
to pay attention to road conditions (Mayhew et al. 2014;
Horswill et al. 2015).

Finally, according to the data of the POMS subjective
scale, it was concluded that CBT can improve the driving
emotional state of the elderly, but this improvement effect
may be negatively correlated with age. We suspected that
this might be because the elderly was less receptive to the
same type of training than the young as their cognitive abili-
ties decline. Another possible explanation is that the older
participants in this experiment had better baseline mood
traits and were less sensitive to cognitive training. One study
found that training was more effective for participants with
relatively poor baseline characteristics (Ball et al. 2007).
This also indicated that the emotional state of young people
in this experiment was worse, and they were more influ-
enced by cognitive-behavioral training. But in either case,
the results suggested that driving training based on CBT has
a beneficial effect on the emotional state of driving in the
elderly. Future work needs to focus on the acceptance of cog-
nitive training in the elderly driving group, verify whether
there is a negative correlation between cognitive-behavioral
training and age, and design a cognitive training game more
suitable for the elderly driving group.

4.3 Guideline of CBT in elderly driving training

From the above experimental results, we are inspired that
the implementation of CBT will create more value in the
field of driving for the elderly, to allow the elderly with dif-
ferent abilities and ages to use it. In turn, according to the
characteristics of the elderly group, the driving level can be
improved through appropriate CBT programs. For example,
for the elderly who use the driving simulator for the first
time, it is easy to feel nervous and anxious because they are
not familiar with the equipment or are too afraid of the real
scene during treatment. The virtual reality three-dimensional
scene combining cartoon and realism can assist the elderly
driver's mentality adjustment (Ettenhofer et al. 2019). In
addition, the elderly group tends to drive at a steady low
speed, and they are very cautious about road risks, which
will limit the driving activities of the elderly. Future CBT
design can help the elderly overcome this psychological
problem. Interviews and cognitive reconstruction methods
can alleviate their tension and fear, and then let the elderly
train many times in the virtual scene built to improve the
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Fig. 15 CBT design guidelines
for older drivers

Guideline

+ Virtual reality 3D scene combining cartoon and realism

* Relieve tension and fear through interviews and cognitive reconstruction
* Provide visual search training

* Focus on the view of the rearview mirror

* Focus on the vision of the intersection

* Combining HUD technology in CBT to assist driving

* Monitor the speed and distance in the virtual scene

driving speed of the elderly driver. According to the feed-
back results of eye movement data, older drivers are more
susceptible to increased visual complexity when performing
visual search tasks (Lee et al. 2019). The task design of CBT
should provide visual search training (Lavalliere et al. 2012;
Dukic and Broberg 2012), such as the observation of the
rearview mirror when overtaking or turning, the observation
of pedestrians at the intersection, and the observation of the
road ahead when driving. The application of CBT in elderly
driving needs to strive to improve the driver's risk perception
ability, correct the driving line of sight, and improve road
vigilance. What’s more, a new finding from the participants'
visual distribution was that older drivers looked at the dash-
board more often than younger drivers. The elderly reported
poor perception of speed and needed to be reminded by the
speed display on the dashboard. This also gives us inspira-
tion. We can combine HUD technology in CBT training to
assist novice and elderly drivers to drive (Bauerfeind et al.
2019). The interface display should strengthen the speed
reminder function. Finally, the elderly has poor flexibility in
both feet and cannot control their speed well. Therefore, it
is necessary to add driving speed control and keep distance
training in CBT. The speed and distance are monitored in the
virtual scene and reminded in time so that the elderly driver
can have an intuitive feeling of the safe speed. Figure 15 is
a CBT guide related to elderly driving.

5 Conclusion

This study showed that elderly people drove more carefully,
and although their driving performance was not as good as
that of young drivers, they were nevertheless able to take
some measures to help them drive safely. In addition, driving
training based on CBT could better help the elderly control
driving speed, alleviate negative emotions, and had a cer-
tain impact on their eye-movement fixation during driving,
which can correct their vision driving. Finally, according
to the psychological and behavioral characteristics of older
drivers, some specific guidelines are provided for the design
and application of CBT technology in older drivers. But the
study has several limitations. The first one is that the number

of participants was small, which might affect the reliability
of the results. The second one is that the training time was
short, with only one cycle of training, we can't conclude
the effectiveness of the intervention over a longer period.
In addition, simulation driving as a training game is still
far from all kinds of situations that may be encountered in
real life, and participants' performance on the simulator can-
not fully represent their real driving situation. Despite these
limitations, the results of this experiment provide a new
experimental method for the application of CBT in driving
training for the elderly. Future studies will explore these gaps
in more detail.
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