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Abstract: Research shows that about half of all motorcycle collisions with other vehicles were caused
by the accident opponent, typically a passenger car. This study aimed to assess the effect of simulator
training on improving car drivers’ perceptibility of motorcycles and thereby addressing this frequent
type of motorcycle accident from the perspective of the initiator. For this purpose, a training program
with different methods was conducted and tested in a driving simulator with 80 learner drivers aged
between 15 and 27 years, assigned to a control group and three training groups: variable priority,
equal priority, and equal priority with warning. The conflict scenarios were determined based on
an analysis of motorcycle–car accidents. The variable priority training program resulted in better
perceptibility of motorcycles as compared to the equal priority training program and equal priority
with warning in two out of four test setups, i.e., urban roads with high contrast between motorcycle
and the driving environment and on rural roads with a low contrast. Most participants rated each
training method in the driving simulator as useful and would recommend it to other learner drivers.
These results are important because they show that simulator training has a positive effect on the
motorcycle detection performance of learner drivers. The early perception of motorcycles in car
drivers is essential for preventing collisions between cars and motorcycles.

Keywords: vulnerable road users; human factors; motorcycle safety; driving simulator; driving
education; road safety analysis

1. Introduction

The protection of vulnerable road users is becoming increasingly important due to
improvements in active and passive vehicle safety, which is clearly reflected in the accident
statistics of the past few decades [1]. In Europe, 14% of fatal injuries in road accidents
were related to motorcycle occupants in the year 2017 [2]. In addition, motorcycling is the
means of transport for which the number of fatalities decreased the least between 2006 and
2015 [1]. In Austria, fatal injuries due to motorcycle accidents contributed 20.69% (90) to the
number of fatal injuries in 2014 (430), and 22.42% in 2013 [3]. Yasin et al. [4] investigated
death rates in 2–3-wheelers and found that global mortality increased by a relative ratio of
1.36 over the last decade, which was related to the increased vehicle-to-person ratio and
economic inequity. In their study, Ijaz et al. [5] determine the most important risk factors
associated with the severity of motorcyclists’ injuries using the logit model with random
parameters. The results of the study also show, among other things, that the risk of serious
and fatal injuries is increased in accidents where motorcycles collide with cars and trucks.
Martins et al. [6] confirm these findings of more severe injuries and outcomes in collision
accidents (CA) compared to loss-of-control accidents (LOCAs).

The results of the study by Abrari Vajari et al. [7], analysing the factors affecting the
severity of motorcycle accidents at intersections using the multinomial logit model, show
that setting certain measures related to t-intersections could reduce the probability of fatal
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accidents. Some of the additional literature that investigated the causes of motorcycle
accidents can be found in [8–11]. Two main problems were observed: On the one hand,
single motorcycle accidents, mostly because of an uncontrollable driving situation, and on
the other hand, collisions with another vehicle, representing about 60% of the total. About
half of the motorcycle accidents from the latter category were caused by the car driver. The
difficulty that drivers have detecting motorcycles due to insufficient contrast, obstructions
and the fact that motorcycles are small and fast, was attributed to about 40% of motorcycle
accidents caused by a car driver. This research aims to develop preventive training pro-
grams for learner drivers and to investigate the role of simulator-based training on the
perceptibility of motorcycles. Since perceptibility issues are considered to be responsible
for the major portion of severe motorcycle accidents, simulator-based driving education
has the potential to increase motorcycle safety.

1.1. State of the Art in Driver Education

The effectiveness of post-license driver training was analyzed in a systematic literature
review in [12] and it was concluded that there is no evidence of a positive effect on road
safety, which might be a consequence of the training design. In [13], a comprehensive
review of driver training was carried out, concluding that driver training did not improve
road safety but increased supervision and graduated licensing for novice drivers might
help. Isler et al. [14] investigated the effect of handling skill training and concluded that,
although driving performance improved, no improvement in hazard perception occurred.
Mayhew and Simpson, [15] concluded that empirically based driver training shows more
potential for road safety than traditional formal instructions. Schneider et al. [16] conducted
a simulator-based training program using micro-scenarios with older drivers and showed
that this can increase the frequency of second glances in intersection situations. Haworth
et al. [17] suggested adding motorcycle simulator training to the practice of dangerous
situations to improve driving skills. However, this education did not directly address
the problem of overlooking motorcycles due to failures in perception. In [18], the driving
skills of learner drivers with an early training program at the age of 16 was examined. The
inclusion of simulator training with a broad range of hazardous situations for education
purposes was suggested.

Although research shows that, generally, post-license driver training has little impact
on road safety, in [19], hazard perception training was recommended, especially for drivers
with fitness-to-drive difficulties. The effectiveness of hazard perception was investigated
in multiple studies. According to Wetton et al. [20,21], learner drivers perform worse in
hazard perception tests than experienced drivers, and the authors concluded that such
training is useful. In [21], different hazard perception tests for driver training were ex-
plored and a significant improvement was found. Training effects decayed over time but
remained significant. In a study by Rosenbloom et al. [22], drivers with a motorcycle license
performed better in hazard perception compared to other drivers. In [23], a video-based
hazard perception test showed positive effects on driving performance. Ka et al. [24]
used surrogate safety measures (SSMs) in simulator-based training to evaluate accident
potential in their study. The risky driving behavior in driving situations that also concern
surrounding vehicles could be reduced with simulator- based training and the safety of
drivers could be increased by SSMs. Castro et al. [25] explored the effect of proactive
listening to training commentaries by experienced drivers. Interestingly, contrary to the
objective performance data, the drivers showed no improvements in their self-ratings.
Horswill et al. [26] developed an online hazard perception training and found that key
behaviors associated with crash risk improved after training. Crundall et al. [27] found
that training for hazardous situations in a driving simulator improved driving safety when
an instructor provided an explanation during a video-based driver training, and found a
positive effect for all types of participants. In [28], a hazard prediction test was performed
from the perspective of different road users, and improvements were found in psychomet-
ric performance. Borowsky et al. [29] found that hazard perception does not erode over
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time, which suggests that once learner drivers gain experience in hazard perception, they
maintain this ability in future.

From this state-of-the-art, we conclude that training for hazard perception in a driving
simulator has substantial potential to improve road safety and that it is especially beneficial
for learner drivers.

1.2. Types of Motorcycle Accidents

The analysis of Austrian accidents showed that, between 2012 and 2014, about 35%
of all motorcycle accidents were single accidents, followed by accidents at intersections,
at a rate of about 27.4%. The third most frequent type of accident was one-way traffic
(20.2%), followed by accidents in oncoming traffic (7.4%), other accidents (7.2%), pedestrian
accidents (1.6%) and accidents involving stopped vehicles (1.2%) [30]. Between 2015 and
2019, 42% of fatal motorcycle accidents in Austria occurred due to a collision with a
passenger car. In 45% of these collisions, the driver of the passenger car was the cause of the
accident. In addition, 20% of all fatalities and serious injuries between 2015 and 2019 with
a mileage of less than 2%, are motorcyclists. Fatalities per kilometer travelled are 30 times
higher for motorcyclists than for drivers of passenger cars [31]. Apart from these general
accident statistics, an in-depth analysis of self-reports shows that the most common cause
of motorcycles accidents (involving third parties), is that the motorcyclist is overlooked by
the car driver (66% of n = 1072, [8]). A total of 14% involved the maintaining of a too-short
a safety distance, 15% had other causes and, in 5%, the accident opponent was under the
influence of alcohol. The results of this study were consistent with the corresponding
statistics of [32] regarding the type of accident. A study of the GDV database [33] describes
particularly frequent and typical situations between motorcycles and cars. The selection
and preparation of the motorcycle encounter scenarios in the present study were based
on the analysis of accidents from different Austrian and European databases [34]. The
scenarios identified by Kraut et al. [34], including common accident types, conflict situations
and parameters that contributed to the accident, were used for training and tests in the
present study. An overview of the scenarios is presented in Section 2.3. The scenarios were
developed based on the analysis of accident statistics of real accident data. The objective
was to increase the awareness of passenger car drivers by means of appropriate training
with the assistance of the scenarios, and thus to reduce the relevant types of accidents.
Novice drivers are especially likely to lack the experience to identify critical situations that
could lead to a hazard or an accident. Due to the multiple driving subtasks, vehicle drivers
must divide their attention accordingly and accomplish multiple control subtasks. The
developed scenarios are intended to improve the vehicle driver’s motorcycle perception
and hazard recognition, thus promoting their ability to identify critical situations. The
early recognition of conflict situations with motorcyclists is intended to improve situational
awareness and, thus, the perception of key elements for the control task. The developed
conflict situations are based on accident-causing parameters, which should support the
car driver to detect attributes that can lead to critical situations. Early detection is the
prerequisite for the setting of an appropriate accident-preventing action. The aim is to
reduce the number and the severity of car–motorcycle collisions through the early detection
of motorcycles by the car driver, to avoid car–motorcycle collisions, and to reduce the
number and severity of accidents [34].

1.3. Human Factors Related to Motorcycle Accidents

To reduce the increasing number of motorcycle accidents, it is particularly important
to consider the human factor in accident prevention. The perceptibility of motorcycles by
drivers is essential for detecting and managing critical conflicts between cars and motor-
cycles. According to the MAIDS study [35], about 70% of the main causes of accidents in
the event of a collision are attributable to the driver of the colliding vehicle overlooking
the motorcycle. Therefore, in order to reduce the number of accidents between cars and
motorcycles due to the passenger car driver overlooking the motorcycle, it is crucial that
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drivers of passenger cars learn to recognize motorcycles. Accident statistics show that
the perceptibility of a motorcycle by drivers depends, among other things, on the light
conditions. For example, in addition to being dazzled by a low sun, changes between light
and shade in wooded areas and on mountain roads can lead to poor recognition of motor-
cycles [36]. In addition to the colour of the motorcycle, both the clothing of the motorcyclist
and passenger and the helmet colour contribute to motorcycle perception [37,38].

1.4. Research on Training Methods

The training methods that are relevant for this study focus on improving the ability
to perform multiple tasks through better attention control. This is necessary for scanning
and detecting motorcycles while driving a car. In aviation, simulator training is widely
used for initial and recurrent pilot education [39–41]. Research shows that the benefits of
simulator training lead to a more accurate estimation of conflict/collision parameters in
complex traffic situations [39–41].

Wickens et al. [42] assessed the effectiveness of different training methods in devel-
oping time-sharing skills or “skills of scanning, bimanual coordination, or task switching
that support multitask fluency”. Such time-sharing skills are necessary for controlling a car
(e.g., visual scanning, speed control, navigation) or playing a musical instrument with both
hands concomitantly. The research shows that the opportunity to practice time-sharing
skills, as compared to practicing the parts separately, is essential for improving performance.
Practicing the parts of a task separately does not lead to a successful integration without
additional time-sharing training [42]. A suitable method for training time-sharing skills is
the variable priority training paradigm, which has been investigated and validated with
very good results in students [43], military pilots in training [44], and police officers [45].

The training paradigm variable priority was implemented in the computer game Space
Fortress (SF) with multiple tasks, in which the participants were instructed to deal with
the subtasks by changing the emphasis of different subtasks in different test blocks for a
duration of 10 h [43,44].

The performance feedback provided to participants is a key element that helps them
to adjust their priorities regarding the task components. The trainees learn the effect of
switching priorities on the performance of subtasks. They thus learn to improve their
overall performance in a multitasking environment by improving their attentional control.
More recent research showed that computer-based training with variable priorities led to
an improved driving performance by seniors in the driving simulator [46].

The present study aims to investigate the effect of various simulator-based training
methods on the ability of learner drivers to perceive motorcycles while driving in a car
simulator. Therefore, the variable priority method was implemented in a driving simulator.
In addition, the effectiveness of training with equal priority given to all subtasks, as well as
training with equal priority and a motorcycle collision warning system, were assessed.

2. Materials and Methods
2.1. Training Methods

During training, all trainees were instructed to drive several routes in the driving
simulator, conforming to driving regulations. The subtasks were to control the vehicle
speed and trajectory, and, at the same time, to observe the driving environment and press
the steering wheel as soon as they detected a motorcycle. Vehicle control (e.g., speed) and
driving environment monitoring were required in each training session. For the training,
three different variants were designed and implemented in the driving simulator: training
with variable priority, training with equal priority and training with equal priority and the
motorcycle warning. In addition, a control group was used for the experimental assessment
of various training methods. The training was carried out in conditions of high contrast
between the motorcycle and the environment.

An overview of the training procedure for each group is shown in Table 1. The specific
elements of each type of training are described in the following sections.
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Table 1. Overview of the training procedure.

Variable Priority Group Equal Priority Group Equal Priority with Warning
Group Control Group

Driving instructions with
variable priority

Driving instructions with
equal priority

Driving instructions with
equal priority

Driving instructions with
equal priority

Training with motorcycle
encounter scenarios

Training with motorcycle
encounter scenarios

Training with motorcycle
encounter scenarios

Training without
motorcycle encounter

scenarios

Feedback after each trip No feedback No feedback No feedback

Training without motorcycle
warning system

Training without motorcycle
warning system

Training with motorcycle
warning system

Training without motorcycle
warning system

5 trips on rural roads with
high contrast and

3 motorcycle
encounters per trip

5 trips on rural roads with
high contrast and

3 motorcycle
encounters per trip

5 trips on rural roads with
high contrast and

3 motorcycle
encounters per trip

5 trips on rural roads with
high contrast and

no motorcycle encounters

5 trips on urban roads with
high contrast and

3 motorcycle
encounters per trip

5 trips on urban roads with
high contrast and

3 motorcycle
encounters per trip

5 trips on urban roads with
high contrast and

3 motorcycle
encounters per trip

5 trips on urban road with
high contrast and with no

motorcycle
encounters

2.1.1. Variable Priority Training

The variable priority (VP) training paradigm is used for multiple concomitant tasks
by instructing the participants to treat the subtasks with different emphases in different
training sessions. In this study, the VP paradigm was implemented in the driving simulator
instead of using a computer game. Driving requires multitasking, such as navigation,
monitoring the road environment, and speed adjustment. The VP group in this study was
instructed that it was important to both detect motorcycles as soon as possible and manage
their speed. In addition, each trip had an emphasis on either motorcycle detection time
or speed control. There were five consecutive trips on rural roads and five trips on urban
roads. In each trip on rural roads, the trainees were confronted with three motorcycle
encounters (Table 1) in one of the five typical accident configurations described in Table 2.
At the end of the training, each motorcycle encounter scenario was practiced three times,
with different presentation orders, to avoid learning artefacts. In each trip on urban roads,
the trainees were confronted with three motorcycle encounters (Table 1) in one of the five
typical accident configurations described in Table 3.

After each trip, feedback was provided to the participants on their performance in
both monitored subtasks: motorcycle detection and speed control. Feedback was presented
as a percentage of real performance relative to the optimal possible performance. Thus,
they could compare, in percentage, the performance decrement in the motorcycle detection
whenever they placed emphasis on speed control. In the VP training, feedback was
provided to help the trainees adjust their cognitive processing priorities between the trips
with different emphases.

A feedback tool was developed for this study as a Tablet PC application and used
only for the VP training group. The kinematic driving data (vehicle speed, longitudinal
and lateral accelerations), as well as motorcycle recognition parameters, were recorded and
evaluated. The tool showed graphical and numerical objective information about trainees’
performance in motorcycle detection, compliance with speed limits and the travel time in
percentage relative to the optimal performance of 100%.



Sustainability 2022, 14, 5283 6 of 16

Table 2. Motorcycle encounter scenarios on rural roads. Reprinted from [34], with the permission of
Kirschbaum Verlag GmbH, Fachverlag für Verkehr und Technik.

Scenarios on Rural Roads Description

Scenario 1
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A second motorcycle follows behind the first motorcycle, which results in a
conflict if the trainee persists in carrying out the left turn.

In this study, the feedback for the motorcycle perception performance included the
following data:

• Mean motorcycle perception performance (calculated as a percentage from the earliest
possible detection);

• Number of motorcycle encounters (N = 3);
• Number of motorcycles detected by the trainee;
• Graphical illustration and numerical motorcycle perception performance for each

individual encounter.

In addition, the feedback for speed control included the following data:

• Percentage of time the trainee drove within the speed limits;
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• Driving performance as the percentage of the driving duration relative to the optimal
duration;

• Length of the driven route in km;
• Duration of driving in seconds;
• Optimal duration of driving in conformity with applicable speed limits.

Table 3. Motorcycle encounter scenarios on urban roads. Reprinted from [34], with the permission of
Kirschbaum Verlag GmbH, Fachverlag für Verkehr und Technik.

Scenarios on Urban Roads Description

Scenario 1
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2.1.2. Equal Priority Training

The equal priority group in this study was instructed that it was important to both
detect motorcycles as soon as possible and manage their speed. The equal priority method is
similar to both conventional driver training and typical driving situations. The participants
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were asked to fulfil all subtasks as well as possible and to treat them with equal priority.
The participants from this group were not provided with objective feedback based on
measured data.

2.1.3. Equal Priority Training with Motorcycle Warning

This training method works in a similar manner to equal priority, but with the addi-
tional use of a motorcycle warning system. The participants were asked to fulfil all subtasks
as well as possible and treat them with equal priority. Again, no objective feedback based
on measurement data was provided to the participants from this group. This training
variant was, therefore, chosen to investigate the familiarization effects of driving with the
motorcycle warning system.

A motorcycle collision warning system was designed and implemented in the driving
simulator for use by this group. The warnings were simultaneously presented in visual
and acoustic modes in the driving simulator (Figure 1). The acoustic warning signal was a
beep tone.
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A tablet PC mounted in front of the steering wheel displayed a motorcycle icon when a
motorcycle was recognized by the vehicle’s sensor system. In parallel to this, the motorcycle
icon was displayed on a head-up display (HUD). The warnings system used data from a
simulated vehicle-to-vehicle (V2V) communication. The warnings were triggered when a
predefined time-to-collision threshold calculated from the current speed and direction was
exceeded.

There were five consecutive trips on rural roads and five trips on urban roads. In
each trip on rural roads, the trainees were confronted with three motorcycle encounters
(Table 1) in one of the five typical accident configurations described in Table 2. At the
end of the training, each motorcycle encounter scenario was practiced three times, with
different orders of presentation to avoid learning artefacts. In each trip on urban roads,
the trainees were confronted with three motorcycle encounters (Table 1) in one of the five
typical accident configurations described in Table 3.

2.1.4. Control Group

The control group drove the same routes and number of trips on rural and urban roads
as the other groups, but encountered no motorcycle traffic (Table 1). Their instruction was
as similar to the conventional, part-task driver training (e.g., perform navigation, speed
control) as possible. Participants from this group were not provided with objective feedback
based on measured data.

2.2. Driving Simulator

The Automated Driving Simulator Graz (ADSG) of the Graz University of Technology
is a fixed-base driving simulator based on a full vehicle. The visual system consists of LCD
monitors with a 180-degree field of view. The engine, wind and rolling noise of the own
vehicle, as well as other vehicles, are calculated, mixed and transmitted over four bass
shakers, as well as the sound system of the vehicle. The vehicle controls (throttle, brake



Sustainability 2022, 14, 5283 9 of 16

pedal, shifter and steering) are equipped with high-quality force-feedback actuators. The
displays and controls (human–machine-interface) of the vehicle are configurable using
Tablet PCs. The driving simulator was calibrated with experts in driving dynamics and
validated with licensed drivers [48–53].

The implementation of motorcycle encounter scenarios in the driving simulator was
calibrated and validated by experts in accident reconstruction and driving dynamics.

Pressure Sensitive Steering Wheel

The participants were instructed to press on the steering wheel as soon as possible
whenever they observed a motorcycle. A pressure-sensitive sensor was used for data
collection.

The time of the earliest possible motorcycle perception was logged as a binary signal
for the subsequent evaluation.

2.3. Driving Scenarios

The trainees drove on urban and rural roads with speed limit markings. The speed
limit on the urban road was set to 50 kph, and 100 kph on the rural road, with sectors
of 80 kph marked by real road signs. The selection and preparation of the motorcycle
encounter scenarios was based on an in-depth study of accidents from different Austrian
and European databases, which is published in [34]. The scenarios identified by this study,
including common accident types, conflict situations and parameters that contributed to
the accident, were used for training and tests in the present study. An overview of the
scenarios is presented in Tables 2 and 3.

2.4. Experimental Procedure

All participants received a driving session of about 15 min for familiarization. The
training trials were conducted alternately on urban and rural roads with high contrast. The
driving training lasted for about 60 min per participant.

The post-test setting was identical for all groups, meaning that each group was con-
fronted with five motorcycle encounters on rural roads (Table 2) and five on urban roads
(Table 3). For urban roads, there was an additional test trip performed with low contrast
between motorcycles and the environment, which made the motorcycles less detectable.
None of the groups used the motorcycle warning, nor was feedback offered during these
tests. Overall, the test consisted of three trips:

• One trip on the urban road with high contrast, with five motorcycle encounters per
trip;

• One trip on the rural road with high contrast, with five motorcycle encounters per trip;
• One trip on the rural road with low contrast, with five motorcycle encounters per trip.

The order of presentation was counterbalanced, meaning that half of the trainees in
each group started with urban and ended with rural road tests. The other half started with
rural road tests and ended with urban road tests.

After the test, the participants received a questionnaire to evaluate the simulator
training.

2.5. Participants

The study was conducted with 80 learner drivers aged between 15 and 27 years. At the
time of participating in the study, the learner drivers had just completed their theoretical
instruction in the driving school. Participation in the study was voluntary. The participants
were informed about the study and signed an informed consent form. For underage
participants, the parents were also informed about the study and signed the informed
consent form. Each participant received an allowance of 40 Euros for participation. The
groups were comparable in terms of average age and driving experience (Table 4).
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Table 4. Participant age and driving experience (SD: standard deviation).

Group
Group Size

Variable Priority
(N = 20)

Equal Priority
(N = 20)

Equal Priority and
Warning (N = 20)

Control Group
(N = 20)

Age

Average 18.25 years 18.55 years 18.35 years 18.2 years
SD 0.55 0.444 0.57 0.33

Median 18 18 18 18

Driving experience (hours) in the last 90 days

Average 4.05 6.4 6.7 5.9
SD 1.27 1.42 2.003 1.47

Median 2.5 5 1.5 2

Driving experience (hours) in the last 90 days

Average 10.3 10.4 10.4 13.55
SD 3.01 3.06 2.68 5.28

Median 3.5 6.5 9 4

2.6. Dependent Measures

A motorcycle perceptibility performance score was calculated for each scenario. The
performance score was defined as the distance between the motorcycle and the car at the
time of motorcycle-signalized detection, calculated as a percentage relative to the earliest
possible detection distance. The earliest possible detection of a motorcycle was calculated
as 100%. Later detection received relatively less than 100%. For each test on urban and
rural roads, an average performance score was calculated for each trainee, as the mean
score over five scenarios.

2.7. Data Analysis

The effects of training on the motorcycle perceptibility performance were analyzed as
differences among the four training groups in the post-test. The data did not have a normal
distribution. Thus, the non-parametric median test was used for statistical analysis and α

was set to 0.05.

3. Results
3.1. Training Effects

Data are presented descriptively in Table 5. The results of the median test show
significant differences between the training groups when driving on urban roads with high
contrast (df = 3, χ2 = 11.30, p < 0.009).

As illustrated in Figure 2, the number of learner drivers with a performance above the
median (Med = 51.50) was greater in the groups that trained with variable priority and in
the control group, as compared to the groups with equal priority and equal priority with
warning.
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Table 5. Motorcycle perceptibility performance of the control and training groups in post-test (SD-
standard deviation).

Group
Group Size

Variable Priority
(N = 20)

Equal Priority
(N = 20)

Equal Priority and
Warning (N = 20)

Control Group
(N = 20)

Urban roads with high contrast

Average 52.63 47.72 45.62 52.80
SD 3.63 2.79 3.56 2.85

Median 59.01 49.12 48.89 56.15

Rural roads with high contrast

Average 51.473 45.225 43.966 42.594
SD 3.739 2.598 2.918 3.378

Median 52.182 41.02 46.7 45.872

Rural roads with low contrast

Average 58.156 49.611 47.358 45.846
SD 3.958 3.293 3.668 3.26

Median 59.265 53.226 49.017 46..797

Group differences in performance on rural roads with high contrast were not statisti-
cally significant (df = 3, χ2 = 2.80, p < 0.50).

The median test shows significant differences between the test groups on rural roads
with low contrast (df = 3, χ2 = 8.40, p < 0.04). As shown in Figure 3, the largest number
of trainees with a performance above the median (Med = 51.54) is found in the variable
priority group.
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3.2. Subjective Assessment of the Training

The results of the post-test assessment show that most of the learner drivers rated the
training as useful (Figure 4).
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As illustrated in Figure 5, the intention to repeat the training in future, if given the
possibility, was reported by most of the learner drivers (e.g., for sure or perhaps). Only a
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few trainees stated that they would not continue the training or were not sure about doing
so. Most of the learner drivers would recommend the driving simulator training to other
learner drivers (Figure 6).
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4. Discussion

The protection of motorcycle drivers as vulnerable road users became critical due
to the high accident frequency [2,3] and the opportunities created by improvements in
active and passive vehicle safety [1]. This research aimed to develop preventive training
programs for learner drivers and to investigate the role of simulator-based training in the
perceptibility of motorcycles. Knowing that about half of motorcycle accidents involving
cars were caused by the car drivers [8–11], in this study, motorcycle detection training
methods were developed and implemented in a driving simulator. These training methods
were assessed with 80 learner drivers assigned to a variable priority group (N = 20), an
equal priority group (N = 20), an equal priority with warning (N = 20) and a control
group (N = 20). To assess the training effects on the motorcycle perceptibility performance,
post-tests were performed on urban and rural roads, confronting the learner drivers with
typical accident scenarios.

4.1. Training Effects on the Perceptibility of Motorcycles on Urban Roads with High Contrast

As expected, the variable priority training resulted in the best motorcycle percepti-
bility on urban roads with high contrast, demonstrating that this group of learner drivers
benefited from objective performance feedback that highlighted performance benefits and
decrements depending on the priority given to subtasks. According to Gopher et al. [43],
this training effect indicates that variable priority training results in “response strategies
that can be employed flexibly to meet task demands” [43] (p. 147). A point of interest is
that the use of a motorcycle warning system resulted in the lowest performance in the
group that trained with equal priority and warning in post-test when they could not use
the warning anymore. The reason for this may be that the learner drivers in this group
developed an over-reliance on the warning. A slightly better performance was observed
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in the group that trained with equal priority testing that did not use a warning system.
The fact that the control group performed so well on urban roads with high contrast is
difficult to explain. The control group trained without traffic and, thus, these trainees could
concentrate all their resources on practicing vehicle control and learning the road layout.

4.2. Motorcycle Perceptibility on Rural Roads with High Contrast

The descriptive data analysis indicates that the variable priority group performed
slightly better than the other groups on rural roads with good contrast, but the results did
not reach statistical significance. Thus, for the typical accident scenarios on rural roads, the
training method did not make a significant difference to the perceptibility of motorcycles.
Probably, these motorcycle encounter scenarios on rural roads were more challenging.

4.3. Motorcycle Perceptibility on Rural Roads with Low Contrast

On rural roads with low contrast, the variable priority training resulted in significantly
better motorcycle perceptibility performance as compared to the other training methods
and the control group. This was the post-test condition with the highest level of difficulty
because of the low contrast, and also because all groups only trained in conditions of high
contrast between the motorcycle and the environment. These results confirm the results
of Gopher et al. [43], indicating that the VP training group benefited from the objective
performance feedback and developed strategies to flexibly meet the task demands. Training
with equal priority resulted in similar performance levels in the groups equal priority and
equal priority with warning. Interestingly, the training with a motorcycle warning system
did not result in better performance in post-test when the warning was not available
anymore. As expected, the control group showed the lowest level of performance, meaning
that they detected motorcycles later than the participants from other groups, when the
separation time was shorter.

4.4. Overall Discussion

These results show that VP training in the driving simulator has a positive effect on
the early perceptibility of motorcycles. Therefore, the number and severity of collisions
for typical car–motorcycle encounters [34] could be reduced through the early detection
of motorcycles by the car driver. Thus, the benefit of task-sharing skills developed by VP
training seems to be more powerful than practicing typical car–motorcycle encounters
when the learner drivers try to do their best (equal priority group) or when they try to
do their best and have experience with a motorcycle warning system (equal priority and
warning group). Since perceptibility issues are considered to be responsible for a major part
of severe motorcycle accidents, simulator-based VP training has the potential to increase
motorcycle safety.

Beyond the objective benefits of simulator training, the results also show that the
learner drivers appreciated the opportunity to practice in the simulator. Most of the
trainees from each group considered the simulator training useful and would recommend
it to somebody else. A number of trainees reported that they would continue to train if they
had the possibility to do so. As noted in previous research, the trainees appreciated the
benefits of simulators for practicing realistic critical situations that would be impracticable
or unsafe to create and practice in reality [39–41].

Training for improving hazard perception in learner drivers was recommended by
previous studies [20,21]. Positive effects have been reported for different types of training,
such as video material [23], online hazard perception training [26], proactive listening to
training commentaries [25], or driving simulator training [27]. However, to our knowledge,
this is the first study implementing and assessing the VP paradigm in a driving simulator
with the purpose of improving the motorcycle detection performance of learner drivers.
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5. Conclusions

The training had different effects on the performance of learner drivers in the driving
simulator depending on the training method used. The variable priority training signifi-
cantly improved performance for both the early detection of motorcycles on urban roads
and on rural roads with low contrast. This compared to the training methods equal pri-
ority and equal priority with warning. These results partly confirm the results of Gopher
et al. [43,44]. The one-hour training program in the driving simulator in the present study
had a positive effect. The presented method is a useful tool to reduce the number of
accidents and accident operations and thus, the social and economic costs. Sensitizing the
learner drivers to recognize motorcyclists could help car drivers to avoid critical situations
that lead to accidents. The present study shows how the human factor can be considered
for accident prevention in the whole system, including the road, the vehicle and the human.
The recognizability of motorcyclists depending on the road environment has to be trained
in order to sustainably reduce the number of motorcycle accidents. In the future, the
duration of simulator-based driver training could be extended, since many of the learner
drivers could imagine having the training period extended. Most learner drivers reported
that the simulator training was useful, because it provided an opportunity to practice with
dangerous scenarios. Such safety-critical motorcycle encounters can only be practiced
in a driving simulator. The learner drivers are thus given the opportunity to familiarize
themselves with motorcycle-related hazards. Training in the simulator, however, cannot
replace practical training in the vehicle, on the road. However, the simulator training can
help to recognize dangerous situations between cars and motorcycles at an early stage, and
thus to react in a way that avoids accidents.
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