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Abstract: Young novice drivers are more prone than older drivers to get involved in a risky driving
situation. Some young drivers underestimate risk while overestimating their driving abilities,
increasing the likelihood of engaging in risky behaviour. Age and inexperience both influence risk
estimation, though it is not clear which of these variables is more important. Can drivers’ willingness
to engage in risky behaviour be assessed in a similar way to hazard perception skill using video-
based risky situations? The aim of the current study was to assess whether a video-based tool could
measure the willingness to participate in risky driving situations and whether it can distinguish
between different types of risky driving scenarios across gender and driver age groups. We also
explored the moderating effect of age and gender on drivers’ experience in relation to the risky
manoeuvres and participants’ willingness to engage in risky situations. Participants were presented
with naturalistic videos from the perspective of the driver that contained active risky situations
(result of driver’s own actions) and were asked to make a decision regarding a potential action (to
overtake a bus/bicycle or pass through an amber light) and whether they would accelerate at this
point. Participants reported that they were more willing to accelerate and overtake cyclists and buses
and less willing to pass a light in amber. Young drivers were more willing to both engage in the risky
behaviours and accelerate than older drivers, with young males reporting higher scores than the
other groups. Gender differences were observed, with males being more prone to overtake and pass
through a light in amber than females; however, this difference was not observed for the intention
to accelerate. All the above effects remained when we tested the impact of experience on decision
making while controlling for age and gender, although driving experience was no longer significant.
These results demonstrate that drivers” intention to assume risk can indeed be measured in a similar
video-based methodology to that used by hazard perception tests. The findings raise the possibility
of assessing and training drivers on a wider range of safety-related behaviours.

Keywords: risk estimation; risk appraisal; decision making; age; gender; driving experience

1. Introduction

Road traffic collisions are responsible for approximately 1.35 million deaths per year
across the world [1] and are the primary cause of death for young people aged between
5 and 29 years old [2]. In Europe, 25,300 people lost their lives in traffic collisions, of
which 14% were between 18 and 24 years old. These numbers are worrying considering
that this cohort comprises only 8% of the total EU population. In the UK, young drivers
aged between 17 and 19 are involved in 9% of fatal and serious crashes where they are
the driver [3], even though they only represent 1.5% of UK licence holders [4]. Young
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people aged between 16 and 19 are three times more likely to get involved in a fatal car
crash than drivers aged 4049 [5]. Specifically, young male drivers are those who represent
the highest numbers of road deaths when compared to their female peers [3]. Research
shows that youth and inexperience is responsible for crashes in a significant proportion of
young drivers [6]. Some of these crashes are due to a lack of fully developed skills (such as
hazard perception; [7,8]), though other crashes are due to risky driving behaviours [9]. The
willingness of a driver to engage in risky driving behaviour depends on their perception
of the danger involved in performing such actions (risk estimation) and the perceived
reward vs. costs that may be gained (e.g., peer respect, arriving sooner at a destination).
The intention to engage in risky behaviour may also be moderated by drivers’ positive or
negative attitudes towards taking risks (risk propensity vs. risk aversion, [10]).

Risk estimation is defined as the subjective judgement of the likelihood of suffering
negative consequences due to being involved in a potentially risky situation [11]. The
willingness to engage in a risky driving behaviour, however, is the action to adjust the
driving behaviour to the degree of risk drivers are willing to take [12]. If the perceived
risk falls below the subjectively accepted degree of risk, people are more prone to engage
in risky actions or make risky decisions [13]. Some studies suggest a negative correlation
between perceived risk and willingness to engage in risky driving behaviour (i.e., the more
dangerous or likely a negative outcome is, the less likely a driver will be to engage in
that action, [14]), while others have found a positive relationship between the two [15].
Several theories support the notion of a negative correlation between risk estimation and
the willingness to engage in risky behaviour such as The Heath Believe Model [16], the
Theory of Reasoned Action [17] and the Theory of Planned Behaviour [18], and there
are empirical data to support this hypothesis [18-22]. In contrast, others have found
a positive relationship between risk estimation and willingness to engage [23,24], and
this relationship has been supported by the dual processes approach [25], which favours
the use of fuzzy, gist-based memory representations in decision making as opposed to
more verbatim representations. Mills et al. [26] rationalize the contradictory findings of
these studies with the observation that negative correlations between perceived risk and
willingness to engage in risky driving behaviours are often found in studies that involve
immediate holistic or gist processing of a situation, while positive correlations are found in
studies that allow participants time to compare the positive and negative outcomes. While
both processes might occur across the range of potential driving scenarios, the dynamic
nature of driving is likely to evoke an immediate ‘gut’ response to the level of risk. Thus,
we might expect more instances of perceived risk negatively correlating with willingness
to engage.

Young drivers who have been involved in road crashes may fail to perceive risk in
a holistic way [27-29] and focus on specific hazards rather than the overall level of risk
that a certain situation may involve [30]. They may also be slower at detecting common
hazardous situations [8,31,32], which may influence risk-taking behaviours through poor
understanding of on-road dangers [33]. Young drivers have been found to be less likely
to rate speeding as high risk than older drivers [34,35]. Even when a specific driving
behaviour is perceived as high risk, some young drivers may still engage in it [34,36].
The reason for this could be due to a recurrent lack of negative feedback (e.g., crashes,
penalties; [37]). Therefore, unrealistic risk estimation could be seen as the result of the
lack of negative consequences, which in turn could increase the probability of engaging
in risky behaviours [38]. If there are no direct negative consequences, young drivers may
wrongly learn that this type of driving behaviour is acceptable, increasing their willingness
to accept risk [38,39]. The lack of adverse consequences will influence the judgement of the
risk this situation involves and on the willingness to engage in risky behaviours associated
to it [40]. Those young drivers that have not suffered negative consequences as a result
of their risky behaviour can report lower levels of perceived risk and tend to repeat these
behaviours. This pattern of behaviour supports the protective relation with risk estimation
as noted by Milles et al. [26], where risk estimation is negatively correlated with risk taking.
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As a result, underestimating risk is associated with a higher propensity to engage in risky
behaviour [40,41]. Some studies have demonstrated that the majority of young drivers
tend to underestimate risk and engage in risky driving even after being involved in a car
crash [42]. Although these drivers were observed to be more cautious while driving during
the first two months after the collision, this cautiousness was no longer observed after the
third month.

A well-known theory that has focused on the underlying process of decision making
in driving is the Risk Homeostasis Theory [13]. This theory explains that the decision
to engage in a particular behaviour is influenced by the comparison of perceived risk
associated with that behaviour and the ideal level of risk (i.e., arousal) that the driver
prefers (which may change over time and circumstances). If the perceived levels of risk are
higher than their preferred level, drivers modify their behaviour to bring their current risk
levels within their personal acceptable boundaries. Therefore, it is expected that drivers
will drive more cautiously on dangerous roads providing that they perceive the road to
be dangerous, and that their level of required arousal is lower than that provided by the
associated risk. This theory also implies that if the level of risk or arousal is lower than
their preferred level, they will modify their behaviour to increase arousal, which could
include engaging in risky behaviours such as distraction via mobile devices or an increase
in speed. However, a more recent and comprehensive approach to risk estimation is the
Risk Allostasis Theory [43]. According to this theory, individuals choose a preferred range
of risk in which they operate and adapt their behaviour according to the limits of this range.
This theory offers a more flexible approach than the Risk Homeostasis Theory as the range
of preferred risk can be altered according to the individual’s motivations and perceptions of
their own capability. Current and long-term motivational factors can modify the preferred
range of risk and, consequently, their behaviour will be adjusted and maintained within
this range.

Emotions have also been linked to the willingness to engage in risky driving be-
haviour [44-46]. The appraisal tendency framework suggests that fear enhances drivers
to perceive higher risk levels, while anger was found to induce more optimistic risk per-
ception and poor driving behaviour [45,47,48], potentially increasing the likelihood of
collisions [49]. It has been argued that individual control is associated with anger and
influences risk perception in driving [50]. This false perception of control could make
young drivers believe that they are capable of handling complex situations [51], which in
turn makes them more susceptible to distractions whilst driving [52] and engaging with
their mobile phones [53]. In the same line, young drivers may underestimate risk due to a
reduced sense of fear [54], especially when they are not conscious about the level of risk
associated to certain situations [55,56].

1.1. Gender

Factors such as gender, age [38,57] and lifestyle [58] have been found to contribute to
risky driving behaviour. Males typically assume higher risk when compared to women [59,60],
comply less with traffic norms [61] and are overrepresented in crash rates [62-64]. Male
drivers also commit more traffic offenses than females [65,66]. It has been argued that
both biological and psycho-social reasons could explain these differences. For example,
the difficulty to inhibit impulsive behaviour could be one of the reasons why males are
overrepresented in crash rates. In addition, gender differences in risky driving have also
been defined by social expectations (in terms of gender roles) for compliance with traffic
regulations [67] and risk taking [68]. In a recent study of reoffending following penalization,
McDonald et al. [69] found that young male drivers were more likely to reoffend if their
violation was classed as dangerous and careless driving, when compared to similar drivers
penalized for other violations (e.g., seatbelt violations).
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1.2. Age and Driving Experience

Results are contradictory in relation to the weight of importance of experience and age
in drivers’ proneness to engage in risky driving. While driving skills are mainly influenced
by driving experience [28,38,70], the decision to engage in risky driving seems to be more
associated with age [71]. For instance, much research has identified that drivers younger
than 25 have an increased willingness to engage in risky driving behaviour compared to
their older counterparts [72-74]. However, even though the age of 25 is often quoted as an
important neurodevelopmental milestone for the prefrontal cortex [75], it is unlikely that
all risk taking ceases at this age. Unfortunately, there is limited research addressing the
willingness to engage in risky driving behaviours across a more fine-grain range of ages,
such as those in their late 20 s and early 30 s.

Some studies have discussed the impact of age and driving experience in relation to
crash risk. McCartt et al. [76] reported independent effects for experience and age. They
compared drivers over the age of 25 with younger novices and found differences between
the two groups with younger novices reporting higher crash rates. Curry et al. [77] also
observed that young drivers at a similar age but with different driving experience report
different crash rates. In their study, young novice drivers at the age of 21 were involved
in more road crashes than experienced drivers at the same age, but both groups reported
considerably lower collisions in comparison to 17- to 20-year-old novice drivers. However,
not many studies have explored the effects of age and driving experience on the proneness
to engage in risky situations.

What is well known is that young male drivers tend to be more optimistic about
their driving ability when compared to older male drivers, and they are more willing
to engage in risky behaviour [78]. They also perceive certain traffic situations such as
speeding or phone use as less risky in comparison to older drivers [34]. While there is
evidence to suggest that hazard perception skills improve with experience, risk appraisal
seems to be more affected by age. McKenna et al. [79] suggested that hazard perception
and risk estimation could be impacted in a different way by driving experience and age;
therefore, they should be studied separately. In consequence, it could also be argued for a
differential effect of age and driving experience in relation to the willingness to engage in
risky driving behaviour.

1.3. Risky Driving Manoeuvres: Overtaking and the Amber Light Dilemma Zone

Common risky behaviours are the use of mobile phones while driving [80], driving
under the influence of alcohol or other drugs [34,81,82], speeding [83] and dangerous lane
changes [84]. Anther common risky manoeuvre is overtaking, which can include speeding
and dangerous lane changes. Overtaking has been associated with a high probability of
crash risk (specifically when overtaking using a contraflow lane; [85]). Even though drivers
seem to be aware of the danger of this manoeuvre [86], the type and speed of the vehicle to
be overtaken may influence their willingness to engage with it. Pai [87] looked specifically
at buses and cyclists and found that an overtaking manoeuvre by the longer vehicle usually
results in a collision with the cyclist.

Drivers choose to engage in overtaking manoeuvres in order to reduce travel time and
avoid platoons (group of vehicles that travel at close proximity matching the speed and
manoeuvre of the lead vehicle; [88]). However, unsafe passing manoeuvres, that can lead
to collisions, are often a result of frustration with slow traffic. To avoid delays during slow
traffic, some drivers are willing to assume more risk as they overestimate their ability to
complete the overtaking manoeuvre safely [89]. In consequence, they are more likely to
reduce the critical gap and perform the overtaking manoeuvre [90], and even may accelerate
to overtake vehicles travelling at faster speed [85]. However, Kinnear et al. [91] showed
that the drivers in their study seemed to be able to control their frustration with longer
platoons as they were able to resist the temptation to accelerate and overtake. In addition,
their results suggested that time pressure did not significantly impact on the intention
to overtake, although slow traffic did increase frustration. They examined the impact of
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different factors such as time pressure, speed, length of platoons and proportion of heavy
goods vehicles (HGVs) on frustration and overtaking intentions, by showing participants
video clips that contained a combination of all the above factors. Kinnear et al. [91] found
that lower speed is associated with a greater intention to overtake, although this effect is
susceptible to change in intentions with the presence of other factors such as platoon length
and oncoming traffic. Kinnear et al. [91] did not report, however, whether the intention to
accelerate and overtake vary in relation to specific traffic situations.

The estimation of the severity of a specific driving situation has been found to influence
drivers’ decisions to accelerate [28]. Harbeck and Glendon [92] observed that the young
drivers in their study showed high willingness to engage in speeding-related behaviours.
Many risky behaviours are risky without the need to speed (e.g., overtaking, running an
amber light), yet some drivers compound the risks inherent in the behaviour by increasing
their speed while making the manoeuvre. While speeding up while overtaking or passing
through a changing traffic light may be perceived as a way to lessen the risk of the base
manoeuvre (i.e., the overtake is completed more quickly, or you clear the junction before
opposing traffic begins to move), adding speed to an already risky situation may merely
increase the danger (such as increasing collision speed in the contraflow lane, or raising
the possibility of losing control through a junction).

Studies have reported that some of the most frequent risky behaviours are speeding
while overtaking and when traffic signals/lights are amber. Specifically, amber lights have
been deemed as highly ambiguous as they require the driver to decide whether to stop
or pass through it [93,94]. When a vehicle approaches an intersection at a higher speed at
the onset of yellow phase, this vehicle is trapped in the dilemma zone. Within this zone,
a decision to proceed could result in a right-angle crash, whereas a decision to stop might
produce a rear-end collision. The most crucial factors for making a decision to pass through
amber lights seem to be the amount of distance from the yellow light, the position and the
approaching speed of the vehicle [93].

The dilemma zone boundaries seem to vary across different age and gender. While
young drivers were found to speed and ran through red lights more often [95], older drivers
seemed more likely to pass a light in amber [96]. However, drivers older than 65 years
of age are significantly less likely to get through the intersection at a closer onset yellow
light distance when compared with other age groups [97]. In terms of gender, females
seem more likely to find themselves in the dilemma zone than male drivers [97], although
results are mixed with some studies reporting opposing findings (especially in relation
to speeding through amber lights) [98]. Although gender and age clearly impact on the
decision to engage in risky driving manoeuvres, results are contradicting and unclear.
Similarly, neither risky overtaking nor running through amber light have been studied in
relation to both age and gender for subsequent interactions or compared with each other.

1.4. Driving Scenarios According to the “Active” vs. “Passive” Role of the Driver

It is essential to distinguish between “active” and “passive” hazards when creating
hazard perception/risky decision-making tests. The confusion surrounding these two
concepts has created an important confound related to the method of risk estimation
and risky decision-making scoring. This confound is especially evident with Deery and
Love’s [99] study, where both active and passive hazards were included in a conventional
hazard perception test. They defined active hazards to be a result of driver’s own actions
and passive hazards to be caused by other road users.

Other tests that have measured risk estimation and the proneness to engage in risky
driving behaviour featuring hazardous videos have been developed by McKenna and
Crick [11] and Horwsill and McKenna [7]. They assessed everyday risk taking in driving
behaviour by asking participants at what speed they choose to continue driving. Similarly,
the Vienna Test [12,100] uses video clips to assess the willingness of drivers to take a risk.
Hergovich et al. [12] studied whether the propensity to take a risk can be assessed as a
personality trait via the Vienna Risk-Taking Test-Traffic. They asked participants to indi-
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cate at which point they consider that the situation has become too dangerous to proceed.
The video clips used in their study required participants to make a decision in relation to
different risky active situations such as overtaking manoeuvres, speed choices and inter-
sections. In a recent study, Castro et al. [101] looked at the possibility to assess the process
of hazard prediction and risky decision making independently, showing participants both
active and passive hazards. They assessed young drivers and found that those participants
with less experience were less able to predict upcoming hazards and more likely to make
riskier decisions. Familiarity with the clips also influenced risk-taking behaviours: driving
scenarios from another country (UK) evoked riskier decisions by the participants than
those from their home country (Spain). The results suggested that risky decision making
can be assessed in a similar way to the hazard prediction skill. Castro et al. [101], however,
did not investigate differences in responses across the hazardous scenarios featured in their
test (overtaking bus/bike and running through amber light) or whether gender and age
impact drivers’ decision to assume risk in each of these situations.

1.5. The Current Study

This study aims to assess whether the willingness to engage in risky driving situations
and risky decision making could be measured in a similar way to the hazard prediction
skill by featuring a video-based test where videos are occluded prior to the development
of the risky scenario. We assess whether the selected scenarios can differentiate between
different age groups, driving experience and gender. We also assess whether risky decision
making and the willingness to accelerate differ across the selected scenarios. Finally, we test
the influence of age, driving experience and gender independently on the willingness to
engage in risky driving situations, while controlling for the impact of age and gender on
driving experience.

In order to test the above questions, we used the same clips of real traffic situations
(recorded in the UK) as Castro et al. [101]. However, unlike Castro et al., the study was
conducted online, and clips were presented via online software to test whether this version
would provide valid results. Furthermore, Castro et al. assessed risky decision making
in Spanish drivers, whereas the sample for this study was comprised by UK participants.
Each clip contains a risky situation that may happen (e.g., overtaking a cyclist on a dual
carriageway). The core design of the test is similar to the hazard prediction tests [102,103]
with clips occluded by a black screen at a crucial decision point, in this case immediately
prior to a potential risky situation. Participants are then asked to make a decision (via a
rating scale) about their willingness to engage in the imminent behaviour (e.g., whether
to overtake the bus/bicycle or pass through the amber light). Participants are asked to
assume the role of the film-car driver (therefore, these situations can be considered active
scenarios) and to make a decision on whether they will engage in performing the risky
driving behaviour. Participants are also asked to rate whether they would accelerate at
this point.

We predict that young drivers will accept a higher degree of risk than the older drivers.
Furthermore, males in both age groups are expected to accept higher levels of risk than the
females. These differences may change across the different driving scenarios, although we
do not make a prediction about which risky situation will receive the highest rating scores.
We also predict that age will have a moderating effect on drivers” experience in relation to
the risky manoeuvres and drivers” willingness to engage in risky situations.

2. Materials and Methods
2.1. Design

A mixed design 2 x 2 x (3) was used for this study, with the variables of driver age
(with participants split into those younger and older than 30 years), gender (male, female)
and the type of risky scenario shown to participants (i.e., overtaking a bus, overtaking
a cyclist, running through a light in amber). The dependent variable was participants’
ratings, which they provided after viewing 10 video clips containing a mixture of the three
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risky scenarios. Each participant gave two ratings for each clip on a 1 to 7 scale. The first
was a rating of how likely they thought they would be to engage in the driving behaviour
implied in the clip. The second rating reflected how likely they thought they would be to
accelerate in that scenario. Analyses of variance and covariance (ANOVA and ANCOVA)
were conducted to compare ratings across the three factors and to control for the effects of
age and gender on driving experience.

2.2. Participants

In total, 243 participants took part in this study. Participants were all UK based
and recruited via online social media platforms. In terms of age, 164 participants were
younger than 30 years old (35 males; 129 females) and 79 were at the age of 30 or older
(26 males; 53 females), with 18 being the minimum age. The age range oscillated between
18 and 76 years old (males 18-76; females 18-73). Experienced drivers (n = 154; 42 males;
112 females) were those with more than 3 years of driving experience since passing their
driving test and an average mileage of 23,297 miles (37,492 kilometres) in the previous
two years. Novice drivers (n = 89; 19 males, 70 females) had less than 3 years of driving
experience and an average mileage of 7729 miles (12,438 kilometres) in the previous two
years. For reference, please see Table 1.

Table 1. Descriptive statistics for all participants across age, gender and driving experience.

n Total = 243
Drivers under 30 Years Old Drivers Who Are at the Age of 30 or Older
Age
n =164 n="79
Men Women Men Women
n=235 n =129 n=26 n=>53
Standard Standard Standard Standard
Mean Deviation Mean Deviation Mean Deviation Mean Deviation
Age 21.8 2.6 22 2.9 50.8 11.8 46.1 10.6
Miles driveninthe - 00 15,298.6 11,385 11,566 35,000 24,147.9 24311 30,264
last 2 years
Months since 39.7 27.6 426 314 406.2 143.3 301.7 126.6
driving test
Collisions since 0.4 05 03 0.7 22 29 1.1 12

driving test

Driving Novice drivers n = 89 Experienced drivers n = 154
Experience (Less than 3 years of driving experience) (More than 3 years of driving experience)
Men Women Men Women
n=19 n=70 n=42 n=112
Standard Standard Standard Standard
Mean Deviation Mean Deviation Mean Deviation Mean Deviation
Age 20.3 14 21 2.6 40.4 164 34 13.7
Miles driveninthe —, 45 11,019 6459.7 6103.6 30,543 22,456 20,580 23,224
last 2 years
Months since 21 8.6 21.9 9.4 275 203.5 178.1 147.8
driving test
Collisions since
0.3 0.5 0.3 0.7 1.6 24 0.8 1

driving test
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2.3. Materials
2.3.1. Filming and Video Editing

This study was conducted in accordance with the Declaration of Helsinki Ethical Prin-
ciples for Research. The video footage was recorded during normal driving in Nottingham
and suburban areas of Nottingham. The footage was filmed following the Health and
Safety guidelines approved by the School of Social Sciences Ethics Committee, Nottingham
Trent University (18122019). None of the risky situations were staged. Four cameras were
mounted on the driving car, capturing information coming from the forward view and
footage that would normally be seen in the side and rear-view mirrors (see Figure 1).
All cameras were mounted via suction mounts on the outside of the windshield, right
and left windows and the rear window. None of the cameras obstructed the view of the
driver. GoPro HERO4 Silver Edition camcorders, recording in full high-definition format
(1080 p, 16:9 ratio, medium angle setting) were used, see [103,104]. The footage from all
four cameras was synchronised and edited into windscreen and mirror placeholders that
were contained in a semi-transparent graphic overlay of the inside of a car. The overlay
was designed to be transparent from halfway up the A-pillars, allowing for the forward
view to be seen through these sections of the overlay (simulating small head movements in
real life, which help focusing on a potential hazard behind an A-pillar).

(b)

Figure 1. Cont.
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Figure 1. Screenshots of the final frame (prior to occlusion) of the selected risky situation: (a) The top panel depicts a
situation with a cyclist on the left. The cyclist is further out from the camera car with oncoming traffic. The overtaking
manoeuvre is considered not to be safe due to the oncoming traffic and poor visibility of the road ahead. (b) The middle
panel shows a situation with a bus in front of the camera car. The overtaking manoeuvre is considered not to be safe,
as markings in the middle should not be entered with such poor visibility of the road ahead (with red area to increase
awareness of potential danger and road arrows indicating that the two lanes are about to merge in one lane). (c) The bottom
panel depicts a situation with lights in amber. Passing through the amber lights is not safe, as the distance the camera car is
travelling at will not reach the traffic lights before those turning red. The risk is greater for the pedestrian, visible on the left,
who could be about to step into the road.

2.3.2. Video Clips

Ten video clips were selected for this study by a group of traffic psychologists who
are considered experts in the field. The video clips contained three types of potential risky
situations. Each one of the clips was designed to assess the critical interval during which
drivers decide whether to stop or proceed with a possible risky manoeuvre (e.g., [93,98]).
Three clips included situations where a cyclist was visible ahead of the film car in the
same lane. The clips cut to black at the moment the film car had to make a decision
about whether to overtake the cyclist or remain in the same position (Figure 1, top panel).
Another three videos contained footage with a bus driving in front of the film car. The
videos occlude at the point where the film car is close enough behind the bus to make a
decision on whether to overtake (Figure 1, middle panel). Finally, four clips contained
situations in which the traffic lights ahead turn to amber. The videos cut to black at
the point when drivers should have noticed the changing light and then must make a
decision on whether to pass through the traffic lights or stop (Figure 1, bottom panel). If
participants were to be shown the full clip, they would have seen that the camera car did
not perform any of the risky manoeuvres. It should be highlighted that none of the selected
overtaking/amber light scenarios were safe for the driver to proceed (each scenario was
judged by a group of transport psychologists who were experts in the field). While on
some occasions overtaking a bus or a cyclist could be safe (e.g., the road is sufficiently clear
ahead with a suitable gap with the other road user, without causing the driver to exceed
the speed limit), performing this manoeuvre for the selected scenarios is considered as
dangerous (see Figure 1 for a detailed explanation). Subsequently, for none of the selected
scenarios was safe to accelerate (although with safe and legal overtaking, accelerating will
help complete the manoeuvre quicker). The stimuli were presented via the online platform
Qualtrics in a randomised order.
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2.4. Procedure

Participants were recruited via social media platforms and invited to participate
through a link to the online study. The video clips were presented through the online
platform Qualtrics (accessed on 25 September 2021). Participants were instructed to use
a computer screen to undertake the experiment in order to display the video clips at an
adequate resolution. Those who attempted to access the study via their mobile devices
were redirected to the end of the survey and invited to use the link again from a computer
device. All participants were presented with information about the study and asked for
consent to participate via tick box. Next, they were instructed that they were going to see
10 driving video clips, which would stop prior to a specific risky situation, after which they
were asked to make a decision in relation to each one of these situations.

Participants were presented with all 10 video clips (in a randomised order) and after
each clip they were asked to rate from 1 to 7 (where 1 was not at all and 7 most likely),
“How likely is that you will ... ”, “overtake the bus?”, or “overtake the cyclist?” or “pass
the amber light?”, with the exact question determined by the clip. Following a response to
the first question, participants were presented with a second question: “How likely is that
you accelerate at this point?” Higher ratings on either scale were interpreted as increased
proneness to engage with the risky situation. After the experimental block, participants
were asked to answer a brief demographic questionnaire about their driving experience,
miles driven, age, etc.

3. Results
3.1. Internal Consistency

We started by calculating the Cronbach Alpha coefficient, which provided a score of
0.83. This result suggested a good internal consistency.

3.2. Age, Gender and Risky Situation
3.2.1. “How Likely Is That You Overtake the Bus/Cyclist or Pass through the Amber
Light?” (Q1)

A2 x 2 x (3) ANOVA comparing the ratings of the drivers by age, gender and for
each risky situation was conducted. A significant main effect was found for participants’
age (F(1,239) =31.14, p < 0.001, n2 p = 0.12). Those participants who were younger than
30 years old reported higher ratings (M = 4.58) than those older than 30 years old (M = 3.86).
Younger drivers seem to be more willing to undertake the risky behaviours in our scenarios
than those drivers older than 30. Similarly, a significant main effect was found for gender
(F(1, 239) = 9.43, p < 0.005, N2 p = 0.04). Males provided higher ratings (M = 4.42), being
more prone to overtake/pass traffic lights in amber in comparison to women (M = 4.02). A
significant interaction for age and gender (F(1, 239) = 5.07, p < 0.05, N2 p = 0.02) revealed
that young males were those who were more prone to engage in risky manoeuvres in
comparison to the other groups (see Figure 2).

No significant interactions were found for gender vs. type of risk situation or age vs.
type of risk situation.

A significant main effect was found for the type of risk situation (F(2, 478) = 144.5,
p < 0.001, n2 p = 0.377). Driving situations that included cyclists received the highest
rating scores (M = 5.4), followed by those featuring a bus (M = 4.1), with the lowest ratings
received for driving through an amber light (M = 3.5). Drivers seem to be more likely to
proceed and overtake cyclists and less likely to pass a light in amber (Figure 3). All pairwise
comparisons were significant (p < 001). p-values were adjusted for multiple comparisons
with the Bonferroni correction.
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Figure 2. Mean ratings breakdown for gender and age across the two questions: “How likely is that you overtake the
bus/cyclist; pass the amber light?” and “How likely is that you accelerate at this point?” (with standard error bars).
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Figure 3. Ratings for the different type of risky scenarios across the two questions: “How likely is that you overtake the
bus/cyclist; pass the amber light?” and “How likely is that you accelerate at this point?” (with standard error bars).

3.2.2. “How Likely Is That You Accelerate at this Point?” (Q2)

A2 x 2 x (3) ANOVA comparing the ratings of the drivers by age, gender and for
each risky situation was performed. The results echo the findings for the first question in
relation to age. Participants’ age was significant (F(1, 241) = 36.18, p < 0.001, n2 p = 0.13)
with young drivers, who were less than 30 years old, showing higher ratings and more
willingness to accelerate (M = 3.84) than older drivers (M = 2.88). A significant interaction
between age and gender (F(1, 241) =7.67, p < 0.01, n2 p = 0.03) revealed that young male
drivers are more likely to accelerate in comparison to the other groups (see Figure 2).

However, the main effect for gender was not replicated for this second question
regarding acceleration (F(1, 239) = 2.41, p = 0.122, 12 p = 0.01). There was no significant
interaction for age or gender vs. type of risk situation.
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A main effect was found in relation to the type of risk situation (F(2, 478) = 68.8,
p < 0.001, n2 p = 0.224). The pattern of results mirrors those found with responses to
the first question. Drivers provided higher ratings and were more likely to accelerate
when overtaking a cyclist (M = 4.4), followed by overtaking a bus (M = 3.3) and finally
when passing traffic lights in amber (M = 3) (see Figure 2). Pairwise comparisons were
all significant with levels for bus vs. cyclist (p < 0.001) and bus vs. amber light (p < 0.02).
p-values were adjusted for multiple comparisons with the Bonferroni correction.

3.2.3. Correlations between the Two Questions

Both questions correlated significantly r(243) = 0.715, p = 0.001, with higher proneness
to engage with the risky situations translated into higher intention to accelerate. We also
explored the individual correlations for each risky driving situation. The intention to
overtake a bus and a bicycle correlated significantly with the intention to accelerate while
performing the overtaking manoeuvre r(243) = 0.668, p = 0.001 and r(243) = 0.611, p = 0.001,
respectively. A significant correlation was also observed between the intention to pass
through a light in amber and accelerate 1(243) = 0.842, p = 0.001

3.3. Assessment of Age and Gender on Driving Experience
3.3.1. Driving Experience

We compared those drivers who were classed as experienced drivers (>three years of
driving experience) with those classed as novices (<than three years of driving experience)
and a main effect was found for driving experience for the first question (F(2, 239) = 10.5,
p < 0.001, n2 p = 0.042). Novices (M = 4.6) were more likely to overtake/pass amber
light in comparison to the experienced drivers (M = 4.1). Similarly, novices (M= 3.8)
provided higher ratings than the experienced drivers for the second question (M = 3.3),
(F(2,239) =109, p < 0.001, n2 p = 0.044). They were more likely to accelerate when com-
pared to the experienced drivers. No significant interactions were observed for experience
vs. type of risky situations for any of the questions.

We also observed a considerably high correlation between age and driving experience
r(243) = 0.985, p = 0.001. Therefore, it is possible that the significant effect of experience
is caused by this high correlation between the two variables. To test the effect of age on
driving experience, we fitted age and gender as covariates and conducted and ANCOVA.

3.3.2. Driving Experience with Age and Gender as Covariates

Both age and gender were fit as covariates to test whether there is a possible moderat-
ing effect on drivers’ experience for each one of the risky manoeuvres (overtake /amber
light and accelerate). A one-way ANCOVA was conducted to compare the impact of
experience whilst controlling for age and gender. Both covariates significantly impacted on
the model for the first question. Higher ratings for overtaking/passing amber light were
influenced by age (F(1, 239) = 18.09, p < 0.001, n2 p = 0.70) and gender (F(1, 239) = 13.13,
p <0.001, 2 p = 0.52). The effect of experience, however, was no longer significant (M = 4.2
experienced vs. M = 4.2 novices), (F(1, 239) = 0.89, p = 0.765, n2 p = 0.000). The amount of
variation accounted for by the model (SSM) decreased to 271.53 (corrected model) of which
experience accounted for 0.07 (previously the model accounted for 3133.16 and experience
for 8.35).

Equally, higher ratings for the risky situations were influenced by age (F(1, 239) = 22.25,
p < 0.001, n2 p = 0.77) and gender (F(1, 239) = 5.30, p < 0.05, N2 p = 0.20) for the second
question (accelerate), and the effect of experience was no longer significant (M = 3.4 ex-
perienced vs. M = 3.4 novices) (F(1, 239) = 0.04, p = 0.839, n2 p = 0.000). The amount of
variation accounted for by the model (SSM) decreased to 202.47 (corrected model) of which
experience accounted for 0.05 (previously the model accounted for 6357.77 and experience
for 38.28). Please see Figure 2 for a mean ratings breakdown for gender and age across the
two questions.



Int. J. Environ. Res. Public Health 2021, 18, 10227 13 of 20

4. Discussion

This study reports a new online measure that assesses the intention to engage in
risky driving behaviour based on the premises of using similar methodology to the hazard
prediction test. The objective of this study was to develop a test able to measure the
willingness to engage in risky driving situations and decision to accelerate across differ-
ent driving scenarios, and differentiate between driving groups of different age, gender
and experience. We showed participants video clips occluded immediately prior to the
development of three potential risky scenarios and asked them to make a decision on how
to proceed for each one of the selected situations. The results suggested that an online
video-based measure can successfully assess the intention to engage in risky driving. Our
findings showed that the younger drivers in this study had a greater intention to engage
in risky driving behaviour and decision to accelerate than the older drivers, which is
supported by a number of previous studies [105-108]. Drivers under the age of 30 showed
greater willingness to overtake both cyclists and buses and to pass through the amber light
in comparison to those older than 30 years old. Similarly, the younger group reported
higher intention to accelerate when facing the risky situations than the older group. The
literature is populated with studies that have focused on the relationship between drivers
under the age of 25 and risky driving, as this age groups is often overrepresented in road
crashes [109]. However, the findings of this study suggest that drivers younger than 30
could be equally susceptible to risky decision making related to accelerating, overtaking
and passing through amber lights.

A finding of interest was the moderating effect of age and gender on driving ex-
perience. Initially, a difference was observed between experienced and novice drivers
in relation to their decision to engage in risky situations, with novices reporting higher
intention to overtake, pass through amber light and accelerate than the experienced group.
However, this difference was no longer present when the effectiveness of experience was
tested whilst controlling for age and gender. Both age and gender significantly predicted
the scores for both questions (overtake/pass through amber light and accelerate), while
the effect of experience vanished. These results are important for two reasons. First, it
seems that, similar to risk estimation, age has a more relevant role than experience in
the willingness to engage in risky driving behaviour. Many young drivers report greater
confidence in their driving skills and are more optimistic about the consequences of being
involved in a risky driving situation than older drivers [13,110]. Several studies have
reported that the underlying reasons for young drivers to engage in risky situations are
mainly inexperience and sensation seeking, although the relationship between age and
sensation seeking has been reported to be stronger (than between experience and sensation
seeking) [71]. We should be cautious, however, in assuming a direct causal path between
age and risky decision making without considering other factors such as experience, vehicle
type or the environment. Indeed, age has a major influence on risky driving and the level
of involvement in road collisions for the majority of young drivers, even when controlling
for environment and type of vehicle [9]. However, the effect of experience should not
be underestimated as it has been found to influence risk estimation and decision making
independently of age [76]. Hence, the importance to study the impact of these variables on
the intention to engage in risky driving situations independently [79].

Second, experience is often associated with hazard perception (driving skill), which
is independent of the willingness to engage in risky driving behaviour [28,38,70].
Castro et al. [101] emphasised the importance of assessing hazard perception (driving
skill) and risky decision making (willingness to engage in risky driving) separately to avoid
confounding both variables. This is of importance, as drivers could correctly perceive a
hazard and at the same time underestimate the danger this hazard poses [111,112]. Thus,
drivers could make a decision to engage in a risky driving behaviour independently of the
objective danger. Certainly, more experienced drivers have encountered more opportuni-
ties over time to experience risky situations against which to calibrate their risk appraisal.
However, a considerable proportion of experienced drivers (especially young ones) still
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engage in risky driving [76]. Therefore, separating hazard perception from the intention to
engage in risky driving will allow for a better understanding of these two processes and
their impact on risky decision making in different driver groups of age and experience.

The gender of participants was significant for the intention to overtake/pass amber
light; however, this result was not replicated for the intention to accelerate. We have already
discussed the mixed nature of the results from previous studies in relation to gender and
risk, e.g., [97,98], and the current findings suggest that the impact of gender is not uniform
but depends on a variety of factors. The interaction between age and gender revealed
that specifically younger males were those who were more prone to overtake, pass the
light in amber and accelerate. Furthermore, the absence of main effect for the intention
to accelerate suggests that perhaps differences between both genders settle with age for
the intention to speed but remain for the intention to engage in certain risky manoeuvres.
Although it has been well documented in the literature that male drivers commit more
violations than females [65,113,114], future research could focus on identifying the change
both male and female drivers experience in their willingness to engage in risky driving
behaviour over time, and whether this change is susceptible to specific risky manoeuvres.

In relation to the traffic scenarios, the three risky situations differed significantly in
terms of ratings. While participants felt significantly more comfortable with overtaking cy-
clists, they were less willing to overtake buses and pass through a light in amber. Similarly,
participants reported a higher intention to accelerate while overtaking cyclists, followed
by overtaking busses and were less likely to accelerate to pass an amber light. This was
consistent for all groups independently of age and gender, and no interactions were ob-
served between the risky scenarios and any of the other variables. Our finding that the
participants in this study seem reluctant to risk running through amber lights is consistent
with previous studies where drivers have reported a weak intention to run through amber
lights, although it was observed that this could change depending on the context and
circumstances, e.g., [115,116]. For example, the presence of cameras at different types of
intersections seems to prevent drivers from running through amber/red lights [117,118],
while excessive speed, short yellow signals, false perception of safety and low traffic
volume seem to make them more willing to engaging with the risky manoeuvre [119].

While our participants seemed less willing to run through amber lights, they did not
show the same cautious behaviour with overtaking cyclists. Road collisions caused by over-
taking cyclists are not uncommon [120,121]. Overtaking collisions with cyclists are typically
due to high speed [122] or narrow safety margins [123]. Furthermore, HGVs and buses
overtake cyclists, even at closer proximities than vehicle drivers [124]. Basfrod et al. [125]
reported that vehicle drivers in the UK hold negative attitudes towards cyclists and feel
frustrated with their presence on the road. The reason for this is the perception that cyclists
do not follow the traffic norms, which makes it difficult to predict their behaviour [126]. Car
drivers have a competing sense of entitlement when it comes to their right to be on the road
and the uneven distribution of space often puts different road users as mutual competitors.
Competition for space has become a major issue in the UK with a considerable impact
on vulnerable road users. Campaigns to raise awareness and road traffic norms/policies
that prioritise cyclists, pedestrians and vulnerable road users will improve the conflictive
interaction between cyclists and car drivers. In addition, training to adopt the perspective
of the other road user could contribute for a better understanding of the global traffic
situation. Such training has demonstrated success in teaching drivers to anticipate and
detect dangers and avoid road collisions with other road users, especially vulnerable road
users, cyclists and pedestrians [29].

This study is not without limitations. It should be noted that online studies could bring
some data quality issues due to the lack of the rigorous control inherent to the conventional
laboratory settings. While participants in online studies are susceptible to distraction and
often multitask, studies have reported that they are still capable of providing conscientious
and thoughtful answers independently of the device or context [127,128]. In addition, this
online version of the study has replicated the results obtained by Castro et al. [101], who
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conducted their study in laboratory settings. These results indicate that online assessment
could be a plausible option for future research. While studies in hazard perception have al-
ready reported successful online training interventions [8], this study presented for the first
time an online assessment of the intention to assume risk, and the results seem promising.

Another limitation of the study was the lack of gender balance in our sample. Future
research should feature a more balanced sample in terms of gender (e.g., equal number of
men and women) to address the contradicting results across several risky decision-making
studies. Moreover, marital status seems to be another relevant variable to be considered
in future research. Offender drivers have been reported to be predominantly young or
slightly older single (or divorced) males [129,130]. A more thorough investigation into
the mediating effect of marital status could help understand the mixed results in relation
to gender.

5. Conclusions

In conclusion, the results of the present study suggest that drivers under the age
of 30 years old could also benefit from training in adapting their driving behaviour to
prevent risky decision-making behaviours. It is important, however, to implement a
variety of assessment methods to train each skill individually and make drivers aware
of the differences between the subjective perception of their driving skills and their real
ability [131]. Furthermore, these assessment methods should also contain active hazard
awareness training featuring hazardous scenarios that mimic risky driving (as a result
of the driver’s own actions) to train young drivers in successfully balancing the task
demands and become more aware of wrong risk calibration. The advance in technology
with computer-generated imagery (CGI) could make the creation of such scenarios possible
without exposing drivers to real risk [31]. Gaining more insight of the level of risk each
age group is willing to assume will help adapting training according to their specific
needs. Moreover, learner driver training does not focus specifically on creating awareness
of wrong calibration. Young drivers who have recently obtained their driving licences
abandon training shortly after passing their tests and, after gaining some experience,
assume they have control over the driving situation. Therefore, it is essential to create
awareness of the different skills required to become a safe driver and continue stimulating
learning and training even after passing the driving test.

Author Contributions: P.V.: Conceptualization, Methodology, Software, Data Collection, Validation,
Formal analysis, Investigation, Resources, Data curation, Writing—original draft, Writing—review
and editing, Supervision and Project administration. C.C.: Conceptualization, Methodology, Re-
sources, Validation, Analysis and Writing—review and editing. P.G.-F.: Resources, Filming and Video
Editing. D.C.: Conceptualization, Methodology, Validation and Writing—review and editing. All
authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Spanish Government: Ministry of Science and Innovation
(PID2020-113978RB-100). The sponsor has not materially influenced the study design, data collection,
analysis/interpretation or the reporting and publication thereof.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and the protocol was approved by the School of Social Sciences Ethics Committee,
Nottingham Trent University (18122019). All participants received information about the study and
gave their informed consent for inclusion prior to taking part in the experiment. They were informed
that participation in this study is voluntary and that all recorded data will remain confidential. All
participants were informed that they have the right to withdraw their data without giving a reason.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Publicly available datasets were analysed in this study. This data can
be found here: https://osf.io/cyfdu/ (accessed on 23 September 2021).

Acknowledgments: We thank Chloe Barnett and Georgia Dixon for their help in recruiting part of
the participants.


https://osf.io/cyfdu/

Int. J. Environ. Res. Public Health 2021, 18, 10227 16 of 20

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.
14.

15.

16.
17.

18.
19.

20.

21.

22.

23.

24.

25.

26.

WHO (World Health Organisation). Global Status Report on Road Safety 2018. World Health Organization, Geneva. Licence: CC
BY-NC-5A 3.0 IGO. 2018. Available online: https:/ /www.who.int/violence_injury_prevention/road_safety_status/2018/en/s
(accessed on 20 August 2020).

Hole, G. The Psychology of Driving; Lawrence Erlbaum Associates: Mahwah, NJ, USA, 2007.

Department for Transport. Transport Statistics Great Britain. 2018. Available online: https:/ /assets.publishing.service.gov.
uk/government/uploads/system/uploads/attachment_data/file /787488 /tsgb-2018-report-summaries.pdf (accessed on 24
August 2020).

DVLA. Driver & Vehicle Licensing Agency Annual Report and Accounts 2015 to 2016. 2015. Available online: https://
assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/545618/dvla-ara-2015-16.pdf
(accessed on 14 August 2020).

Department for Transport. Transport Statistics Great Britain. 2019. Available online: https:/ /assets.publishing.service.gov.uk/
government/uploads/system/uploads/attachment_data/file/870647 / tsgb-2019.pdf (accessed on 14 August 2020).

Griffin, L.; Adams, N.; Little, T. Self Determination Theory, Identity Development, and Adolescence. In Development of Self-
Determination through the Life-Course; Wehmeyer, M., Shogren, K., Little, T., Lopez, S., Eds.; Springer: Dordrecht, The Netherlands,
2017. [CrossRef]

Horswill, M.; Mckenna, F. The development, validation, and application of a video-based technique for measuring an everyday
risk-taking behavior: Drivers’ speed choice. |. Appl. Psychol. 1999, 84, 977-985. [CrossRef] [PubMed]

Horswill, M.; Hill, A.; Rodwell, D.; Larue, G.; Bates, L.; Watson, B. A brief and unsupervised online intervention improves
performance on a validated test of hazard perception skill used for driver licensing. Transp. Res. Part F Traffic Psychol. Behav. 2021,
78, 130-136. [CrossRef]

Gomes-Franco, K.; Rivera-Izquierdo, M.; Martin-delosReyes, L.M.; Jiménez-Mejias, E.; Martinez-Ruiz, V. Explaining the Associa-
tion between Driver’s Age and the Risk of Causing a Road Crash through Mediation Analysis. Int. |. Environ. Res. Public Health
2020, 17,9041. [CrossRef] [PubMed]

Hatfield, J.; Fernandes, R. The role of risk-propensity in the risky driving of younger drivers. Accid. Anal. Prev. 2009, 41, 25-35.
[CrossRef] [PubMed]

McKenna, EP; 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.

Hergovich, A.; Arendasy, M.; Sommer, M.; Bognar, B. The Vienna risk- taking test-traffic: A new measure of road traffic risk-taking.
J. Individ. Differ. 2007, 28, 198-204. [CrossRef]

Wilde, G.J.S. The theory of risk homeostasis: Implications for safety and health. Risk Anal. 2006, 2, 209-225. [CrossRef]

Reyna, V.F; Farley, F. Risk and rationality in adolescent decision making: Implications for theory, practice, and public policy.
Psychol. Sci. Public Interest 2006, 7, 1-44. [CrossRef] [PubMed]

Kotchick, B.A.; Shaffer, A.; Forehand, R.; Miller, K.S. Adolescent sexual risk behavior: A multi-system perspective. Clin. Psychol.
Rev. 2001, 21, 493-519. [CrossRef]

Janz, N.; Becker, M.H. The health belief model: A decade later. Health Educ. Q. 1984, 11, 1-47. [CrossRef]

Fishbein, M.; Ajzen, 1. Belief, Attitude, Intention and Behavior: An Introduction to Theory and Research; Addison-Wesley: Reading, MA,
USA, 1975.

Ajzen, I. The theory of planned behavior. Organ. Behav. Hum. Decis. Process. 1991, 50, 179-211. [CrossRef]

Kelly, E.; Darke, S.; Ross, J. A review of drug use and driving: Epidemiology, impairment, risk factors and risk perceptions. Drug
Alcohol Rev. 2004, 23, 319-344. [CrossRef]

Machin, M.A.; Plint, ].E. Understanding the unique contribution of aversion to risk taking in predicting drivers’ self-reported
speeding. In Driver Behaviour and Training. Volume IV. Human Factors in Road and Rail Transport; Dorn, E.L., Ed.; Ashgate: Aldershot,
UK, 2010; pp. 61-73.

Rolison, M.R.; Scherman, A. Factors influencing adolescents” decisions to engage in risk-taking behavior. Adolescence 2002, 37,
585-596.

Siegel, A.W.; Cousins, J.H.; Rubovits, D.S.; Parsons, ].T.; Lavery, B.; Crowley, C.L. Adolescents’ perceptions of the benefits and
risks of their own risk taking. J. Emot. Behav. Disord. 1994, 2, 89-98. [CrossRef]

Johnson, R.J.; McCaul, K.D.; Klein, W.M.P. Risk involvement and risk perception among adolescents and young adults. J. Behav.
Med. 2002, 25, 67-82. [CrossRef]

Brewer, N.T.; Weinstein, N.D.; Cuite, C.L.; Herrington, J. Risk perceptions and their relation to risk behavior. Ann. Behav. Med.
2004, 27, 125-130. [CrossRef]

Reyna, V.F. How people make decisions that involve risk: A dual-processes approach. Curr. Dir. Psychol. Sci. 2004, 13, 60-66.
[CrossRef]

Mills, B.; Reyna, V.E; Estrada, S. Explaining contradictory relations between risk perception and risk taking. Psychol. Sci. 2008, 19,
429-433. [CrossRef]


https://www.who.int/violence_injury_prevention/road_safety_status/2018/en/s
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/787488/tsgb-2018-report-summaries.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/787488/tsgb-2018-report-summaries.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/545618/dvla-ara-2015-16.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/545618/dvla-ara-2015-16.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/870647/tsgb-2019.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/870647/tsgb-2019.pdf
http://doi.org/10.1007/978-94-024-1042-6_14
http://doi.org/10.1037/0021-9010.84.6.977
http://www.ncbi.nlm.nih.gov/pubmed/10639911
http://doi.org/10.1016/j.trf.2021.02.003
http://doi.org/10.3390/ijerph17239041
http://www.ncbi.nlm.nih.gov/pubmed/33291551
http://doi.org/10.1016/j.aap.2008.08.023
http://www.ncbi.nlm.nih.gov/pubmed/19114134
http://doi.org/10.1027/1614-0001.28.4.198
http://doi.org/10.1111/j.1539-6924.1982.tb01384.x
http://doi.org/10.1111/j.1529-1006.2006.00026.x
http://www.ncbi.nlm.nih.gov/pubmed/26158695
http://doi.org/10.1016/S0272-7358(99)00070-7
http://doi.org/10.1177/109019818401100101
http://doi.org/10.1016/0749-5978(91)90020-T
http://doi.org/10.1080/09595230412331289482
http://doi.org/10.1177/106342669400200203
http://doi.org/10.1023/A:1013541802282
http://doi.org/10.1207/s15324796abm2702_7
http://doi.org/10.1111/j.0963-7214.2004.00275.x
http://doi.org/10.1111/j.1467-9280.2008.02104.x

Int. J. Environ. Res. Public Health 2021, 18, 10227 17 of 20

27.

28.
29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.
52.

53.

54.

55.

56.

Milech, D.; Glencross, D.; Hartley, L. Skill Acquisition by Young Drivers: Perceiving, Interpreting and Responding to the Driving
Environment (Report No. MR4); Federal Office of Road Safety: Canberra, Australia, 1989.

Deery, H.A. Hazard and risk perception among young novice drivers’. J. Saf. Res. 1999, 30, 225-236. [CrossRef]

Castro, C.; Muela, I.; Doncel, P.; Garcia-Fernandez, P. Hazard Perception and Prediction test for walking, riding a bike and driving
a car: “Understanding of the global traffic situation”. PLoS ONE 2020, 15, e0238605. [CrossRef]

Groeger, ].A.; Chapman, PR. Judgement of traffic scenes: The role of danger and difficulty. Appl. Cogn. Psychol. 1996, 10, 349-364.
[CrossRef]

Crundall, D.; van Loon, E.; Baguley, T.; Kroll, V. A novel driving assessment combining hazard perception, hazard prediction and
theory questions. Accid. Anal. Prev. 2021, 149, 105847. [CrossRef]

Mckenna, E; Crick, J. Developments in Hazard Perception; Transport and Road Research Laboratory, TRL 297: Crowthorne, UK,
1997. [CrossRef]

Krishnan, A.; Samuel, S.; Yamani, Y.; Romoser, M.R.; Fisher, D.L. Effectiveness of a strategic hazard anticipation training
intervention in high risk scenarios. Transp. Res. Part F Traffic Psychol. Behav. 2019, 67, 43-56. [CrossRef]

Ivers, R.; Senserrick, T.; Boufous, S.; Stevenson, M.; Chen, H.Y.; Woodward, M.; Norton, R. Novice drivers’ risky driving behavior,
risk perception, and crash risk: Findings from the DRIVE study. Am. J. Public Health 2009, 99, 1638-1644. [CrossRef]

Jonah, B.A. Accident risk and risk-taking behaviour among young drivers. Accid. Anal. Prev. 1986, 18, 255-271. [CrossRef]
Harbeck, E.; Glendon, I. How reinforcement sensitivity and perceived risk influence young drivers’ reported engagement in risky
driving behaviors. Accid. Anal. Prev. 2013, 54, 73-80. [CrossRef]

Delhomme, P.; Verlhiac, ].F; Martha, C. Are drivers’ comparative risk judgments about speeding realistic? ]. Saf. Res. 2009, 40,
333-339. [CrossRef] [PubMed]

Machin, M.A.; Sankey, K.S. Relationships between young drivers” personality characteristics, risk perceptions, and driving
behaviour. Accid. Anal. Prev. 2008, 40, 541-547. [CrossRef]

Horvath, P; Zuckerman, M. Sensation seeking, risk appraisal, and risky behavior. Personal. Individ. Differ. 1993, 14, 41-52.
[CrossRef]

Rosenbloom, T. Risk evaluation and risky behavior of high and low sensation seekers. Soc. Behav. Personal. Int. ]. 2003, 31,
375-386. [CrossRef]

Rosenbloom, T.; Nemrodov, D.; Ben Eliyahu, A. Yielding behavior of Israeli drivers: Interaction of age and sex. Percept Mot. Ski.
2006, 103, 387-390. [CrossRef] [PubMed]

O’Brien, F; Bible, J.; Liu, D.; Simons-Morton, B.G. Do Young Drivers Become Safer After Being Involved in a Collision? Psychol.
Sci. 2017, 28, 407-413. [CrossRef] [PubMed]

Fuller, R. Driver control theory: From task difficulty homeostasis to risk allostasis (Chapter 2). In Handbook of Traffic Psychology;
Porter, B.E., Ed.; Elsevier: Amsterdam, The Netherlands, 2011; pp. 13-26. [CrossRef]

Hu, T.; Xie, X,; Li, J. Negative or positive? The effect of emotion and mood on risky driving. Transp. Res. Part F Traffic Psychol.
Behav. 2013, 16, 29-40. [CrossRef]

Mesken, J.; Hagenzieker, M.P.; Rothengatter, T.; de Waard, D. Frequency, determinants, and consequences of different drivers’
emotions: An on-the-road study using self-reports, (observed) behaviour, and physiology. Transp. Res. Part F Traffic Psychol. Behav.
2007, 10, 458-475. [CrossRef]

Taubman-Ben-Ari, O.; Yehiel, D. Driving styles and their associations with personality and motivation. Accid. Anal. Prev. 2012, 45,
416-422. [CrossRef]

Abdu, R;; Shinar, D.; Meiran, N. Situational (State) Anger and Driving. Transp. Res. Part F Traffic Psychol. Behav. 2012, 15, 575-580.
[CrossRef]

Lerner, J.; Gonzalez, R.; Small, D.; Fischhoff, B. Effects of Fear and Anger on Perceived Risks of Terrorism A National Field
Experiment. Psychol. Sci. 2003, 14, 144-150. [CrossRef]

Underwood, G.; Chapman, P,; Brocklehurst, N.; Underwood, J.; Crundall, D. Visual attention while driving: Sequences of eye
fixations made by experienced and novice drivers. Ergonomics 2003, 46, 629-646. [CrossRef]

Lu, J.; Xie, X.; Zhang, R. Focusing on appraisals: How and why anger and fear influence driving risk perception. J. Saf. Res. 2013,
45, 65-73. [CrossRef]

Fuller, R. Towards a general theory of driver behaviour. Accid. Anal. Prev. 2005, 37, 461-472. [CrossRef]

Klauer, S.; Guo, F; Simons-Morton, B.; Ouimet, M.; Lee, S.; Dingus, T. Distracted Driving and Risk of Road Crashes among
Novice and Experienced Drivers. N. Engl. ]. Med. 2014, 370, 54-59. [CrossRef]

Parr, M.N.; Ross, L.A.; McManus, B.; Bishop, H.J.; Wittig, S.H.; Stavrinos, D. Differential impact of personality traits on distracted
driving behaviors in teens and older adults. Accid. Anal. Prev. 2016, 92, 107-112. [CrossRef] [PubMed]

Panayiotou, G. The bold and the fearless among us: Elevated psychopathic traits and levels of anxiety and fear are associated
with specific aberrant driving behaviors. Accid. Anal. Prev. 2015, 79, 117-125. [CrossRef] [PubMed]

Armsby, P; Boyle, A.J.; Wright, C.C. Methods for assessing drivers’ perception of specific hazards on the road. Accid. Anal. Prev.
1989, 21, 45-60. [CrossRef]

Malhotra, N.; Starckey, N.; Charlton, S. Driving under the influence of drugs: Perceptions and attitudes of New Zealand drivers.
Accid. Anal. Prev. 2017, 106, 44-52. [CrossRef]


http://doi.org/10.1016/S0022-4375(99)00018-3
http://doi.org/10.1371/journal.pone.0238605
http://doi.org/10.1002/(SICI)1099-0720(199608)10:4&lt;349::AID-ACP388&gt;3.0.CO;2-4
http://doi.org/10.1016/j.aap.2020.105847
http://doi.org/10.13140/RG.2.1.1014.7680
http://doi.org/10.1016/j.trf.2019.10.004
http://doi.org/10.2105/AJPH.2008.150367
http://doi.org/10.1016/0001-4575(86)90041-2
http://doi.org/10.1016/j.aap.2013.02.011
http://doi.org/10.1016/j.jsr.2009.09.003
http://www.ncbi.nlm.nih.gov/pubmed/19932313
http://doi.org/10.1016/j.aap.2007.08.010
http://doi.org/10.1016/0191-8869(93)90173-Z
http://doi.org/10.2224/sbp.2003.31.4.375
http://doi.org/10.2466/pms.103.2.387-390
http://www.ncbi.nlm.nih.gov/pubmed/17165401
http://doi.org/10.1177/0956797616688118
http://www.ncbi.nlm.nih.gov/pubmed/28406372
http://doi.org/10.1016/C2009-0-01975-8
http://doi.org/10.1016/j.trf.2012.08.009
http://doi.org/10.1016/j.trf.2007.05.001
http://doi.org/10.1016/j.aap.2011.08.007
http://doi.org/10.1016/j.trf.2012.05.007
http://doi.org/10.1111/1467-9280.01433
http://doi.org/10.1080/0014013031000090116
http://doi.org/10.1016/j.jsr.2013.01.009
http://doi.org/10.1016/j.aap.2004.11.003
http://doi.org/10.1056/NEJMsa1204142
http://doi.org/10.1016/j.aap.2016.03.011
http://www.ncbi.nlm.nih.gov/pubmed/27054484
http://doi.org/10.1016/j.aap.2015.03.007
http://www.ncbi.nlm.nih.gov/pubmed/25819475
http://doi.org/10.1016/0001-4575(89)90048-1
http://doi.org/10.1016/j.aap.2017.05.011

Int. J. Environ. Res. Public Health 2021, 18, 10227 18 of 20

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.
73.

74.

75.

76.

77.

78.

79.

80.

81.
82.

83.

84.

85.

86.

Cox, D.J.; Gonder-Frederick, L.A.; Singh, H.; Ingersoll, K.S.; Banton, T.; Grabman, J.H.; Schmidt, K.; Clarke, W. Predicting and
Reducing Driving Mishaps Among Drivers With Type 1 Diabetes. Diabetes Care 2017, 40, 742-750. [CrossRef]

IRTAD (International Traffic Safety Data and Analysis Group). Road Safety Annual Report: International Safety Data, ITF. 2018.
Available online: www.itf-oecd.org/road-safety-annual-report-2018 (accessed on 24 August 2020).

Sarkar, S.; Andreas, M. Drivers’ Perception of Pedestrians’ Rights and Walking Environments. Transp. Res. Rec. ]. Transp. Res.
Board 2004, 1878, 75-82. [CrossRef]

Boufous, S.; Ivers, R.; Senserrick, T.; Stevenson, M. Attempts as the practical on-road driving test and the hazard perception test
and the risk of traffic crashes in young drivers. Traffic Inj. Prev. 2009, 12, 475-482. [CrossRef]

Durén, N.M.; Moreno, N.D. Personalidad e infracciones frecuentes de normas de transito. Divers. Perspect. Psicol. 2016, 12,
123-136. [CrossRef]

DeJoy, D.M. An examination of gender differences in traffic accident risk perception. Accid. Anal. Prev. 1992, 24, 237-246.
[CrossRef]

Sivak, M.; Soler, J.; Trankle, U.; Spanghol, J.M. Cross-cultural differences in driver risk perception. Accid. Anal. Prev. 1989, 21,
355-362. [CrossRef]

Williams, A.; Shabanova, V. Responsibility of drivers, by age and gender, for motor-vehicle crash deaths. J. Saf. Res. 2003, 34,
527-531. [CrossRef]

Reason, J.; Manstead, A.; Stradling, S.; Baxter, J.; Campbell, K. Errors and violations on the roads: A real distinction? Ergonomics
1990, 33, 1315-1332. [CrossRef] [PubMed]

European Transport Safety Council ETSC. Risk on the Roads: A Male Problem? The Role of Gender in Road Safety. 2013.
Available online: https://etsc.eu/wp-content/uploads/2014/03/Flash25_Gender.pdf (accessed on 24 August 2020).

Yagil, D. Instrumental and normative motives for compliance with traffic laws among young and older drivers. Accid. Anal. Prev.
1998, 30, 417-424. [CrossRef]

Granie, M. A. Gender differences in preschool children declared and behavioral compliance with pedestrian rules. Transp. Res.
Part F Traffic Psychol. Behav. 2007, 10, 371-382. [CrossRef]

McDonald, H.; Berecki-Gisolf, J.; Stephan, K.; Newstead, S. Traffic offending and deterrence: An examination of recidivism
amongst drivers in Victoria, Australia, born prior to 1975. PLoS ONE 2020, 15, €0239942. [CrossRef]

Wang, Y.; Mehler, B.; Reimer, B.; Lammers, V.; D’Ambrosio, L.; Coughlin, J. The Validity of Driving Simulation for Assessing
Differences between In-Vehicle Informational Interfaces: A Comparison with Field Testing. Ergonomics 2010, 53, 404—420.
[CrossRef]

Harbeck, E.; Glendon, A ; Hine, T. Reward versus punishment: Reinforcement sensitivity theory, young novice drivers’ perceived
risk, and risky driving. Transp. Res. Part F-Traffic Psychol. Behav. 2017, 47, 13-22. [CrossRef]

Blockey, PN.; Hartley, L.R. Aberrant driving behaviour: Errors and violations. Ergonomics 1995, 38, 1759-1771. [CrossRef]

De Winter, ].D.; Dodou, D. The Driver Behaviour Questionnaire as a predictor of accidents: A meta-analysis. J. Saf. Res. 2010, 41,
463-470. [CrossRef] [PubMed]

Rhodes, N.; Pivik, K. Age and gender differences in risky driving: The roles of positive affect and risk perception. Accid. Anal.
Prev. 2011, 43, 923-931. [CrossRef] [PubMed]

Arain, M.; Haque, M.; Johal, L.; Mather, P.; Nel, W.; Rais, A.; Sandhu, R.; Sharma, S. Maturation of the adolescent brain.
Neuropsychiatr. Dis. Treat. 2013, 9, 449-461. [PubMed]

McCartt, A.; Mayhew, D.; Braitman, K.; Ferguson, S.; Simpson, H. Effects of Age and Experience on Young Driver Crashes:
Review of Recent Literature. Traffic Inj. Prev. 2009, 10, 209-219. [CrossRef]

Curry, A.E.; Metzger, K.B.; Williams, A.E,; Tefft, B.C. Comparison of older and younger novice driver crash rates: Informing the
need for extended Graduated Driver Licensing restrictions. Accid. Anal. Prev. 2017, 108, 66-73. [CrossRef] [PubMed]

Farrand, P.; Mckenna, F. Risk perception in novice drivers: The relationship between questionnaire measures and response
latency. Transp. Res. Part F Traffic Psychol. Behav. 2001, 4, 201-212. [CrossRef]

McKenna, EP,; Horswill, M.S.; Alexander, J.L. Does anticipation training affect drivers’ risk taking? J. Exp. Psychol. Appl. 2006, 12,
1-10. [CrossRef]

Trivedi, N.; Haynie, D.; Bible, J.; Liu, D.; Simons-Morton, B. Cell Phone Use While Driving: Prospective Association with
Emerging Adult Use. Accid. Anal. Prev. 2017, 106, 450-455. [CrossRef]

Deffenbacher, J.L.; Oetting, E.R.; Lynch, R.S. Development of a driving anger scale. Psychol. Rep. 1994, 74, 83-91. [CrossRef]
Delhomme, P.; Chaurand, N.; Paran, F. Personality predictors of speeding in young drivers: Anger vs. sensation seeking. Transp.
Res. Part F Traffic Psychol. Behav. 2012, 15, 654—666. [CrossRef]

European Commision. 2019 Road Safety Statistics: What Is Behind the Figures? 2020. Available online: https://ec.europa.eu/
commission/presscorner/detail/en/QANDA_20_1004 (accessed on 20 April 2021).

Swedler, D.I.; Bowman, S.M.; Baker, S.P. Gender and Age Differences among Teen Drivers in Fatal Crashes. Annals of advances in
automotive medicine. Association for the Advancement of Automotive Medicine. Annu. Sci. Conf. 2012, 56, 97-106.

Bar-Gera, H.; Shinar, D. The tendency of drivers to pass other vehicles. Transp. Res. Part F Traffic Psychol. Behav. 2005, 8, 429-439.
[CrossRef]

Harris, D. The subjective probability of involvement in an overtaking accident in the vicinity of a junction. In User Behaviour:
Theory and Research; Rothengatter, J.A., de Bruin, R.A., Eds.; Van Gorcum: Assen, The Netherlands, 1988; pp. 163-168.


http://doi.org/10.2337/dc16-0995
www.itf-oecd.org/road-safety-annual-report-2018
http://doi.org/10.3141/1878-10
http://doi.org/10.1080/15389588.2011.591856
http://doi.org/10.15332/s1794-9998.2016.0001.09
http://doi.org/10.1016/0001-4575(92)90003-2
http://doi.org/10.1016/0001-4575(89)90026-2
http://doi.org/10.1016/j.jsr.2003.03.001
http://doi.org/10.1080/00140139008925335
http://www.ncbi.nlm.nih.gov/pubmed/20073122
https://etsc.eu/wp-content/uploads/2014/03/Flash25_Gender.pdf
http://doi.org/10.1016/S0001-4575(98)00003-7
http://doi.org/10.1016/j.trf.2007.02.002
http://doi.org/10.1371/journal.pone.0239942
http://doi.org/10.1080/00140130903464358
http://doi.org/10.1016/j.trf.2017.04.001
http://doi.org/10.1080/00140139508925225
http://doi.org/10.1016/j.jsr.2010.10.007
http://www.ncbi.nlm.nih.gov/pubmed/21134510
http://doi.org/10.1016/j.aap.2010.11.015
http://www.ncbi.nlm.nih.gov/pubmed/21376884
http://www.ncbi.nlm.nih.gov/pubmed/23579318
http://doi.org/10.1080/15389580802677807
http://doi.org/10.1016/j.aap.2017.08.015
http://www.ncbi.nlm.nih.gov/pubmed/28858774
http://doi.org/10.1016/S1369-8478(01)00024-9
http://doi.org/10.1037/1076-898X.12.1.1
http://doi.org/10.1016/j.aap.2017.04.013
http://doi.org/10.2466/pr0.1994.74.1.83
http://doi.org/10.1016/j.trf.2012.06.006
https://ec.europa.eu/commission/presscorner/detail/en/QANDA_20_1004
https://ec.europa.eu/commission/presscorner/detail/en/QANDA_20_1004
http://doi.org/10.1016/j.trf.2005.06.001

Int. J. Environ. Res. Public Health 2021, 18, 10227 19 of 20

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.
111.

112.

113.

114.

115.

116.

Pai, C.W. Motorcycle right-of-way accidents-A literature review. Accid. Anal. Prev. 2011, 43, 971-982. [CrossRef]

Koorey, G. Passing opportunities at slow-vehicle bays. J. Transp. Eng. 2007, 133, 129-137. [CrossRef]

Kaub, A.R. Passing Operations on a Recreational Two-Lane, Two-Way Highway. In Transportation Research Record 1280; TRB;
National Research Council: Washington, DC, USA, 1990; pp. 156-162.

Pollatschek, M.; Polus, A. Modeling impatience of drivers in passing situations. In Transportation and Traffic Theory: Flow, Dynamics
and Human Interaction; Mahmassimi, H., Ed.; Emerald Group Publications: Bingley, UK, 2005.

Kinnear, N.; Helman, S.; Wallbank, C.; Grayson, G. An experimental study of factors associated with driver frustration and
overtaking intentions. Accid. Anal. Prev. 2015, 79, 221-230. [CrossRef]

Harbeck, E.; Glendon, A. Driver prototypes and behavioral willingness: Young driver risk perception and reported engagement
in risky driving. J. Saf. Res. 2018, 66, 195-204. [CrossRef] [PubMed]

Elmitiny, N.; Yan, X.; Radwan, E.; Russo, C.; Nashar, D. Classification analysis of driver’s stop/go decision and red-light running
violation. Accid. Anal. Prev. 2010, 42, 101-111. [CrossRef] [PubMed]

Qi, W.; Wen, H.; Fu, C,; Song, M. Game Theory Model of Traffic Participants within Amber Time at Signalized Intersection.
Comput. Intell. Neurosci. 2014, 2014, 756235. [CrossRef] [PubMed]

Yang, D.; Najm, W.G. Examining driver behavior using data gathered from red light photo enforcement cameras. J. Saf. Res. 2007,
38, 311-321. [CrossRef]

Caird, J.; Chisholm, S.; Edwards, C.; Creaser, ]. The effect of yellow light onset time on older and younger drivers’ perception
response time (PRT) and intersection behavior. Transp. Res. Part F Traffic Psychol. Behav. 2007, 10, 383-396. [CrossRef]

Rakha, H.; Amer, A.; El-Shawarby, I. Modeling driver behavior within a signalized intersection approach decision-dilemma zone.
Transp. Res. Rec. 2008, 2069, 16-25. [CrossRef]

Papaioannou, P. Driver behaviour, dilemma zone and safety effects at urban signalised intersections in Greece. Accid. Anal. Prev.
2007, 39, 147-158. [CrossRef]

Deery, H.A.; Love, AW. The effect of a moderate dose of alcohol on the hazard perception profile of young drink drivers.
Addiction 1996, 91, 815-827. [CrossRef]

Arendasy, M.; Sommer, M.; Ponocny, I. Psychometric approaches help resolve competing cognitive models: When less is more
than it seems. Cogn. Instr. 2005, 23, 503-521. [CrossRef]

Castro, C.; Ventsislavova, P.; Garcia-Fernandez, P.; Crundall, D. Risky Decision Making and Hazard Prediction are negatively
related and could be assessed independently using driving footage. Psychol. Res. Behav. Manag. 2021, 14, 857-876. [CrossRef]
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 2009, 52, 154-164. [CrossRef] [PubMed]

Ventsislavova, P.; Crundall, D. The hazard prediction test: A comparison of free-response and multiple-choice formats. Saf. Sci.
2018, 109, 246-255. [CrossRef]

Ventsislavova, P.; Crundall, D.; Baguely, T.; Castro, C.; Gugliotta, A.; Garcia-Fernandez, P.; Zhang, W.; Ba, Y,; Li, Q. A comparison
of hazard perception and hazard prediction test across China, Spain and the UK. Accid. Anal. Prev. 2019, 122, 268-286. [CrossRef]
[PubMed]

Boyce, T.E.; Geller, E.S. An instrumented vehicle assessment of problem behavior and driving style: Do younger males really take
more risks? Accid. Anal. Prev. 2002, 34, 51-64. [CrossRef]

Clarke, D.D.; Ward, P,; Bartle, C.; Truman, W. Young driver accidents in the UK: The influence of age, experience, and time of day.
Accid. Anal. Prev. 2006, 38, 871-878. [CrossRef]

McKnight, J.; McKnight, S. Young novice drivers: Careless or clueless? Accid. Anal. Prev. 2003, 35, 921-925. [CrossRef]
Parlangeli, O.; Bracci, M.; Guidi, S.; Marchigiani, E.; Duguid, A. Risk perception and emotions regulation strategies in driving
behaviour: An analysis of the self-reported data of adolescents and young adults. Int. J. Hum. Factors Ergon. 2018, 5, 166.
[CrossRef]

Adanu, E.K,; Smith, R.; Powell, L.; Jones, S. Multilevel analysis of the role of human factors in regional disparities in crash
outcomes. Accid. Anal. Prev. 2017, 109, 10-17. [CrossRef] [PubMed]

DeJoy, D.M. The optimism bias and traffic accident risk perception. Accid. Anal. Prev. 1989, 21, 333-340. [CrossRef]

Castro, C.; Padilla, ].L.; Roca, J.; Benitez, I.; Garcia-Fernandez, P; Estevez, B.; Lopez-Ramon, M.F.; Crundall, D. Development and
validation of the Spanish hazard perception test. Traffic Inj. Prev. 2014, 15, 817-826. [CrossRef] [PubMed]

Ventsislavova, P.; Gugliotta, A.; Pefia-Suarez, E.; Garcia-Fernandez, P,; Eisman, E.; Crundall, D.; Castro, C. What happens when
drivers face hazards on the road? Accid. Anal. Prev. 2016, 91, 43-54. [CrossRef] [PubMed]

Byrnes, J.; Miller, D.C.; Schafer, W.D. Gender differences in risk taking: A meta-analysis. Psychol. Bull. 1999, 125, 367-383.
[CrossRef]

Hanna, C.L.; Taylor, D.M.; Sheppard, M.A.; Laflamme, L. Fatal crashes involving young unlicensed drivers in the U.S. ]. Saf. Res.
2006, 37, 385-393. [CrossRef]

Ohlhauser, A.D.; Milloy, S.; Caird, J.K. Driver responses to motorcycle and lead vehicle braking events: The effects of motorcycling
experience and novice versus experienced drivers. Transp. Res. Part F Traffic Psychol. Behav. 2011, 14, 472-483. [CrossRef]

Palat, B.; Delhomme, P. What factors can predict why drivers go through yellow traffic lights? An approach based on an extended
Theory of Planned Behavior. Saf. Sci. 2012, 508, 408—417. [CrossRef]


http://doi.org/10.1016/j.aap.2010.11.024
http://doi.org/10.1061/(ASCE)0733-947X(2007)133:2(129)
http://doi.org/10.1016/j.aap.2015.03.032
http://doi.org/10.1016/j.jsr.2018.07.009
http://www.ncbi.nlm.nih.gov/pubmed/30121106
http://doi.org/10.1016/j.aap.2009.07.007
http://www.ncbi.nlm.nih.gov/pubmed/19887150
http://doi.org/10.1155/2014/756235
http://www.ncbi.nlm.nih.gov/pubmed/25580108
http://doi.org/10.1016/j.jsr.2007.01.008
http://doi.org/10.1016/j.trf.2007.03.002
http://doi.org/10.3141/2069-03
http://doi.org/10.1016/j.aap.2006.06.014
http://doi.org/10.1111/j.1360-0443.1996.tb03577.x
http://doi.org/10.1207/s1532690xci2304_3
http://doi.org/10.2147/PRBM.S305979
http://doi.org/10.1080/00140130802030714
http://www.ncbi.nlm.nih.gov/pubmed/18608478
http://doi.org/10.1016/j.ssci.2018.06.004
http://doi.org/10.1016/j.aap.2018.10.010
http://www.ncbi.nlm.nih.gov/pubmed/30391703
http://doi.org/10.1016/S0001-4575(00)00102-0
http://doi.org/10.1016/j.aap.2006.02.013
http://doi.org/10.1016/S0001-4575(02)00100-8
http://doi.org/10.1504/IJHFE.2018.092242
http://doi.org/10.1016/j.aap.2017.09.022
http://www.ncbi.nlm.nih.gov/pubmed/28992450
http://doi.org/10.1016/0001-4575(89)90024-9
http://doi.org/10.1080/15389588.2013.879125
http://www.ncbi.nlm.nih.gov/pubmed/24433083
http://doi.org/10.1016/j.aap.2016.02.013
http://www.ncbi.nlm.nih.gov/pubmed/26954761
http://doi.org/10.1037/0033-2909.125.3.367
http://doi.org/10.1016/j.jsr.2006.05.007
http://doi.org/10.1016/j.trf.2011.08.003
http://doi.org/10.1016/j.ssci.2011.09.020

Int. J. Environ. Res. Public Health 2021, 18, 10227 20 of 20

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

Lum, K.M.; Wong, Y.D. A study of stopping propensity at matured red light camera T-intersections. J. Saf. Res. 2002, 33, 355-369.
[CrossRef]

Retting, R.A.; Ferguson, S.A.; Hakkert, A.S. Effects of red-light cameras on violations and crashes: A review of the international
literature. Traffic Inj. Prev. 2003, 4, 17-23. [CrossRef]

Bonneson, J.; Zimmerman, K.; Brewer, M. Red-Light Running Handbook: An Engineer’s Guide to Reducing Red-Light-Related Crashes;
FHWA /TX-05/0-4196-P1; Texas Transportation Institute, The Texas A&M University System: College Station, TX, USA, 2004.
Cross, K.D.; Fisher, G. A Study of Bicycle/Motor Vehicle Accidents: Identification of Problem Types and Countermeasure Approaches;
DOT-HS-803-315; National Highway Traffic Safety Administration: Washington, DC, USA, 1977; Volumes 1 to 3.

Wood, ].M.; McGwin, G,, Jr.; Elgin, ].; Vaphiades, M.S.; Braswell, R.A.; DeCarlo, D.K,; Kline, L.B.; Meek, G.C.; Searcey, K.;
Owsley, C. On-road driving performance by persons with hemianopia and quadrantanopia. Investig. Ophthalmol. Vis. Sci. 2009,
50, 577-585. [CrossRef]

Stone, M.; Broughton, J. Getting off your bike: Cycling accidents in Great Britain in 1990-1999. Accid. Anal. Prev. 2003, 35, 549-556.
[CrossRef]

Walker, I. Drivers overtaking bicyclists: Objective data on the effects of riding position, helmet use, vehicle type and apparent
gender. Accid. Anal. Prev. 2007, 39, 417-425. [CrossRef]

Parkin, J.; Meyers, C. The effect of cycle lanes on the proximity between motor traffic and cycle traffic. Accid. Anal. Prev. 2010, 42,
159-165. [CrossRef] [PubMed]

Basford, L.; Reid, S.; Lester, T.; Thomson, J.; Tolmie, A. Drivers” Perceptions of Cyclists; University of Strathclyde, TRL549: Glasgow,
UK, 2002.

Johnson, M.; Charlton, J.; Oxley, J.; Newstead, S. Naturalistic cycling study: Identifying risk factors for on-road commuter cyclists.
Ann. Adv. Automot. Med. 2010, 54, 275-283. [PubMed ]

Antoun, C.; Couper, M.; Conrad, F. Effects of Mobile versus PC Web on Survey Response Quality: A Crossover Experiment in a
Probability Web Panel. Public Opin. Q. 2017, 18, 280-306. [CrossRef]

Huber, B.; Gajos, K.Z. Conducting online virtual environment experiments with uncompensated, unsupervised samples. PLoS
ONE 2020, 15, €0227629. [CrossRef]

Moller, M.; Haustein, S.; Prato, C.G. Profiling drunk driving recidivists in Denmark. Accid. Anal. Prev. 2015, 83, 125-131.
[CrossRef]

Padilla, J.L.; Doncel, P; Gugliotta, A.; Castro, C. Which drivers are at risk? Factors that determine the profile of the reoffender
driver. Accid. Anal. Prev. 2018, 119, 237-247. [CrossRef]

Kuiken, M.; Twisk, D. Safe Driving and Training Calibration: Literature Review; SWOW Institute for Road Safety Research:
Leidschendam, The Netherlands, 2001.


http://doi.org/10.1016/S0022-4375(02)00031-2
http://doi.org/10.1080/15389580309858
http://doi.org/10.1167/iovs.08-2506
http://doi.org/10.1016/S0001-4575(02)00032-5
http://doi.org/10.1016/j.aap.2006.08.010
http://doi.org/10.1016/j.aap.2009.07.018
http://www.ncbi.nlm.nih.gov/pubmed/19887156
http://www.ncbi.nlm.nih.gov/pubmed/21050610
http://doi.org/10.1093/poq/nfw088
http://doi.org/10.1371/journal.pone.0227629
http://doi.org/10.1016/j.aap.2015.07.015
http://doi.org/10.1016/j.aap.2018.07.021

	Introduction 
	Gender 
	Age and Driving Experience 
	Risky Driving Manoeuvres: Overtaking and the Amber Light Dilemma Zone 
	Driving Scenarios According to the “Active” vs. “Passive” Role of the Driver 
	The Current Study 

	Materials and Methods 
	Design 
	Participants 
	Materials 
	Filming and Video Editing 
	Video Clips 

	Procedure 

	Results 
	Internal Consistency 
	Age, Gender and Risky Situation 
	“How Likely Is That You Overtake the Bus/Cyclist or Pass through the Amber Light?” (Q1) 
	“How Likely Is That You Accelerate at this Point?” (Q2) 
	Correlations between the Two Questions 

	Assessment of Age and Gender on Driving Experience 
	Driving Experience 
	Driving Experience with Age and Gender as Covariates 


	Discussion 
	Conclusions 
	References

