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Abstract

Using the Road Situation Video Test Paradigm and Eye-Tracking Analysis Method, accord-
ing to the two-stage processing model of hazard perception (HP), this study divides HP into
two stages: perception and behaviour response, and compares the different roles of sensa-
tion seeking level in two different processing stages of perception and behaviour response
when adolescents are crossing the road. The results show that: (1) In the perception
stage, adolescents with high sensation seeking, especially boys with high sensation seek-
ing perceive danger faster than boys with low sensation seeking and girls, they are more
aware of danger. Particularly, boys with high sensation seeking show a stronger advantage
of attention processing to hazard in the early stage of perception processing from 8" and 9"
grades. (2) In the behaviour response stage, adolescents with high sensation seeking,
especially the boys are less sensitive, have stricter judgment criteria, and are more likely to
make dangerous decisions when crossing the road. Girls with different sensation seeking
levels are more sensitive and more cautious when crossing the road, make the probability of
judging dangerous situation is higher, so they choose a more conservative way, and may be
less likely to across the road.

Introduction

The Research Report on the Status of Road Traffic Injuries among Children in China (2014)
[1] states that road traffic injuries are the second leading cause of death among children aged 5
to 14 and the leading cause of death among boys in this age group. 3,994 young children under
the age of 18 died in road traffic accidents nationwide in 2013, with the 12 to 14 age group
accounting for 11.99% of the total number of deaths, and walking is their leading mode of
transport. The Programme for the Development of Chinese Children (2021-2031) [2] clearly
states the requirement to "train children to develop good traffic behaviour".
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From the perspective of cognitive development, HP is an important factor influencing the
risk of pedestrian accidents [3]. Children aged under 14 are more easily to become victims of
road traffic injuries because they are not fully mature in physical development, motor skills,
cognitive control and emotional factors, and their HP ability is lower [4]. HP is an individual’s
ability to recognise and respond to road hazards in a timely manner, and is a significant pre-
dictor of road risk behaviours [5]. A common measure of HP is the Road Situation Video Test
(RSVT), which measures correct response rate, reaction time and eye-tracking fixation time
[6]. In pedestrian HP measurement studies, it is generally accepted that faster and more cor-
rect reaction rates and shorter fixation times indicate better HP. According to signal detection
theory, there are two indicators for measuring pedestrian traffic judgement response-sensitiv-
ity(d’) and judgement criterion (). The higher the & value, the stronger the hazard discrimi-
nation, and the bigger the f value, the stricter the judgement criterion and the slower the
reaction to potential hazards [7].

HP skills depend on the individuals’ cognitive abilities. Junior high school students are in
the early and middle adolescent stages where they have not developed mature HP skills and
experienced difficulties in determining the safe time to cross the road [8], thus behaviour not
well when crossing road [9]. They focus only on distance factors and fail to use given informa-
tion effectively to choose a safe route [10], lacking awareness of common hazards at certain
road intersections, lacking visual search ability, having difficulties in perceiving and extracting
selective attention and temporal information [11], cognitive skills to handle complex traffic sit-
uations that are still lower than those of adults [12]. All these factors are associated with their
immature cognitive development.

HP is also conditioned by personality development. From a personality development per-
spective, children’s road traffic injuries are significantly and positively correlated with sensa-
tion seeking, and the higher the sensation seeking level in children, the more traffic risk-taking
behaviours will occur and the more likely they are to suffer road traffic injuries [13]. Adoles-
cence is a critical period for the development of sensation-seeking traits, and studies have
found that adolescents aged 10 to 15 are at an increasing sensation seeking level [14]. There
are more possibility of being at risk on the road than primary and high school students [15]
because they are sensitive to novel stimuli, are willing to engage in challenging activities and
are eager to feel the pleasure of stimulation. Some studies have found that high sensation seek-
ing adolescents are more prone to traffic injuries [16], and studies on driver perception of dan-
ger have reached similar conclusions [17]. High sensation seekers may ignore traffic rules and
speed limits and engage in more risky behaviours under impulsive situations. These may lead
to accidents or conflicts [18]. Their driving style that pursues risk stimulus makes them take
lightly the warning signals of other vehicles, which may reduce their hazard recognition.

Since adolescents are the pedestrians most likely to take risks, and junior high school stu-
dents are in their puberty, which is the peak period of high development of sensation seeking
level, so this study is limited to junior high school students. It is of great educational signifi-
cance to assess adolescents’ perception of road crossing hazards and exploring the influence of
sensation seeking for building safety awareness and developing safety skills for adolescents.

According to the two-stage processing model of HP [19], HP can be divided into two stages:
perception and behaviour response. Does an individual’s sensation seeking level have the same
effect on the two stages of HP? Is the effect of sensation seeking level present throughout the
processing of perception stage, or does it only play a role in the behaviour response stage? For
high sensation seeking adolescents, once a hazard appears on the road, the novel change is
likely to be picked up by them first, so we hypothesise that high sensation seeking adolescents
will be able to perceive changes on the road and recognise hazards more quickly, as evidenced
by a shorter latency of first fixation and a longer duration of the first fixation (Hypothesis 1).

PLOS ONE | https://doi.org/10.1371/journal.pone.0267309 May 6, 2022 2/13


https://doi.org/10.1371/journal.pone.0267309

PLOS ONE

An analysis of the adolescents’ hazard perception when crossing road from personality characteristics

However, high sensation seeking adolescents may also be less attentive to danger due to stimu-
lus seeking, so we hypothesise that high sensation seeking adolescents have stricter judgement
standards and lower sensitivity in the behaviour response stage (Hypothesis 2). Since the acti-
vation and arousal needs of sensation seeking peak around the age of 14 (junior high school
year) [14], we hypothesise that the role of sensation seeking in influencing perception stage
and behaviour response stage will be greater as the junior high school year progresses
(Hypothesis 3). The differences in grade, gender and personality (sensation seeking traits) in
adolescents’ HP explored in this study have important implications for their traffic safety
awareness development and healthy personality development.

Study 1: Effect of sensation seeking on adolescents’ perception
stage when crossing road

Materials and methods

Participants. A total of 99 students from junior high schools (grade: 7, 8 and 9™) in
Dalian were enrolled, with an average age of 13.55+1.04 years, all right-handed and with nor-
mal or corrected vision. The students were asked to answer the questions in the questionnaire
(See Appendix A in S1 File for details). The median method was used to screen out 56 high
sensation seekers and 43 low sensation seekers, the median score is 36, including 47 Grade 7
students (26 boys and 21 girls, mean age of 12.79+0.61 years), 28 Grade 8 students (13 boys
and 15 girls, mean age of 13.60+0.33 years) and 24 Grade 9 students (14 boys and 10 girls,
mean age of 14.99+ 0.61 years). None of the subjects had participated in a similar HP experi-
ment prior to this experiment. All received the appropriate reward after the experiment.

Research tools

The Sensation Seeking Scale for Primary and Secondary School Students developed by Chen
Lina and Zhang Ming was used to screen high and low sensation seeking students from each
grade and to serve as the experimental sample, with high internal consistency (Cronbach’s o =
0.877).

The Tobii T600 eye tracker was used to record the subjects’ eye movements at a sampling
rate of 600Hz. The Tobii T600 allows participants to shake their heads within a certain range
during the experiment. Participants can complete the test in a relatively natural state. The
Tobii Pro Lab x64 was used to delineate the area of interest.

Materials and procedure

Under good weather conditions, videos of real traffic situations were shot from the perspective
of pedestrians crossing the road in and around Dalian city. The original videos were edited
using video editing software.

17 boys and 14 girls (mean age of 13.55+0.65 years) were selected to rate the edited videos.
The participants were required to report: the presence of danger in the video, the time when
the danger appeared, whether the danger was common in daily life, the frequency of occur-
rence, whether the process of appearance and development of the danger was clearly defined,
and the number of dangers appearing at the same time. According to the purpose of this study,
and taking into account the results reported by the participants, videos with low frequency of
occurrence, relatively vague definition of the appearance and development process of hazards,
and more than one or one type of hazards appearing at the same time were deleted, and a total
of 12 videos of traffic hazard situations were finally retained, with an average duration of 9.83
+2.04 seconds. See Appendix B in S3 File for details.
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Each subject entered the laboratory individually was calibrated and given the guiding lan-
guage by the experimenter, and was formally put through 12 videos of real road traftfic situa-
tions after practising 3 videos. In the video, the subject was assumed to be standing at the
position of the arrow and was about to cross the road in the direction of the arrow. When the
subject saw a hazard on the road that could cause harm to him, he immediately pressed a but-
ton and the current video disappeared immediately after the response and automatically
jumped to the next video. During the experiment, the subject was asked to minimise physical
movements and to prepare by placing the index finger of the right hand on the Enter key of
the keyboard. The experimental environment was kept quiet and the light was soft and
constant.

Experimental design

A three-factor experimental design of 3 (grade: 71 8 and 9™) x 2 (gender: male, female) x 2
(sensation seeking level: high, low) was adopted. Grade, gender and sensation seeking level
were the between-subject variables. The dependent variables were two eye-tracking indicators:
latency of first fixation, which refers to how long it took for the subject to first fixate on the
area of interest, and first fixation duration, which refers to the duration of the subject’s first fix-
ation in an area of interest.

Area of interest(AOI)

In this research, dangerous vehicles were used as eye-tracking AOI, and the entire scene area
was 1918 x 1078 pixels, with each AOI being equaled in size, all 197 x 137 pixels, such as Fig 1.

Statistical analysis
A multivariate ANOVA was performed on the eye-tracking data using SPSS 22.0.

Fig 1. Dangerous vehicle AOI in different traffic scenarios. http://doi.org/10.6084/m9.figshare.19149749.

https://doi.org/10.1371/journal.pone.0267309.g001
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Results and analysis

Latency of first fixation. The statistical results of latency of first fixation of adolescents
during road crossing are shown below (Table 1).

The results of the multivariate ANOVA on latency of first fixation at road crossing of ado-
lescents showed that the main effect of grade was not significant; the main effect of gender was
significant, F(; g6 = 5.347, p<0.05, ° = 0.059, with boys having a significantly longer latency
of first fixation at road crossing than girls; the main effect of sensation seeking was significant,
F1, s6) = 13.324, p<0.001, n* = 0.134, with low sensation seeking adolescents having a signifi-
cantly longer latency of first fixation at road crossing than high sensation seeking adolescents.
The interaction between grade and gender was not significant; the interaction between grade
and sensation seeking was not significant; and the interaction between gender and sensation
seeking was significant, F(; ge) = 15.725, p<0.001, * = 0.155. Further simple effect analysis
revealed that latency of first fixation across the road was significantly longer for low sensation
seeking boys than for high sensation seeking boys, #(;, s¢) = 4.707, p<0.001, Cohen’s d = 0.75,
but there was no significant difference in latency of first fixation across the road for girls with
different levels of sensation seeking. Grade, gender and sensation seeking interactions were
not significant. The covariate age was not significantly different.

Duration of first fixation. Statistics on the duration of first fixation of adolescents when
crossing the road are shown below (Table 2).

The results of the multivariate ANOVA on the duration of first fixation of adolescents
when crossing road showed that: the main effect of grade was not significant; the main effect
of gender was significant, F(; gq) = 4.602, p<0.05, ° = 0.051, the duration of first fixation
point of boys crossing road was significantly shorter than the duration of first fixation of girls
crossing road; the main effect of sensation seeking was not significant; the interaction of grade
and gender was not significant; the interaction of grade and sensation seeking was not signifi-
cant; the interaction of gender and sensation seeking was significant, F(; g6) = 5.192, p<0.05,
n* = 0.057, the duration of first fixation of high sensation seeking boys was longer than that of

Table 1. Mean and standard deviation of latency of first fixation during road crossing for adolescents(s).

Grade Male Female
Low sensation seeking High sensation seeking Low sensation seeking High sensation seeking
(N=24) (N=29) (N=19) (N=27)
Grade 7 (N = 47) 2.77+0.43 2.41+0.17 2.44+0.23 2.48+0.17
Grade 8 (N =28) 2.73+0.31 2.36+0.20 2.56+0.40 2.44+0.14
Grade 9 (N = 24) 2.99+0.49 2.32+0.26 2.31+0.56 2.45+0.20

https://figshare.com/articles/figure/tabel1-4/19149803%file=34023125

https://doi.org/10.1371/journal.pone.0267309.t001

Table 2. Mean and standard deviation of the duration of first fixation for adolescents crossing road (s).

Grade Male Female
Low sensation Seeking (N = 24) High sensation seeking (N = 29) Low sensation seeking (N = 19) High sensation seeking (N = 27)
Grade 7 (N =47) 0.33+£0.10 0.32+0.10 0.30+0.09 0.34+0.08
Grade 8 (N = 28) 0.24+0.09 0.44+0.06 0.36+0.10 0.37+0.08
Grade 9 (N =24) 0.25+£0.08 0.33+£0.09 0.43+0.06 0.36+0.11

https://figshare.com/articles/figure/tabel1-4/191498032file=34023125

https://doi.org/10.1371/journal.pone.0267309.t002
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low sensation seeking boys, while the duration of first fixation of girls did not differ signifi-
cantly by sensation seeking level; the interaction between grade, gender and sensation seeking
was significant, F, g) = 3.756, p<0.05, n* = 0.080. A simple effect analysis showed that in 7"
grade, there was no significant difference in the duration of first fixation between sensation
seeking groups for either boys or girls (p>.05); in 8" grade, the duration of first fixation was
significantly longer in the high sensation seeking boys than in the low sensation seeking boys
(p < .05) and there was no difference in the girls’ group by sensation seeking level (p>>.05); in
9" grade, the first fixation duration was significantly longer in the high sensation seeking boys’
group than in the low sensation seeking boys’ group (p < .05) and in the low sensation seeking
girls’ group than in the high sensation seeking girls’ group (p < .05). The covariate age did not
differ significantly.

Study 2: Effects of sensation seeking on adolescents’ behaviour
response stage when crossing road

Materials and methods

Participants. 66 high sensation seekers and 55 low sensation seekers were screened (the
same method as Study 1), including 54 7 grade students (32 boys and 22 girls, mean age of
12.92+0.51 years), 39 8" grade students (21 boys and 18 girls, mean age of 13.93+0.48 years)
and 28 9™ grade students (16 boys and 12 girls, mean age of 15.20+ 0.52 years). All participants
had normal visual acuity or corrected visual acuity. None of the subjects had participated in a
similar HP experiment prior to this experiment. All were paid accordingly after the
experiment.

Materials and procedure

Under good weather conditions, videos of real traffic situations were shot from the perspective
of pedestrians crossing road in and around Dalian city. The original videos were edited using
video editing software.

17 boys and 14 girls (mean age of 13.55+0.65 years) were selected to rate the edited videos.
The participants were required to report whether there is danger in the video, and the finally
retained traffic situation includes 20 videos of dangerous traffic situation and non-dangerous
traffic situation, with an average duration of 10.20 + 1.54 seconds, and the number of videos of
the two situations is the same. See Appendix C in S5 File for details.

The experiment was conducted in a quiet and softly lit room. The subjects first filled out an
informed consent form and a basic information questionnaire. Throughout the experiment,
the computer was switched on silently, i.e. only the images of the traffic situation video were
presented without sound.

The subject was first presented with the guiding language by the experimenter, and the
experimenter explained it to him/her. During the experiment the subject was shown 20 videos
of real road traffic situations in which the subject was assumed to be standing at the position of
an arrow and was about to cross the road in the direction of the arrow. After the subject gave
clear instructions, the experiment was started and the video was played randomly, after which
the subject completed the behaviour choice task.

Study design

A three-factor experimental design of 3 (grade: 7', 8" and 9'™) x 2 (gender: male, female) x 2
(sensation seeking level: high, low) was used. Where grade, gender and sensation seeking level
were all between-subject variables. The dependent variables were sensitivity (d“), which refers
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to the subject’s ability to discriminate between traffic hazards, the higher the d” value, the
higher the subject’s sensitivity; and judgement standard (53), which refers to the subject’s crite-
ria for judging a stimulus as "dangerous", the bigger the § value, the stricter the subject’s judge-
ment standard, and the smaller the f value, the looser the subject’s judgement standard. Age is
a covariate.

Statistical analysis

A multivariate ANOVA was conducted using SPSS 22.0 for the d” and f values under the traf-
fic scenario video respectively.

Results and analysis

Sensitivity (d’) and judgement criteria () were calculated based on signal detection theory and
the statistical methods of Stanislaw and Todorov (1999).

The sensitivity (d’) was calculated as follows:

d' = Z hit—Z false alarm

The judgement criterion () was calculated using the following formula:

S =0 hit/ O false alarm

A Hit means that in a dangerous situation, the subject reports "No", that is, when there is a
danger, the subject finds danger and chooses not to cross road. A Miss means that in a danger-
ous situation, the subject reports "Yes", that is, when there is a danger, the subject does not
find the danger and chooses to cross the road. A Correct Refusal (CR) means that in a safe situ-
ation, the subject reports "Yes", i.e., no danger is present, but the subject does not find the dan-
ger and chooses to cross the road. A False Alarm (FA) means that in a safe situation, the
subject reports "No", i.e., no danger is present, but the subject finds the danger and chooses
not to cross the road. See Tables 3 and 4 below for details.

The results for sensitivity d” showed that the grade main effect was not significant; the gen-
der main effect was significant, F(; 120, = 4.201, p<0.05, n* = 0.037, with boys less sensitive
than girls; the sensation seeking main effect was significant, F(; 1,0, = 15.701, p<0.001, n° =
0.127, with high sensation seeking adolescents less sensitive than low sensation seeking adoles-
cents. The interaction between grade and gender was not significant; the interaction between
grade and sensation seeking was not significant; the interaction between gender and sensation
seeking was significant, F(; 129y = 4.794, p<0.05, 7° = 0.042. High sensation seeking boys are
less sensitive than low sensation seeking boys, but there is no significant difference in sensitiv-
ity among girls with different sensation seeking levels; the interaction between grade, gender
and sensation seeking was not significant.

The results of the judgment criterion  showed that the main effect of grade was not signifi-
cant; the main effect of gender was not significant; the main effect of sensation seeking was sig-
nificant, F; 1,0) = 6.328, p<0.05, n* = 0.055, and the judgment criterion for high sensation
seeking adolescents was higher than that for low sensation seeking adolescents; the interaction

Table 3. Signal detection theory indicators.

Situation Subjects’ response
No (not cross the road) Yes (cross the road)
Dangerous Hit Miss
Safe FA CR

https://figshare.com/articles/figure/tabel1-4/191498032file=34023131

https://doi.org/10.1371/journal.pone.0267309.t003

PLOS ONE | https://doi.org/10.1371/journal.pone.0267309 May 6, 2022 7/13


https://figshare.com/articles/figure/tabel1-4/19149803?file=34023131
https://doi.org/10.1371/journal.pone.0267309.t003
https://doi.org/10.1371/journal.pone.0267309

PLOS ONE

An analysis of the adolescents’ hazard perception when crossing road from personality characteristics

Table 4. Mean and standard deviations of sensitivity d and judgment criterion when crossing road for adolescents(s).

Grade Male Female
Low sensation seeking High sensation seeking Low sensation seeking High sensation seeking
(N =38) (N=31) (N=17) (N =35)
d’ p d’ p d’ p d’ p
Grade 7 (N = 54) 2.97+0.656 1.11+3.102 2.51+0.782 4.07+5.330 2.89+0.475 0.09+.013 2.86+0.780 3.40+5.449
Grade 8 (N = 39) 3.01+0.697 1.41+3.809 2.08+0.600 2.36+3.643 3.35+0.918 0.51+0.446 2.87+0.669 1.79+4.495
Grade 9 (N = 28) 3.27+1.301 0.71+0.338 1.87+0.557 0.82+0.572 2.92+0.736 0.33+0.449 2.64+0.820 3.52+5.656

https://figshare.com/articles/figure/tabel1-4/19149803?file=34023134

https://doi.org/10.1371/journal.pone.0267309.t004

of grade and gender was not significant; the interaction of grade and sensation seeking was not
significant; the interaction of gender and sensation seeking was not significant; the interaction
of grade, gender and sensation seeking was not significant.

General discussion

Based on the two-stage processing model of HP, this study established a relationship between
adolescents’ sensation seeking level and HP ability, and explored the role of sensation seeking
in both perception stage and behaviour response stage.

The interaction of grade, gender and sensation seeking in the stage of
perception in adolescents

During traffic road HP, latency of first fixation is the time it takes for a subject to see a specific
area of interest from the start of the presentation of a video, and is one of the temporally
important reference data in eye-tracking metrics [20], which marks the speed at which individ-
uals identify hazards on the road. The results showed that there was no significant difference
in latency of first fixation among adolescent girls with different sensation seeking levels, but
low sensation seeking boys had a longer latency of first fixation than high sensation seeking
boys. This may be because sensation seeking is associated with novel stimuli [21], and once a
hazard is present on a traffic road, high sensation seeking boys are the first to catch the novel
change and are able to perceive the change on the road more quickly and recognise the hazard.
Previous researchers have suggested that adolescent boys have higher levels of sensation seek-
ing than girls and that girls slowly develop a preference for choosing safety [22], so there is no
significant difference in how quickly girls with different levels of sensation seeking recognise
danger, while high sensation seeking boys are more aware of danger than low sensation seek-
ing boys.

The duration of first fixation is the duration of the first fixation point that appears in an
individual’s AOI, and in traffic road HP, the duration of first fixation is characterized by the
degree of attention paid to a fixed area [23]. The results showed that in 7" grade, there was no
significant difference in the duration of first fixation between sensation seeking groups for
either boys and girls; in 8" grade, high sensation seeking boys began to perceive hazards longer
than low sensation seeking boys, and there was no significant difference in the duration of per-
ception stage between sensation seeking girls; in 9" grade, high sensation seeking boys had a
longer duration of first fixation than low sensation seeking boys, but high sensation seeking
girls had a shorter duration of the first fixation than low sensation seeking girls. The fact that
sensation seeking becomes a major factor in the duration of first fixation from 8™ grade may
be due to the "maximum at 8™ grade" phenomenon in the personality trait of sensation seeking
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[24]. The social-emotional system of adolescents in adolescence is developing and prefers a
state of high emotional arousal [14], so not only do high sensation seeking adolescents recog-
nize danger quickly, but boys are more likely to be attracted to novel stimuli, which is why
high sensation seeking boys in 8™ and 9" grades have a longer early processing time of danger
than low sensation seeking boys. However, the present study also found that the early process-
ing time of danger became longer for girls at the low sensation seeking level in 9™ grade
instead, which may be an evolutionary basis for the difference between boys and girls, with
girls tending to have superior processing of fearful stimuli than boys [25], and girls being more
sensitive to dangerous stimuli, having self-protective mechanisms and a more cautious, so low
sensation seeking girls have a bias and advantage for attentional processing of negative stimuli
[26].

The interaction of gender and sensation seeking in the stage of behaviour
response in adolescents

In signal detection theory, sensitivity refers to the degree to which one can quickly discrimi-
nate where a signal is and identify danger among a lot of noise; the higher the value, the better
the discrimination of danger, and vice versa [27]. The present study found no significant dif-
terence in the higher sensitivity of girls across sensation seeking levels, possibly because dan-
gerous videos are emotional stimulus signals and girls activate more brain areas during
emotional recognition [28]. Girls have an advantage over boys in recognising emotional infor-
mation viewed from videos [29], and have more sustained contemplation of novel stimuli [30],
a gender difference that begins in adolescence [31]. It is also possible that the video material
was a low-risk situation and that girls were more sensitive to low-risk situations [32]. This
study also found that high sensation seeking boys were less sensitive than low sensation seek-
ing boys, which may be because high sensation seeking boys tend to be stimulus seeking and
have developed tolerance to certain intensity stimuli. Through the interaction test, we can see
that the effect of sensation seeking on the response to risky behaviours is different for different
genders of junior high school students, and the effect of sensation seeking on the response to
risky behaviours is greater for boys. The gender difference between males and females may be
due to the needs of psychological mechanisms that evolved during the hunting period of
ancient humans, when males are responsible for hunting outside and face more dangers. Only
successful hunting can obtain the capital for human reproduction. As a result, sensation seek-
ing has evolved to be more adaptive for males, thus high sensation seeking males may have
developed psychological mechanisms that underestimate danger to a certain extent and are
less able to aware of it. Here it is important to note the distinction between sensitivity in the
response stage of risky behaviours and danger recognition in the process of danger perception
as different indicators of different stages.

Judgement criteria are rules that differentiate between the two, representing the decision
criteria or response bias towards signals and noises. The smaller the value, the looser judge-
ment criteria and vice versa [7]. This study found that although high sensation seeking adoles-
cents were able to detect unusual movements on the traffic road more quickly, they might not
define them as dangerous or may perceive them as less dangerous because of their higher crite-
ria for defining danger, so they would act to cross road. The reason why the low sensation
seeking adolescents has looser judgement criteria may be that they are more cautious when
crossing road, they prefer to be more conservative and are more likely to judge traffic situa-
tions as dangerous, thus higher possibilities for them to choose not to cross the road.

In summary, this study found a clear processing advantage in danger perception for high
sensation seeking junior high school boys, but this danger recognition advantage disappeared
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during the behavioural response stage due to their weaker sensitivity d” and stricter judgement
criteria 5. Some researchers have used a dual-system model to explain adolescent risk-taking
behaviours [22], suggesting that two systems in the adolescent brain: the socio-emotional sys-
tem and the cognitive control system have matured during junior high school to enhance their
pursuit of stimuli, novelty and risky behaviours, and that the slower-maturing cognitive con-
trol system has not yet developed to adequate to suppress these risky impulses at the appropri-
ate level [33]. This study argues that risky behaviour in road crossing is a product of high
sensation seeking and low impulse control, and that high sensation seeking junior high school
boys have a clear advantage in the danger perception stage, but that the attraction of high emo-
tional arousal causes them to become desensitised to danger and raises the criteria of danger
judgement, seeing possible danger but not paying enough attention to it, thus reversing the
perceived advantage into risky behaviour and producing the "looked but failed to see" effect.
The personality trait of sensation seeking can become the internal cause of explicit dangerous
behaviour, which reveals the regulatory role of personality factors behind adolescents’ hazard
behaviour. This study provides new evidence for the relationship between sensation seeking
and HP.

Countermeasures for improving HP in adolescents

This study also provides a direction for adolescents’ traffic and road safety training. The results
of this study suggest that boys begin to show ’looked but failed to see’ to danger after 8" grade
and should therefore be the focus of danger perception interventions in this stage. For exam-
ple, the State Perception Assessment System [34] was used to train junior high school students
in hazard perception, asking "What is danger?" while watching a video on danger, "Where is
the danger?" "What will happen next?" This reinforces their perception of danger. At the same
time, awareness of rules and laws should be cultivated, for example, by using real traffic acci-
dents in the region as case studies to discuss the background, causes and responsibilities of
traffic accidents, and to learn how to avoid risks. Thirdly, it is also important to combine safety
education with practical exercises. For example, in Japan schools, guardians are asked to
accompany students on "school walks" several times, discuss possible risk points and dangers
on the road and encourage students to suggest ways to avoid them. Finally, it is important to
inspire a sense of social responsibility in adolescents, to reduce the impulsiveness of high sen-
sation seeking boys and to improve their self-control capabilities.

Limitations and deficiencies

Firstly, the subjects of this study are all from junior high schools in Dalian, and the scope is rel-
atively limited. There are no subjects from other regions, nor from villages or urban-rural
fringe. The sample is relatively single. Particularly, the effect range of some key results were
sort of small, which may be due to the large differences among individuals in the group and
the relatively large variance among indiviuals. In future research, other scales and measure-
ment methods are needed to explore the impact of other personality factors on HP, control
irrelevant variables as much as possible and improve the experiment.

Secondly, the video materials used in this study can be improved in definition and shooting
angle. The subjects have Hawthorne effect. Adolescents will pretend to make good perfor-
mance in order to get praise and recognition from teachers. If virtual technology or experi-
ments can be carried out in real scenes, the psychological stimuli received by the subjects will
be more real, the reaction will also be more realistic, making the experimental data more
convincing.
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Conclusion

This study demonstrates that high sensation seeking junior school boys’ perception of road
hazards is "looked but failed to see", specifically that high sensation seeking boys perceive haz-
ards faster than girls and low sensation seeking boys during the perception stage, that they
pick up novel stimuli more quickly, and that from the 8™ grade onwards, in the early stages of
perception processing, they showed a greater attentional processing advantage for hazard.
However, this advantage becomes a disadvantage in the behaviour response stage, where they

are less sensitive than in behaviour response stage, have stricter judgement criteria, do not
treat potential hazards as hazards or perceive them as less dangerous, and are more likely to

make dangerous decisions when crossing road.
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