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Abstract. With the prosperous growing of intelligent technology, the auto-
mobile industry is developing towards an unmanned and intelligent generation.
However, making a car drive in a human-like way is still a great challenge to
engineers, which slows the adoption of such cars in a mass scale. Considering
human perception capabilities during the design process might be a solution to
this problem, and hazard perception is of great important.
The aim of the study is to propose a theoretical framework for exploring the

relationship between driving environment and human perceived hazards to give
suggestions on designing human-like vehicle controllers. Correlating objective
environmental factors with subjective hazard ratings. Human-in-the-loop
experiments were carried out on a high-fidelity driving simulator. 27 driving
scenarios were designed and implemented for 14 participants to acquire their
subjective hazard ratings, while objective measurements were also recorded.
Specifically, by using the proposed methodology hazard perception level of

passenger can be measured by using the subjective parameters adopted during
the experiment, which stands for the subjective assessment of passenger’s
hazard perception. To find what dynamic parameters having a significant cor-
relation with hazard perception level, a seven scale of subjective hazard per-
ception was defined from –3 to 3, namely over dangerous, dangerous, a little
dangerous, normal, a little cautious, cautious, overcautious. Objective measures
of environment include the velocity and acceleration of the subjective car and
the distance between the subjective car and obstacle. A 3*3*3 mixed ANOVA
was carried out in our study in order to find out the correlation between the
environment and subjective assessment. The finding shows us that the interac-
tion of velocity and acceleration and distance has a strong correlation with the
passenger’s hazard perception. The others show no correlation be-tween hazard
perception assessment.
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This research is with great potential to improve the development of Advanced
Driver Assistant System (ADAS) and intelligent automobile from a human
perspective. The findings can also be applied to the design of vehicle controllers
to improve the passenger’s comfort by knowing that on what condition or what
kind of control the passenger will feel dangerous and uncomfortable.

Keywords: Passenger � Hazard perception � Subjective � Objective �
Driving simulator

1 Introduction

Road safety is achieved when the ‘driver-road-vehicle’ system works well. Among
these three elements, the driver, without any doubt, may best affect the proper func-
tioning of the interaction [1]. However, with the increasing development of internet, the
automobile is becoming more and more intelligent and driverless. Every participant in
car paly a same important role in the future ‘driver-road-vehicle’ system.

There are many studies showed that hazard perception is a critical factor to acci-
dents. According to Horswill and McKenna [2], among the different components of
driving skill, only hazard perception has been correlated with traffic-accident
involvement across a number of studies [3–5]. With the increasing attention on road
accident, hazard perception is becoming an increasingly significant research hotpot.

The assessment of hazard perception is often subjective because the perception is
highly individual, depending on personal experiences with accidents and potential
rewards of risk-taking [6]. Therefore, it is reasonable to measure the passenger’s
subjective risk perception level. The objective situation can be defined as the subject
car’s kinematic parameters (acceleration, speed and distance between the subjective car
and obstacle on the road.). Moreover, the methods only consider subjective judgments
with experiences, but no specific trip. Thus there almost no such study combining the
subjective rating, objective dynamic parameter together. The aim of the study is to find
out the correlation between passenger’s hazard perception and objective environment.
Based on study, we can learn about under what kind of condition, the passenger will
feel dangerous and uncomfortable. We can adjust the parameters of a car to control the
driving behavior in cased of that the passenger is involved in a situation where he or
she think is dangerous. It will make a big difference if we adopted this to the Advanced
Driver Assistant Systems (ADAS). The aim of the experiment is to find out what is the
significant objective environment factor that effect the passenger’s hazard perception
level based on both objective and subjective parameters. Compared with other literature
studies, we retain that the proposed methodology has some advantages, the primarily
advantage is that we transfer our focus on passenger’s hazard perception not the driver,
which could be very different from the other existed study. In addition, our proposed
methodology combined both objective parameters and subjective judgment of the
hazard perception level.

Numerous studies have focused on the driver’s hazard perception. Few of the re-
searches focused on the passengers and their hazard perception, even though passen-
gers are also the car user and should be considered as the same importance as driver.
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A brief review about hazard perception would be reported in the next section. After the
short introduction, we proposed a literature review in the following section about the
hazard perception. Then, we depict our method combing both the subjective and
objective measures of hazard perception. A brief description including participants, 27
scenarios, instruments used for collecting data about the objective and subjective
judgments of hazard perception will be introduced in detail. Data analysis is described
later. Finally, a conclusive section is reported.

2 Literature Review

The literature search was conducted using Google Scholar, because this search engine
adopts full-text search and has broad coverage [7–9]. Searches were using the fol-
lowing key words: hazard perception”, “situation awareness”, “hazard aware-ness”,
“risk perception”.

Hazard perception (HP) has been defined differently by many researchers [10].
Wilde [11] and Mackenna [12] firstly defined hazard perception as the ability to
anticipate dangerous situations on the road ahead. While Mills et al. [13] described
hazard perception as the ability to read the road. Later on Horswill and McKenna [2]
added that hazard perception may be regarded as situation awareness for hazardous,
dangerous situations and McKenna, Horswill, and Alexander [12] appended the ability
anticipating forthcoming events to the definition. David Crundall [14] said hazard
perception (HP) is the process of detecting, evaluating and responding to dangerous
events on the road, which have a high likelihood of leading to a collision. One
increasingly common description is ‘the ability to predict dangerous situations on the
road [2, 15].

The literature about the hazard perception almost studied on the driver’s hazard
perception. Even though there are little few research studied on the passenger’s hazard
perception, we can still learn something useful to the hazard perception study. Research
on driver’s hazard perception can be divided into 3 types: (1). the relation between
hazard perception and driving experience; (2). the relation between age, gender,
nationality and hazard perception; (3). Hazard perception test.

The first type of research focus on whether the driver’s driving experience has
influence on the hazard perception or not and how the experience affects hazard per-
ception according to references [14, 16–21] relevant to some research about experience
and hazard perception. They try to figure out whether or not the driving experiences
have influence on the hazard perception and how can we discriminate the driving
strategy depend on the driver’s experience. The other type about hazard perception is
about gender, age or nationality. References [16, 20, 22, 23] study on the relationships
between the age and hazard perception to find how the age plays an effects in terms of
the ability of hazard perception and what’s the differences between different kind of
people at different age. References [24, 25] pay their attention on the nationality. That
is whether the culture or environment will affect their hazard perception ability or not
and how it plays. Meanwhile, there are also some researchers [19, 21, 26–28] who
focused on the hazard perception test (HPT), trying to find out the importance of HPT
on driver at different period of age or experiences.
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Part 1 is mainly talking about what and how the researchers do with the experiment
environment where can be broadly divided into four categories: (1). Using a static
pictures; (2). Using a traffic clips; (3). PC-based prototype driving-simulator; (4). Real
road driving.

There are three categories strategies of evaluating hazard perception ability in the
study: (1). Questionnaire; (2). Using a button, which will be pressed when, the par-
ticipant percept the hazard; (3). Thinking aloud (or Verbal Protocol Analysis);

Using the static pictures and traffic clips can be considered the traditional ways used
in hazard perception study. There are a lot of studies based on the traditional ways [14,
16–21, 24, 26]. Recently, the simulator becomes more and more popular in the hazard
perception research like reference [23] using it to fulfill the study. With the advantage
of allowing researchers to evaluate a driver’s ability by parameters such as angles of
steering wheel, accelerator, and brake force, driving simulation tests are often used to
ascertain driving skills [29–33]. Therefore, it is not only more approaching to reality
than desktop neuropsychological tests, but also they are cheaper and more efficient than
evaluations of on-road driving test [30]. However, there are some researchers [22, 34]
trying to move their experiments to real road, which would be more dangerous and
difficult. Considering the convenience, high efficiency and safety of the participant
during the experiment, we decided to use a driving simulator to achieve our goal.

A questionnaire is often used to measure the driving experience and the self-
assessment of hazard-perception skills [23, 24, 27, 35–38] of the participants. The
questionnaire can involve some demographic question and some other question like the
frequency they drive, the score to measure how dangerous some traffic scene or
something else. Specially, the questionnaire is to find out where, which, what is the
hazard [24]. Another way used in hazard perception study is using a press button
[16, 17, 20] or using the touch screen [21, 26] or computer mouse [19, 39–41]. The
participant can press button or touch the screen or click the mouse when perceive the
hazard, which can be collected as response data for researchers. It is a novelty approach
called ‘Think aloud’ (or Verbal Protocol Analysis) used in reference [22]. Participants
give continual commentary when they are driving in the real road. In addition, refer-
ence [1] combined the objective (like self-assessment) and subjective (speed and
acceleration) measure to define the accident risk level. These novelty approaches are
very important to improve our study of hazard perception.

In the study about hazard perception, variables about response are widely used, like
response time, average response time, response latency, response sensitivity, miss,
false, false alarm. In addition, eye tracking is the most used assistant way in the
experiment. Also, some studies use some biological indicator to describe the partici-
pants’ performance, such as palmar sweating response (PSR), electrodermal activity
(EDA) in Reference [23]. There are a several of methods used to analysis the exper-
iment data. ANOVA is obvious one of the most popular method used to find out the
correlation between factors and hazard perception, which can be proved in References
[16, 17, 21] et al. Meanwhile, chi-square analysis is widely used, in particular, to
process data in categorization task [17]. Some studies [17, 21] applied logistic
regression to fulfill predictive purpose. In their study, the participants watching the
clips involve different kind of hazard would have different performance. Then, logistic
regression was applied to divide drivers into two groups: novice or experienced,
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depending on the variables the researchers defined. Moreover, there are some other
methods are used, like Poisson regression [26], Paired t-tests [17], Leximancer software
[22], Fisher’s exact test [17], Cronbach’s alpha [25, 26] and Pearson product–moment
correlation coefficient [23].

Generally, in the literature, there are many subjects on hazard perception, which
were divided into three types before. However, few of them combining the subjective
parameters and objective parameters together, neither the study focus on passengers’
hazard perception level. However, Eboli [1] defined the accident risk level by intro-
ducing a novel methodology, which combines the objective and subjective measures of
driving style.

The aim of the study is to find out what parameter standing for the objective
environment has a strong correlation with the passenger’s hazard perception rating
through the methodology, which combines both subjective and objective parameters.

By the use of the proposed methodology, the hazard perception level of the pas-
senger can be tested by using the subjective parameters collected during the experi-
ment. Our study defined a seven scale of passenger’s subjective hazard perception
(over dangerous, dangerous, a little dangerous, normal, a little cautious, cautious,
overcautious), and try to find the dynamic parameters which have significant correla-
tion with hazard perception level.

It is believed that the research can give a great contribution to improving the
Advanced Driver Assistant System (ADAS) and the development of the intelligent
automobile. What’s more, the study can make a big difference in ADAS to improve the
passenger’s comfort when they are in a road trip if knowing that on what condition or
what kind of control the passenger will feel dangerous and uncomfortable.

3 Method

We design a 3 � 3 � 3 mixed experiment depending on three factors, velocity,
acceleration and distance. The simulator will be drove in a controlled condition, where
the velocity, acceleration and distance is pre-designed. The experimenter will drive at a
specific speed Vs (30 km/h, 70 km/h, 110 km/h) and complete a braking task when
there is an obstacle appearing in front of the road. By giving a sign to tell the driver
where to start braking at the scenario, the acceleration will be controlled at a constant
(–1 m/s2, –3 m/s2, –6 m/s2). The distance between the subjective car and the obstacle is
settled at d = (1 + d’) � d0, d0 = v2/2a and d’ = (5%, 10%, 15%). Three velocities
represent different speed level (low, normal, high) of the car. As the same, three
accelerations standing for three kind of driving style (aggressive, normal, cautious) to
stop the car. It also goes for three distance. Participants are required to give a hazard
perception rating to describe the own feeling and judgement about the braking task.
Each participant is required to complete a questionnaire including a rating scale, which
is a subjective self-assessment questionnaire of perceived hazard. Participants express a
level from –3 (extremely dangerous) to +3 (extremely cautious).

Before the experiment, a hypothesis was proposed that the interaction of velocity,
acceleration and distance has a strong relation with the passenger’s hazard perception.
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3.1 Participants

The participant sample is made up of 14 licensed student drivers and they all are
between 23 and 26 years old. Even though they are qualified to be a driver, but during
the experiment they are just told to act like a passenger siting on copilot seat and no
need to drive.

All of the participants were recruited among university students to be told to know
very well the objectives of our research and the proposed methodologies.

To make sure the participants to be representative the age, gender and driving
experience of participants should be random.

3.2 Simulator and Questionnaire

To create the virtual driving environment and conduct the experiment, a fixed-base
fidelity-driving simulator is used (Fig. 1). The driving simulator is made up of a
cockpit, which is equipped with all necessary control systems similar to a real car. The
graphics system includes three 42″projectors displays with a front screen resolution of
1920 � 1080 dpi and the two side screens resolution of 1360 � 768 dpi. The displays
are situated around the cockpit and provide a 150° horizontal and 40° vertical per-
spective. The scenarios are presented at a rate of 60 frames per second. Speedometer,
rear- and side-view mirror information is visible on the center and side LCD screens. In
addition, the driving simulator is equipped a 3D sound system, which can provide a
rich audio environment with the sound of the engine, wind and tires. Vehicle vibrations
are also simulated via a bass speaker under the driver seat. Steering wheel, gas pedal,
brake pedal and car seats are all taken from the vehicle of Ford.

In order to find the correlation combining the objective and subjective measures.
Objective data was pre-designed and controlled by experimenter. For the objective
data, we can get it through a questionnaire (Table 1). Each participant in our study is
required to finish a questionnaire that includes a rating scale, which is a subjective self-
assessment about perceived hazard during the experiment. Specifically, participants is
asked to make a self-evaluation of the hazard perception level by expressing a level
according to a numerical rating scale about a pair of adjectives representing from over-
dangerous to overcautious. We decided to use a Semantic Difference Scale (SDS) to

Fig. 1. Fixed-base driving simulator used in the experiment
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quantify the location which associated with the distance from the center to the corre-
sponding “0” value. The extreme position (near to the adjectives) has the highest value,
while the position near to the center have the lowest value. The sign (positive or
negative) is associated with the values that identifying the distance from the center for
indicating the direction of the distance: it is a convention that the positive sign is on the
right, and the negative sign is on the left. Nevertheless, both the extreme position stands
for a bad performance: the left means too dangerous under that condition; the right
means too cautious which is also considered as a bad performance. There is no doubt
that over-aggressive or aggressive behavior will make us feel dangerous. However, it is
acknowledged now that driving too cautious also have a terrible influence on the traffic
environment and make the passenger feel nervous. Participants express a level from
–3 (over dangerous) to +3 (overcautious).

By combining the two kind of data: the objective data controlled by simulator the
subjective judgment from participants.

3.3 Driving Scenarios

The survey pre-designed the experiment scenarios (Table 2).
The main task is a braking task, which there is the situation where the experimenter

found out the object car and began to brake in one way until the subjective car stopped.
Depending on velocity, acceleration, and distance, we created four scenarios including
one training scenario and three main task scenarios to stand for different kind of
situation. Each main task scenario is made up of nine trips, and in each end of a trip,
there will be a van stopped still in front of the lane as an obstacle. When the subjective
car driving at a giving condition, the hazard in our study was pre-created.

To make sure the car was drove at one of 27 given scenarios. At first, there will be a
speed signal to mind the driver who drive the simulate car to keep the speed as the
study asked (30 km/h, 70 km/h, 110 km/h). Then after driving about 200 m later, there
will be a sign for driver to start braking. By means of the simulator, when the car was
braking, the acceleration of the subject was pre-set at a constant value (–1 m/s2,
–3 m/s2, –6 m/s2). Therefore, it was actually a uniform deceleration. The braking signal
was placed in front of the van at a calculated distance, which is 5%, 10% and 15%

Table 1. Subjective hazard perception rating scale

Hazard perception rating

Over dangerous and uncomfortable –3
Dangerous and uncomfortable –2
Just feel a little dangerous and uncomfortable –1
Normal and comfortable 0
A little cautious and uncomfortable 1
Cautious and uncomfortable 2
Overcautious and uncomfortable 3
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longer than the uniform deceleration distance of the subject car. The training scenario
was built to get the participants warmed up before the main test began, which was
almost like the main task scenario, with the number of obstacle and the acceleration
different from main scenario. In the training scenario, the number of van is 5, and
acceleration was not pre-designed and controlled exactly. However, the subject car will
be brake in three way (overaggressive, normal, and overcautious) randomly to simulate
our main task.

What’s more, the journey on the two lane suburban way is about 15 km.

3.4 Procedure

Fifteen participants (12 men and 3 women) were tested in 27 scenarios lasting
approximately 1.5 h. A consent was obtained from each participant after the study

Table 2. Pre-designed 27 experiment scenarios

Vs a d’

Scenario 1 30 –1 5%
Scenario 2 30 –1 5%
Scenario 3 30 –1 5%
Scenario 4 70 –1 10%
Scenario 5 70 –1 10%
Scenario 6 70 –1 10%
Scenario 7 100 –1 15%
Scenario 8 100 –1 15%
Scenario 9 100 –1 15%
Scenario 10 30 –3 5%
Scenario 11 30 –3 5%
Scenario 12 30 –3 5%
Scenario 13 70 –3 10%
Scenario 14 70 –3 10%
Scenario 15 70 –3 10%
Scenario 16 100 –3 15%
Scenario 17 100 –3 15%
Scenario 18 100 –3 15%
Scenario 19 30 –6 5%
Scenario 20 30 –6 5%
Scenario 21 30 –6 5%
Scenario 22 70 –6 10%
Scenario 23 70 –6 10%
Scenario 24 70 –6 10%
Scenario 25 100 –6 15%
Scenario 26 100 –6 15%
Scenario 27 100 –6 15%
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being described in detail. Our experimental procedure included a training session and
main task session. Participant would be asked to finish the main task after being
trained.

Before the training session participant was asked to read the instruction. Then the
experimenter would guide the participant to fulfill the training session. Each time the
experimenter finished one training task, the participants were required to give a score to
describe the own feeling and judgement about the braking task.

Next, the participants would be asked to fulfill the 27 main tasks as a passenger. In
each scenario, subject car would be drove by the same driver on the road in a given
order. Once driver finished a driving scenario, the participant should give the score of
the hazard perception each time. Between each session, participants can had a rest
about one minute. The procedure would repeat for 27 times until the main tasks are
finished (Fig. 2).

3.5 Data Collection

3.5.1 Variables
In our study, we aim to find the correlation between the passenger’s hazard perception
and objective parameters (velocity, acceleration and distance). Hazard perception rating
of each session has been treated as an exogenous variable, and three factors are treated
as endogenous variable. The independent variables in the experiment is velocity,
acceleration, and distance, which respectively has three levels.

3.6 Design

With the specific aim of finding the correlation between hazard perception rate and
objective environment factors the experiment is conducted.

A 3 � 3 � 3 mixed design is used. The between groups factors are the velocity,
acceleration and distance between objective car and obstacle when the braking task is
finished. The groups factor are different level, such as velocity (low: 30 km/h, normal:
70 km/h, high: 110 km/h), acceleration (overcautious: –1 m/s2, normal: –3 m/s2,
overaggressive: –6 m/s2).

Fig. 2. Experiment scene
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To determine whether there is any relationship between the participant’s hazard
perception rating and the objective environment factors (velocity, acceleration, dis-
tance), we carry out a 3 � 3 � 3 ANOVA with velocity (30 km/h, 70 km/h, 110 km/h)
and acceleration (low, normal, high) and distance (5%, 10%, 15%) as independent
variables, hazard perception rating as the dependent variable.

4 Data Analyze

As is shown in Table 3, we found out that the interaction of velocity, acceleration and
distance shows significant influence on hazard perception score, F(8,351) = 2.324,
P = 0.019 < 0.05, that is, the interaction of two independent variables has different
influence on the dependent variable at different levels of the third dependent variable.
Therefore, it’s necessary for us to have a simple two-way interaction test to find out
whether the two-factor interactions have significant effect on HP score or not.

In our study, we analyzed the impact of acceleration and distance interaction on HP
score when velocity at different level. As highlighted in Table 4, when the velocity was
100 km/h, F (4,351) = 2.755, p = 0.028 < 0.05, it mean that the interaction of accel-
eration and distance is statistically significant, that is, the acceleration and distance
interaction has impact on HP rating when velocity is 100 km/h. However, when
velocity was 30 km/h, F (4,351) = 2.371, p = 0.052 > 0.05, it shows no statistically
significance, which means the interaction of acceleration and distance had no influence
on HP score (v = 30 km/h). In addition, the results of statistical analyses indicated that
the interaction of acceleration and distance has no significant effect on dependent
variable when velocity is 70 km/h, F (4,351) = 0.540, p = 0.706 > 0.05.

According to Table 4, we just need to analyze the influence when velocity is
100 km/h (p = 0.028 < 0.05). Pairwise comparisons is shown in Table 5. As is shown
in Table 5, there is no statistically significance when velocity is 100 km/h and accel-
eration is –1 m/s2 (p = 1.000 > 0.05). Table 66 also highlights the comparison
between different level of distance, 5% and 10%, 5% and 15%, 10% and –15%,
respectively. The correlation between 15% group and HP rating is significantly higher
than that in 5% group, p < 0.001, and the correlation between 10% group and HP

Table 3. Test of between subjects effects

Source df Mean square F p

Velocity 2 120.495 40.703 <0.001
Acceleration 2 144.844 173.052 <0.001
Distance 2 26.963 32.214 <0.001
Velocity*Acceleration 4 68.979 82.412 <0.001
Velocity*Distance 4 1.574 1.881 .113
Acceleration*Distance 4 .852 1.018 .398
Velocity*Acceleration*Distance 8 1.945 2.324 .019
aR Squared = .751(Adjusted R Squared = .732)
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rating is significantly higher than that in 5% group, p = 0.006 < 0.05. However, there
is no significant difference between 15% group and 10% group, p = 1.00 > 0.05. In
addition, when velocity is 100 km/h and acceleration is –2 m/s2, the result of pairwise
comparisons shows that The correlation between 15% group and HP rating is signif-
icantly higher than that in 5% group, p < 0.001. It also shows that there has significant
difference between 10% group and 5% group, p = 0.012 < 0.05. However, there is no
sig-indicant difference between 15% group and 10% group, p = 0.119 > 0.05.

Table 4. Simple two factor interaction test result

Velocity source Sum of Squares df Mean Square F p

100 km/h Contrast
Error

9.222 4 2.306 2.755 .028
293.786a 351a .837

30 km/h Contrast
Error

7.937 4 1.984 2.371 .052
293.786a 351a .837

70 km/h Contrast
Error

1.810 4 .452 .540 .706
293.786a 351a .837

Table 5. Result of Pairwise Comparisons

v a (I)d (J)d Mean
difference
(I–J)

Std.
error

Sigb 95% Confidence
internal for
difference
Lower
bound

Upper
bound

High High Max Mid .286 .346 1.000 –.546 1.118
Min 1.357* .346 <0.001 .525 .546

Mid Max –.286 .346 1.000 –1.118 1.290
Min 1.071* .346 0.006 .240 1.903

Min Max –1.357* .346 <0.001 –2.189 –.525
Mid –1.071 .346 .0.006 –1.903 –.240

Mid Max Mid .714 .346 .119 –.118 1.546
Min 1.714* .346 <0.001 .882 2.546

Mid Max –.714 .346 .119 –1.546 .118
Min 1.000* .346 .012 .168 1.932

Min Max –1.714* .346 <0.001 –2.546 –.882
Mid –1.000* .346 .012 –1.832 –.168

Small Max Mid .071 .346 1.000 –.760 .903
Min .214 .346 1.000 –.618 1.046

Mid Max –.071 .346 1.000 –.903 .760
Min .143 .346 1.000 –.689 .975

Min Max –.214 .346 1.000 –1.046 .618
Mid –.143 .346 1.000 –.975 .689
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5 Conclusion and Future Work

In our simulator study, effects of the velocity, acceleration, and distance, which stand for
the objective environment on the passengers’ hazard perception rating, were examined.

Similar to what we expected, we initially hypothesized that the interaction of
velocity, acceleration and distance has a strong correlation with participants’ hazard
perception rating. As is shown in the result, the interaction of the three subjective
parameter shows strong correlation between hazard perception level. However, the
simple two factor result demonstrate that only when the velocity is high (v = 100 km/h),
the interaction of acceleration and distance has influence on passenger’s HP assessment.
However, the result shows us that the interaction of acceleration and distance is not
statistically significant when acceleration is –1 m/s2. The pairwise comparisons result
also shows us that level of objective parameter (distance) has significant impact on the
hazard perception assessment.

In summary, this study, which focused on passenger’s hazard perception not the
driver’s providing a novel experiment that combines both objective measurement and
subjective measure together to investigate the relation of hazard perception rating and
the objective environment parameters. This study was also the first research to focus the
passenger’s hazard perception, proving that velocity, acceleration and distance are
significantly associated with the passenger’s hazard perception.

With the internet industry growing prosperous, the automobile industry is gradually
developing towards the unmanned and intelligent way. The most participants when
during an automobile will be the passenger not the driver. It is more and more
important for us to focus on the passenger. In addition, with the rapidly developing of
ADAS, it should not just focus on the driver but also the passenger.

Our study focusing on the passenger would have some disadvantages. Firstly, the
simulator will lose some feeling that will be important for passenger to feel the situ-
ation. Secondly, it will be more convincible for the study if there will be more par-
ticipants involved in the study. What’s more, the study did not consider about the
difference of participant’s gender, age, weather a driver and so on.

In our future, we can move the experiment to the real road, which would be less
efficient and less convenient but more real. It is possible for us to increase the number
of participant, too. In addition, we can take the participants’ age, gender, driver or not,
novice or experienced into consideration. Furthermore, we can build up a model
depending on such researcher to anticipate the passenger’s hazard perception. So that
the ADAS can be more humanized.

References

1. Eboli, L., Mazzulla, G., Pungillo, G.: How to define the accident risk level of car drivers by
combining objective and subjective measures of driving style. Transp. Res. Part F Emerg.
Technol. 49, 29–38 (2017)

2. Horswill, M.S., McKenna, F.P.: A cognitive approach to situation awareness: theory and
application. In: Banbury, S., Tremblay, S. (eds.) Aldershot, pp. 155–175. Ashgate
Publishing (2004)

3. Peltz, D.C., Krupat, E.: Caution profile and driving record of undergrad males’. Accid. Anal.
Prev. 6, 45–58 (1974)

How to Define the Passenger’s Hazard Perception Level 51



4. McKenna, F.P., Crick, J.L.: Hazard perception in drivers: a methodology for testing and
training. Final Report. Behavioural Studies Unit, Transport and Road Research Laboratory,
Crowthorne, UK (1991)

5. Elander, J., West, R., French, D.: Behavioural correlates of individual differences in road-
traffic crash risk: an examination of methods and findings. Psychol. Bull. 113, 279–294
(1993)

6. Nevelsteen, K., Steenberghen, T., Van Rompaey, A., Uyttersprot, L.: Controlling factors of
the parental safety perception on children’s travel mode choice. Accid. Anal. Prev. 45, 39–49
(2012)

7. De Winter, J.C.F., Zadpoor, A.A., Dodou, D.: The expansion of Google Scholar versus web
of science: a longitudinal study. Scientometrics 98, 1547–1565 (2014). https://doi.org/10.
1007/s11192-013-1089-2

8. Gehanno, J.-F., Rolin, L., Darmoni, S.: Is the coverage of Google Scholar enough to be used
alone for systematic reviews. BMC Med. Inf. Decis. Mak. 13, 7 (2013). https://doi.org/10.
1186/1472-6947-13-7

9. Shariff, S.Z., Bejaimal, S.A., Sontrop, J.M., Iansavichus, A.V., Haynes, R.B., Weir, M.A.,
et al.: Retrieving clinical evidence: a comparison of PubMed and Google Scholar for quick
clinical searches. J. Med. Internet Res. 15 (2013). https://doi.org/10.2196/jmir.2624

10. Jackson, A.L., Chapman, P., Crundall, D.: What happens next? Predicting other road users’
behaviour as a function of driving experience and processing time. Ergonomics 52(2), 154–
164 (2009)

11. Wilde, G.J.S.: The theory of risk homeostasis: implications for safety and health. Risk Anal.
2, 209–225 (1982)

12. McKenna, F.P., Horswill, M.S., Alexander, J.: Does anticipation training affect drivers’ risk
taking? J. Exp. Psychol. Appl. 12(1), 1–10 (2006)

13. Mills, K.L., Hall, R.D., McDonald, M., Rolls, G.W.P.: The effects of hazard perception
training on the development of novice drivers’ skills. Report to Department Environment,
Transport and Regions (1998). http://www.roads.detr.gov.uk/roadsafety/hazard

14. Crundall, D., Chapman, P.: Some hazards are more attractive than others: drivers of varying
experience respond differently to different types of hazard. Accid. Anal. Prev. 45, 600–609
(2011)

15. Wetton, M.A., Hill, A., Horswill, M.S.: Are what happens next exercises and self-generated
commentaries useful additions to hazard perception training for novice drivers? Accid. Anal.
Prev. 54, 57–66 (2013)

16. Borowsky, A., Shinar, D., Oron-Gilad, T.: Age, skill, and hazard perception in driving.
Accid. Anal. Prev. 42(4), 1240–1249 (2010)

17. Borowsky, A., Oron-Gilad, T.: Exploring the effects of driving experience on hazard
awareness and risk perception via real-time hazard identification, hazard classification, and
rating tasks. Accid. Anal. Prev. 59, 548–565 (2013)

18. Crundal, D.: Hazard prediction discriminates between novice and experienced drivers.
Accid. Anal. Prev. 86(2016), 47–58 (2015)

19. Horswilla, M.S., Taylora, K.: Even highly experienced drivers benefit from a brief hazard
perception training intervention. Accid. Anal. Prev. 52(2013), 100–110 (2012)

20. Borowsky, A., Oron-Gilad, T., Parmet, Y.: Age and skill differences in classifying hazardous
traffic scenes. Transp. Res. Part F: Psychol. Behav. 12(2009), 277–287 (2009)

21. Scialfa, C.T., Deschênes, M.C.: A hazard perception test for novice drivers. Accid. Anal.
Prev. 43(1), 204–208 (2010)

22. Key, C.E.J., Morris, A.P., Mansfield, N.J.: A study investigating the comparative situation
awareness of older and younger drivers when driving a route with extended periods of
cognitive taxation. Transp. Res. Part F Traffic Psychol. Behav. 2017, 145–158 (2017)

52 Q. Hu et al.

http://dx.doi.org/10.1007/s11192-013-1089-2
http://dx.doi.org/10.1007/s11192-013-1089-2
http://dx.doi.org/10.1186/1472-6947-13-7
http://dx.doi.org/10.1186/1472-6947-13-7
http://dx.doi.org/10.2196/jmir.2624
http://www.roads.detr.gov.uk/roadsafety/hazard


23. Takahashi, R., Kobayashi, M.: Driving simulation test for evaluating hazard perception:
Elderly driver response characteristics. Transp. Res. Part F Traffic Psychol. Behav. 49(2017),
257–270 (2017)

24. Lim, P.C., Sheppard, E., Crundall, D.: A predictive hazard perception paradigm
differentiates driving experience cross-culturally. Transp. Res. Part F Traffic Psychol.
Behav. 26(2014), 210–217 (2014)

25. Oviedo-Trespalacios, O., Scott-Parker, B.: Transcultural validation and reliability of the
Spanish version of the behaviour of young novice drivers scale (BYNDS) in a Colombian
young driver population. Transp. Res. Part F Traffic Psychol. Behav. 49(2017), 188–204
(2017)

26. Scialfa, C.T., Rosemary, S.: Short-term reliability of a brief hazard perception test. Accid.
Anal. Prev. 73(2014), 41–46 (2014)

27. Rosenbloom, T., Shahar, A.: Risk perception of driving as a function of advanced training
aimed at recognizing and handling risks in demanding driving situations. Accid. Anal. Prev.
40(2008), 697–703 (2007)

28. Scialfa, C.T., Borkenhagen, D.: A comparison of static and dynamic hazard perception tests.
Accid. Anal. Prev. 51(2013), 268–273 (2012)

29. Freund, B., Colgrove, L.A., Burke, B.L., McLeod, R.: Self-rated driving performance among
elderly drivers referred for driving evaluation. Accid. Anal. Prev. 37(4), 613–618 (2005)

30. Lee, H.C., Cameron, D., Lee, A.H.: Assessing the driving performance of older adult
drivers: On-road versus simulated driving. Accid. Anal. Prev. 35(5), 797–803 (2003)

31. Andrews, E.C., Westerman, S.J.: Age differences in simulated driving performance:
compensatory processes. Accid. Anal. Prev. 45, 660–668 (2012)

32. Fildes, B., Charlton, J., Muir, C., Koppel, S.: Driving responses of older and younger drivers
in a driving simulator. Ann. Proc. Assoc. Adv. Automot. Med. 51, 559–572 (2007)

33. Stein, A.C., Dubinsky, R.M.: Driving simulator performance in patients with possible and
probable Alzheimer’s disease. Ann. Adv. Automot. Med. Ann. Sci. Conf. 55, 325–334
(2011)

34. Eboli, L., Mazzulla, G., Pungillo, G.: The influence of physical and emotional factors on
driving style of car drivers: a survey design. Travel Behav. Soc. 7, 43–51 (2017). https://doi.
org/10.1016/j.tbs.2017.02.001

35. Gwyther, H., Holland, C.: The effect of age, gender, and attitudes on self-regulation in
driving. Accid. Anal. Prev. 45, 19–28 (2012)

36. Horswill, M.S., Anstey, K.J., Hatherly, C., Wood, J.M., Pachana, N.A.: Older drivers’
insight into their hazard perception ability. Accid. Anal. Prev. 43, 2121–2127 (2011)

37. Meng, A., Siren, A.: Cognitive problems, self-rated changes in driving skills, driving-related
discomfort and self-regulation of driving in old drivers. Accid. Anal. Prev. 49, 322–329
(2012)

38. Ram, T., Chand, K.: Effect of drivers’ risk perception and perception of driving tasks on road
safety attitude. Transp. Res. Part F: Psychol. Behav. 42, 162–176 (2016)

39. Smith, S.S., Horswill, M.S., Chambers, B., Wetton, M.: Hazard perception in novice and
experienced drivers: the effects of sleepiness. Accid. Anal. Prev. 41(4), 729–733 (2009)

40. Poulsen, A.A., Horswill, M.S., Wetton, M.A., Hill, A., Lim, S.M.: A brief office-based
hazard perception intervention for drivers with ADHD symptoms. Aust. N. Z. J. Psychiatry
44(6), 528–534 (2010)

41. Preece, M.H., Horswill, M.S., Geffen, G.M.: Driving after concussion: the acute effect of
mild traumatic brain injury on drivers’ hazard perception. Neuropsychology 24(4), 493–503
(2010)

How to Define the Passenger’s Hazard Perception Level 53

http://dx.doi.org/10.1016/j.tbs.2017.02.001
http://dx.doi.org/10.1016/j.tbs.2017.02.001

	How to Define the Passenger’s Hazard Perception Level by Combining Subjective and Objective Measures?
	Abstract
	1 Introduction
	2 Literature Review
	3 Method
	3.1 Participants
	3.2 Simulator and Questionnaire
	3.3 Driving Scenarios
	3.4 Procedure
	3.5 Data Collection
	3.5.1 Variables

	3.6 Design

	4 Data Analyze
	5 Conclusion and Future Work
	References




