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Purpose: Researches addressing driving behaviors have not fully revealed how emotions
affect risky driving behaviors and tend to focus on the effects of some negative emotions
rather than those of more specific emotions. This study aimed to test the potential moderating
effects of eight common driving emotions on the relationship between self-reported indivi-
dual traits (sensation seeking and driving style) and actual risky driving behaviors, sequen-
tially providing some implications for the risky driving behavior prevention.

Participants and Methods: A total of 78 licensed drivers were recruited from under-
graduate students, company employees and taxi drivers in China. The participants’ data on
self-reported driving style (SDBS) and self-reported sensation seeking (SSSS) were obtained
through questionnaires. The participants’ data on actual risky driving behaviors (ARD) in
eight driving emotional activation states were obtained through a series of emotion induction
experiments and driving experiments. The Structural Equation Modeling (SEM) and mod-
erating effect tests were employed to investigate the relationships of driving emotions,
SDBS, SSSS and ARD.

Results: Results showed that anger and pleasure affected risky driving behaviors positively
by enhancing the relationship between SDBS and ARD, while surprise and fear were
negatively related to risky driving behaviors by weakening this relationship. Anxiety posi-
tively affected risky driving behaviors by synchronously enhancing the relationship between
SDBS and ARD and the relationship between SSSS and ARD, while helplessness and relief
affected risky driving behaviors negatively by weakening the two relationships. Contempt
affected risky driving behaviors positively by enhancing the relation between SSSS and
ARD.

Conclusion: The results illustrated the effects of different emotions on risky driving
behaviors, and also partly explained the reasons for these effects. This research provided
a source of reference for reducing traffic accidents caused by risky driving behaviors.
Keywords: driving emotion, sensation seeking, driving style, risky driving behavior,
moderating effect, SEM

Introduction

Among the many factors that are capable of explaining root causes of traffic
accidents, risky driving behaviors is the leading cause of preventable road-traffic
incidents.! Risky driving behaviors refer to those driving behaviors that signifi-
cantly increase the incidence of accidents and crashes.” Driving violations and
mistakes are the two most common risky driving behaviors.” Driving violations

are associated with the misapplication of normally good rules, the application of
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bad rules, a failure to apply a good rule, or erroneous
performance in a no-rules situation.* Driving violations
can operationalized into ordinary violations and aggressive
violation. Ordinary violations basically indicate driving
behaviors that violate rules or order, such as crossing red
lights, exceeding the speed limit and change lanes
frequently.” Aggressive violations mainly indicate aggres-
sive driving behaviors against other road users, such as
dangerous overtaking, prevent other vehicles from over-
taking, honking to display anger or aggressive stance.®’
Driving mistakes means the driver’s improper driving
behaviors due to misjudgment, improper operation or
other reasons. For example, the driver’s inattention caused
him or her to have a rear-end collision with the vehicle in
front.® Risky driving behavior may be the driver’s subjec-
tive psychological will or the driver’s unintentional fault.
Over the past decades, a growing interest has been seen in
exploring the influencing factors of risky driving
behaviors.>*'? Many researchers attempt to find appro-
priate and effective interventions to reduce risky driving
behaviors and improve traffic safety.'* According to the
previous researches, human factors that affect risky driv-
ing behaviors mainly include individual differences, tem-
porary loss of ability, cognitive and psychological factors.
Individual differences refer to drivers’ differences in driv-
ing behavior due to factors, such as age, gender, driving
experience and skills, personality traits and so on. For
example, some studies have shown that male drivers are
more prone to deliberate violations, aggressive driving and
other high-risk behaviors, while female drivers are more
likely to make some operational mistakes in driving.'*
Temporary ability loss refers to the impairment of driver’s
cognitive and behavioral functions caused by factors, such
as drunk driving and fatigue driving. For instance, research
showed that alcohol-intoxicated drivers are more risky
drivers."”> Cognitive and psychological factors are related
to factors, such as the driving emotion, perception, and
cognition during driving. Many scholars have begun to
pay attention to the risky driving behaviors caused by
these dynamic and uncertain factors in actual driving
activities.'’

Sensation seeking and driving style are the personality
traits that often mentioned in risk driving behavior
research. Driving emotion is a typical cognitive and psy-
chological factor of risky driving behaviors. Compared
with individual difference and temporary ability loss, cog-
nitive and psychological factors are characterized by
uncertain occurrence time, short duration, difficulty to

observe and predict.'® Although some studies have proved
that there is a certain connection between driving emotions
and risky driving behaviors, few studies have conducted
in-depth exploration on the common influence of emotion
and personality traits on risky driving behaviors. In addi-
tion, there are few studies using lateral data to compare the
differences in the impacts of various specific driving emo-
tions on risky driving behavior. The purpose of present
study is to investigate the effects of different driving
emotions and self-reported individual traits (driving style
and sensation seeking) on the actual risky driving beha-
viors, in particular, what role do these factors play in the

influencing framework of risky driving behaviors.

Literature Review and Theoretical

Framework

Self-Reported Driving Style and Risky Driving
Behavior

Driving style refers to established driving habits that
include the choice of speed, the threshold for overtaking,
and a tendency to commit traffic violations.'” Driving style
is a stable personality trait formed by drivers in their
driving practices and is a comprehensive expression of
driver’s values, needs, and attitudes regarding driving.
Accordingly, drivers are typically characterized as, for
instance, careful, reckless, hostile, or anxious drivers.
Drivers of different driving styles have obvious differences
in their daily driving behaviors. Therefore, in some studies
on risky driving behavior prediction, driving style is often
used as an important reference basis.'® Up to now, there is
no universally recognized method that can accurately
describe a driver’s driving style, and the self-report scale
is still the main tool for determining driving style. Among
the various driving style scales, such as Driver Behavior
Questionnaire,'® Driving Style Questionnaire,”® and Multi-
Dimensional Driving Style Inventory,'® the Driver
Behavior Questionnaire (DBQ) is the most widely used
instrument for measuring driving style. The DBQ included
four subscales, namely ordinary violations (OV), errors
(Er), aggressive violations (AV) and lapses (La). Among
them, errors denote planning failures, whereas lapses
denote execution failures. For instance, a driver would
make an error in deciding to brake in a situation where
the appropriate action would have been to accelerate. In
contrast, it would have been a lapse to accelerate if the
actual intention was to brake. It is generally known that
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the higher a driver’s self-reported DBQ score is, the more
risky behaviors he or she will engage in while driving.

Self-Reported Sensation Seeking and Risky Driving
Behavior

Sensation seeking is a trait that defined as

The seeking of varied, novel, complex and intense sensa-
tions and experiences, and the willingness to take physical,
social, legal and financial risks for the sake of such

experiences.”!

Similar to driving style, self-reported scale is also the
primary research tool for sensation seeking. The most
widely used instrument for measuring sensation seeking
is the Sensation Seeking Scale (SSS). The SSS includes
four subscales, namely thrill and adventure seeking (TAS),
experience seeking (ES), disinhibition (DIS) and boredom
susceptibility (BS). TAS refers to the individual’s subjec-
tive desire to participate in exciting and adventurous activ-
ities. ES represents a person’s appetence to experience
novel and unusual sensations or lifestyles. DIS means
participation rather than restriction of unruly behavior.
BS represents a person’s disgusting attitude towards rou-
tine, repetitive and predictable things. A higher SSS score
indicates a higher sensation seeking tendency. The rela-
tionship between sensation seeking and risky driving beha-
vior has been well recognized. Self-reported sensation
seeking is generally considered to have a positive effect
on risky driving behavior.*?

Driving Emotion and Risky Driving Behavior

The driving emotion was concerned and taken as an
important research object since the phenomenon that the
drivers in the malignant emotional states prefer to choose
aggressive driving behavior which would more likely to
lead to traffic accidents.”> Further studies showed that
driving emotions are inextricably linked to many risk-
related factors and show significant differences among
different populations.* ¢ Hence, emotional factors cannot
be ignored when we are trying to reveal the nature of risky
driving behaviors.”” When it comes to driving emotions,
the most work in this area was oriented towards road rage
or aggressive driving in which emotion and behavior were
intertwined.”®** Many studies revealed a positive correla-
tion between driving anger and certain risky driving beha-
viors such as speeding, aggressive driving and running red
lights.*>*! In addition, some researchers pointed out that
anxiety and fear

can also predict risky driving

behaviors.**** Some researchers also argued that driving

emotions can indirectly affect risky driving behaviors
through driver’s emotional intelligence, risk perception,
risk attitude and so on.>**> In summary, extensive litera-
tures suggest a strong relationship between risky driving
behaviors and some kinds of driving emotion. However,
there is no clear and generally accepted conclusion about
this relationship up to the present. On the one hand, no
emotional classification framework has yet been able to
accurately describe all human emotions and the emotional
driving behavior researches often only focus on several
common emotions or simply divide emotions into positive
emotion, negative emotion and neutral emotion. On the
other, emotions affect human in many ways, including
psychological state (cognition, attitude, etc.) and physio-
logical state (endocrine, action-ability, etc.), which makes
it difficult to distinguish whether emotions directly affect
behavior or indirectly affect behavior through other fac-
tors. Considering more accurate risky driving behavior
researches involving emotional aspects and practical appli-
cations, more systematic reviews and researches are still
needed.

Current Study and Hypotheses

As mentioned above, the relationship between driving
style and risky driving behavior and the relationship
between sensation seeking and risky driving behavior
have been well established and recognized, while the
impacts of many specific emotions on risky driving beha-
vior remain largely unknown. Considering that emotions
are accidental and short-lived mental states which can
change the driver’s driving behavioral habits from many
aspect, we hypothesized that emotions may influence risky
driving behaviors by moderating the relationships between
personality traits (sensation seeking and driving style) and
actual risky driving behaviors. Therefore, we proposed
hypotheses 1-5 and a theoretical framework (Figure 1).

Hypothesis 1 (H;): SDBS is positively related to ARD.
Hypothesis 2 (H,): SSSS is positively related to ARD.

Hypothesis 3 (H;): SDBS is a potential mediating variable
between SSSS and ARD.

Hypothesis 4 (H4): The relationship between SDBS and
ARD is moderated by emotion.

Hypothesis 5 (Hs): The relationship between SSSS and
ARD is moderated by emotion.

Psychology Research and Behavior Management 2021:14
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behavior

Figure | Theoretical framework. The study theoretical framework. It is a graphical representation of the proposed hypothesis H, to Hs. Self-reported sensation seeking is
the independent variable, self-reported driving style is the mediating variable, driving emotion is the moderating variable, and actual risky driving behavior is the dependent

variable.

In our previous studies,*®>’

we have determined the eight
most common emotions in driving activities, ie, anger, sur-
prise, fear, anxiety, helplessness, contempt, relief and plea-
sure. In this study, we mainly studied the effects of these eight
emotions and self-reported individual traits on the actual risky
driving behaviors. To verify the hypotheses, firstly, the parti-
cipants’ driving style and sensory seeking characteristics were
obtained through the DBQ and SSS. Secondly, the emotion
induction and driving experiments were carried out to obtain
the participants’ actual driving behaviors in his or her different
emotional states, respectively. Thirdly, for each kind of emo-
tion, the measurement model and structural model to represent
the relationships of driving emotion, SDBS, SSSS and ARD
were established based on Structural Equation Modeling
(SME). Finally, we got the well-fitted SMEs and tested the
theoretical framework and hypothesis.

Methods

Participants

Seventy-eight adult drivers (46 males and 32 females),
with an age range from 20 to 46 years old (M=28.79,
SD=6.77), participated in the experiments. All of the par-
ticipants were licensed drivers and their driving experience
was ranged from 1 to 15 years (M=4.51, SD=2.89).

Data Collection

Experiment Procedure

The data collection experiments consisted of three parts:
(1) surveys of driving style and sensation seeking based on
DBQ and SSS; (2) driving emotion induction; and (3)

driving experiments. Figure 2 shows the experiment pro-
cedure. Due to the driving style and sensation seeking
were seen as the stable personality traits of the partici-
pants, the experiment (1) was independent with experi-
ments (2) and (3) in time to prevent the participants from
being affected by the emotion induction when filling out
the questionnaires.

Surveys of Individual Traits

Researchers have developed many versions of DBQ
according to different application environments. The
DBQ used in this study was adapted by Yang et al and
more suitable for Chinese.*® In this version of DBQ, the
subscales of ordinary violations, errors, aggressive viola-
tions and lapses contained 9 items, 8 items, 3 items and 8
items, respectively. Each item described a series of aber-
rant driving behaviors. The participants were asked to
report how often they took this behavior in driving activ-
ities on a 5-point Likert scale from 1 (“never”) to 5
(“always”). Based on the questionnaire data, we conducted
an internal consistency test for this DBQ. The scores of
DBQ showed acceptable internal consistency (Cronbach’s
alpha=0.75, 0.76, 0.71, and 0.72f or OV, AV, Er, and La,
respectively; Cronbach’s alpha = 0.80 for overall DBQ).
There are six versions of SSS (version I to VI). The
version V used in this study was the most widely used.*
This SSS included four subscales and each subscale con-
tained 10 items. In each item, the participants were asked
to choose an option that is a closer match for them from
the two options coded as 0 and 1. We also conducted an
internal consistency test for this SSS, and the results
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Figure 2 Experiment procedure. The procedure of data collection experiments. The participants’ data on self-reported driving style and self-reported sensation seeking
were obtained through questionnaires. The participants’ data on actual risky driving behaviors in eight driving emotional activation states were obtained through a series of

emotion induction experiments and driving experiments.

showed the internal consistency were acceptable
(Cronbach’s alpha = 0.67, 0.68, 0.67, and 0.71 for TAS,
ES, DIS, and BS respectively; Cronbach’s alpha = 0.74 for
overall SSS).

Driving Emotion Induction

Emotional induction is often the most challenging and
critical part of emotion-related researches.*® For the eight
typical driving emotions mentioned above, we proposed an
experimental framework for driving emotion induction in
our previous researches.’®*’ The emotion inductions in
this experimental framework contained preliminary induc-
tion, in-depth induction, driving context assumption and
emotional experience reminder. The induction methods
used in the preliminary induction included emotional pic-
tures induction (for anger, surprise, fear and anxiety),
personalized recall (for helplessness, contempt and relief)
and prizes induction (for pleasure). The emotion induction
method applied in in-depth inductions was film clip or
specific video induction which was considered as an
ideal emotion induction.*'*? The preliminary inductions
were immediately followed by in-depth inductions. After
completing the above two tasks, the participants were
asked to start the driving experiment immediately. Each
driving experiment was assigned a hypothetical driving
situation to maintain the induction effect of driving emo-
tion. For example, in the induction of anxiety, participants
were asked to imagine the driving experiment task as
being late to work. During driving, the participants’
induced emotions were recalled through voice guidance,

psychological suggestion or affective music (only for
relief). The purpose of the framework was to activate
one kind of participant’s emotion during a period of driv-
ing activity, so as to obtain the driving behavior data of the
participant in this emotional state. The specific steps and
materials of the experiments were detailed in reference 37.

Driving Experiment

In the driving experiment, the experimental vehicle was
equipped with speedometer and pedal force meter (Figure
3). The speedometer was used to record the driving speed
(v) and acceleration (ac). The force meter was used to
record the force that the participants stepped on the
accelerator pedal (F) during driving. We conducted the
driving experiments on a road section of Binlai express-
way locating in Zibo city (Figure 4). The length of the
experimental route was about 23 kilometers (between
point TS; and TS, in Figure 4). The expressway had
a speed limit of 120 km/h. Points TS; and TS, were
two toll stations on the expressway. From the toll station,
vehicles can enter or drive out of the expressway. Before
each driving experiment, we parked the experimental
vehicle in the outermost lane dozens of meters away
from the toll station, and let a participant sit in the
driving seat and watch the emotion induction materials
through the laptop. After completing the preliminary
induction and in-depth induction for an emotion, the
participant drove the vehicle into the experimental route
immediately. At this time, the speedometer and pedal
force meter began to record the corresponding data.

Psychology Research and Behavior Management 2021:14
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WTC-1 pedal force meter

Experimental vehicle

SG299 GPS noncontact
multifunction speedometer

Figure 3 Experimental vehicle, speedometer and pedal force meter. The equipment used in the driving experiment. The experimental equipment included experimental
vehicle, SG299 GPS noncontact multifunction speedometer and WTC-|pedal force meter. The speedometer was composed of GPS external antenna and host. In the
experiment, the GPS antenna was placed on the ceiling outside the vehicle, and the host was placed inside the vehicle. The force pedal consisted of a force measuring
instrument and a data storage device. In the experiment, the force measuring instrument needed to be fixed on the accelerator pedal.

Due to the installation of the Electronic Toll Collection
(ETC), the experimental vehicle did not need to stop
when passing through the toll station. After the vehicle
entered the expressway via the ramp, an accompanying
experimental organizer began to record the participant’s
behaviors of changing lane, overtaking, being overtaken,
changing lane without turning light and the correspond-
ing time. The time to complete a driving experiment was
between 12 and 18 minutes. In the subsequent data pro-
cessing, the experimental data of the first and last min-
utes of the driving experiment would be deleted. We
chose to conduct the driving experiments during off-
peak hours with good weather conditions. In order to
minimize the impact of the difference in traffic flow in
different directions on the expressway, the driving direc-
tion in each emotional state was the same. For example,
all driving experiments in anger started at point TS; and
ended at point TS,. And all experiments in fear started at
point TS, and ended at point TS;.

Emotion Measurement During Driving Experiment

In addition to the emotion inductions methods, the emo-
tion experimental framework also provided a method to
measure the emotional state of the driver during driving

using the PAD emotion scale.***** According to the PAD
model, emotions are composed of three dimensions:
Pleasure-displeasure (P), Arousal-nonarousal (A) and
Dominance-submissiveness (D). The value range of
each dimension is (=1, 1), and the three-dimensional
vector composed of the dimension values can be used to
express specific emotions. In order to be easy to use in the
experiment and to facilitate the subsequent calculation,
each dimension was noted from 0 to 100 based on the
strength of each dimension in this study. Before carrying
out the experiment, participants were asked to keep in
mind the meaning of PAD. In the driving experiment,
participants were required to report PAD value (between
0 and 100) that matches their mental state every minute.
An accompanying experimental organizer was responsi-
ble for recording the PAD data reported by the partici-
pants and implementing emotional experience reminder
in the driving. The specific application methods of PAD
emotional scale in driving experiment were detailed in
reference 35.

Data Preprocessing
The reported PAD data cannot directly indicate the activa-
tion degree of a particular emotion. For an emotion, the
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Figure 4 Driving experimental route. The route of driving experiment. The experimental route was a road section of Binlai expressway locating in Zibo city. The length of
the experimental route was about 23 kilometers. The expressway had a speed limit of 120 km/h. Points TS, and TS, were two toll stations on the expressway.

difference between the reported PAD and the PAD coordi-
nate of this emotion calibrated by the predecessor was
used as the measurable standard of emotion activation.*’
Taking the anxiety as an example, the PAD coordinate of
anxiety was (38, 54, 42) (Figure 5). The Equations (1-3)
were used to convert the reported PAD into the final PAD,

respectively.

» ()7 ‘Po _Panxiety’ > 50 1
- I_W’ ’P()_Panxiety’<50 ( )

) 0, ’A() _Aanxiety’ =50 2
- 1— W7 ’A() - Aanxiety’<50 )
. 0,  [Do = Dansiery| > 50 G
= | — ‘DO*?(;W“”A ’DO _ Danxiety|<50 )

where thePy, Apand D, were the reported PAD by
a participant in driving. The value range of the final P,
A and D was (0, 1). The higher the value was, the higher

the emotion activation was.

We divide each driving experiment (deleting the first
and last minutes) into 5 time periods equally. One partici-
pant’s driving behavior and emotional state data in each
time period together with the participant’s SDBS and
SSSS constituted a basic data unit. Where v, ac, F, PAD
value of each data unit were the average value of each time
period, while the number of lane changing (CL), over-
taking (Ot), being overtaken (Bot), changing lane without
turning light (NTL) were the respective sum of each time
period. For each time the participants completed the driv-
ing, we obtained five data units. Each participant received
eight emotion inductions and completed eight driving
experiments. We ended up with 3120 data units, of
which 390 data units were for each emotional state. The
obtained data are shown in Tables 1 and 2.

Structural Equation Modeling
SEM Process

SEM has become increasingly popular in engineering
research.***” SEM models consist of the structural model
and measurement model.*® The structural model quantifies
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Figure 5 Coordinate of anxiety in PAD scale. The coordinate of anxiety in PAD scale. The PAD scale was composed of three dimensions: Pleasure-displeasure (P), Arousal-
nonarousal (A) and Dominance-submissiveness (D). Each dimension was noted from 0 to 100 based on the strength of each dimension in this study. In the adapted PAD

scale, the coordinate of anxiety was P=38, A=54, D=42.

the strengths of relationships between Latent Variables
(LVs). The theoretical formula of structural model is
shown in Equation (4). The measurement model links the
data of MVs to their Measurable Variables (MVs). The
theoretical formula of the measurement model is shown in
Equation (5).

Yn:BlYn+Bng+8 (4)

Y=WX+e (5)

Where 7, is the endogenous LVs matrix, Y,is the exogen-
ous LVs matrix, Bjand B,are the matrixes of regression
coefficients that explain the relationships among LVs, YY
denotes the matrix for both endogenous and exogenous
LVs, X indicates the matrix for MVs, Wis the matrix of

Table | Descriptive Statistics for the Data of Self-Reported
Individual Traits

Variables Mean SD Variables Mean SD

TAS 5.06 1.62 ov 26.61 4.46
ES 4.46 1.73 Er 23.75 4.32
DIS 491 1.71 AV 8.63 2.73
BS 4.86 1.51 La 23.99 4.23

Abbreviations: TAS, thrill and adventure seeking; ES, experience seeking; DIS,
disinhibition; BS, boredom susceptibility; OV, ordinary violations; Er, errors; AV,
aggressive violations; La, lapses.

weights that relate the MVs to their corresponding LVs,
and € and e are error matrixes.

Construction of SEMs

In present study, the SSSS, SDBS, emotion and ARD were
seen as LVs. The measurable variables of SSSS were TAS,
ES, DIS and BS. To test whether the relation between
MVs and the corresponding LVs conforms to the designed
theoretical relation, the Confirmatory Factor Analysis
(CFA) was conducted in the AMOS software. The form
of the CFA model was shown in Figure 6. After constant
modification, we got the CFA models with good fitness.*’
The modified CFA models adapting to different emotions
were shown in Figures S1-S8 and the model running
in Tables S1-S8 in the

results were presented

Supplementary Material.

According to the proposed hypotheses and theoretical
framework, the structural models represented the relation-
ships of SSSS, SDBS, emotion and ARD were pretty
much settled. The form of structural model in this study
is shown in Figure 7. The Dint and Sint were latent
variables and the method of the matching product was
applied to generate their MVs.>® The moderating effect
of emotion on the relationship between SDBS and ARD
was considered to valid only when the path coefficient of
H,4 was significant, and the moderating effect of emotion
between SSSS and ARD was considered to valid only
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Table 2 Descriptive Statistics for Driving Behavior Data Under Different Emotional States
Emotion P A D v ac F CL Ot Bot NTL
Anger
Mean 0.28 0.27 0.31 88.45 0.36 83.28 1.70 276 0.49 1.34
SD 0.28 0.28 0.28 9.19 0.20 25.26 1.74 2.23 0.8l 1.60
Surprise
Mean 0.22 0.21 0.20 85.68 0.42 76.76 1.60 1.30 111 0.86
SD 0.25 0.25 0.22 8.8l 0.24 23.86 0.99 0.76 0.85 0.85
Fear
Mean 0.31 0.32 0.30 87.19 0.36 71.75 1.04 1.12 1.12 1.34
SD 0.26 0.27 0.26 9.13 0.20 22.32 1.08 0.84 0.84 1.51
Anxiety
Mean 0.28 0.27 0.31 87.80 0.43 76.90 1.36 1.79 1.06 1.06
SD 0.28 0.28 0.28 9.21 0.09 23.93 0.98 1.01 0.88 0.8l1
Helplessness
Mean 0.24 0.23 0.26 86.52 0.37 74.47 1.35 1.28 1.14 1.02
SD 0.26 0.27 0.28 8.93 0.21 23.40 0.93 0.98 0.86 .16
Contempt
Mean 0.20 0.25 0.19 89.63 0.40 76.77 1.33 1.42 1.06 1.34
SD 0.25 0.27 0.24 9.35 0.09 23.94 0.75 0.65 0.88 0.92
Relief
Mean 0.34 0.33 0.33 89.38 0.37 76.13 1.33 1.04 1.14 0.57
SD 0.24 0.25 0.25 10.05 0.21 22.68 1.15 I.15 0.86 0.8l
Pleasure
Mean 0.28 0.35 0.26 89.14 0.39 76.80 1.21 1.52 1.15 1.49
SD 0.27 0.27 0.26 9.28 0.22 23.82 1.10 1.05 0.83 0.90

Abbreviations: P, pleasure-displeasure; A, arousal-nonarousal; D, dominance-submissiveness; v, driving speed; ac, acceleration; F, accelerator pedal force; CL, the number of
lane changing; Ot, the number of overtaking; Bot, the number of being overtaken; NTL, the number of changing lane without turning light.

when the path coefficient of Hs was significant. It should
be noted that the data used to construct SEMs have been
standardized in this study.’® Finally, we constructed SEMs
that are applicable to the eight typical driving emotions.

Fit Degree Test of SEMs

A credible SEM constructed on the basis of relevant the-
ories and data must satisfy some statistical assumptions.
These assumptions mainly refer to reasonable sample size,
continuous endogenous variables that obey the joint nor-
mal distribution, identifiable model, and complete data. It
can be judged whether the model meets the above-
mentioned statistical assumptions by evaluating the fit
degree between the model and data. In the present study,
the significance probability of Chi-square (SC), goodness
of fit index (GFI), root mean square error approximation
(RMSEA), adjusted goodness of fit index (AGFI), normal
fit index (NFI), normal fit index adjusted with freedom

(IFI), dispersed degree of central Chi-square distribution
(CFI) were selected as the evaluation indexes of model fit
degree.”” In the AMOS software, the values of the above
indexes can be obtained by running the model. When the
values of these indexes simultaneously satisfy that
SC>0.05, GFI>0.9, RMSEA<0.1, AGFI>0.9, NFI>0.9,
IFI>0.9, and CFI>0.9, the corresponding model was con-
sidered to meet the fitting requirements. After modifica-
tions, the fitted SEMs were obtained. The evaluation index
values in each model are shown in Table 3.

Results

Moderating Effect of Anger

The fitted SEM that adapting to anger and its calculation
results are shown in Figure 8 and Table 4. As can be seen
from the calculation results, the path coefficient from SDBS
to ARD was 0.874*** The significant path coefficient
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Figure 6 Form of CFA model. The form of Confirmatory Factor Analysis (CFA) model. In the CFA model, the emotion represented one of the eight emotions. The one-
way relationships between LVs and their corresponding MVs were established and the LVs were interconnected in pairs.

indicated that SDBS was positively related to ARD, ie, the
H; was supported. The path coefficient from SSSS to SDBS
was 0.568***. The path coefficient from SSSS to SDBS
and the path coefficient from SDBS to ARD were both
significant and it indicated that SDBS was a mediating
variable between SSSS and ARD, ie, Hy; was supported.
The path coefficient from SSSS to ARD was 0.056 (0.245),
indicating that SSSS was not positively related to ARD, ie
H, was not supported. The path coefficient representing the
moderating effect of anger on the relationship between
SDBS and ARD (path coefficient from Dint to ARD in
the SEM) was 0.182***, The significant and positive path
coefficient not only indicated that the H4 was supported but

also showed anger had a positive effect on the relationship
between SDBS and ARD. The path coefficient representing
the moderating effect of anger on the relationship between
SSSS and ARD (path coefficient from Sint to ARD in the
SEM) was —0.017 (0.861). The insignificant path coefficient
indicated that anger had no moderating effect on the rela-
tionship between SSSS and ARD, ie, Hs was not supported
in the SEM adapt to anger.

Moderating Effect of Surprise

The final SEM that adapting to surprise and its calculation
results are shown in Figure 9 and Table 5. The running
results of the model showed that the path coefficient from
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Figure 7 Form of structural model. The form of structural model. The structural models represented the relationships of SSSS, SDBS, emotion and ARD. Due to the
present study involved the moderating effect of latent variables, the interaction variables Dint and Sint that characterized the moderating effects in the structural equation
were needed. The Dint and Sint were latent variables and the method of the matching product was applied to generate their MVs.

SDBS to ARD was 0.827***, The significant and positive
path coefficient indicated that the H; was supported. The
path coefficient from SSSS to SDBS was 0.574***, The
path coefficients from SSSS to SDBS and from SDBS to
ARD were both significant which indicated the H; was
supported in the SEM applicable to surprise. The path
coefficient from SSSS to ARD was 0.193*** which

indicated that that H, was supported. The path coefficient
representing the moderating effect of surprise on the path
from SDBS to ARD was —0.137***_ The significant and
negative path coefficient not only indicated that the Hy was
supported but also showed surprise had a negative effect
on the relationship between SDBS and ARD. The path
coefficient from SSSS to ARD was —0.070 (0.528),

Table 3 The Values of Fitness Evaluation Index in Each Structural Equation Model

SEM SC GFI RMSEA AGFI NFI IFI CFl Interpretation
Anger 0.097 0.950 0.027 0.950 0.949 0.954 0.954 Acceptable
Surprise 0.068 0.908 0.056 0919 0912 0.926 0.926 Acceptable
Fear 0.105 0.961 0.042 0.944 0.939 0.933 0.933 Acceptable
Anxiety 0.100 0.963 0.038 0.946 0.953 0.937 0.937 Acceptable
Helplessness 0.079 0917 0.067 0.915 0.924 0.905 0.905 Acceptable
Contempt 0.065 0.926 0.069 0.926 0.912 0917 0917 Acceptable
Relief 0.092 0.946 0.029 0.952 0.948 0.941 0.941 Acceptable
Pleasure 0.075 0.961 0.043 0.944 0.963 0.928 0.954 Acceptable

Abbreviations: SC, significance of Chi-square; GFIl, goodness of fit index; RMSEA, root mean square error approximation; AGFl, adjusted goodness of fit index; NFI,
normal fit index; IFl, normal fit index adjusted with freedom; CFl, dispersed degree of central Chi-square distribution.
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Figure 8 Fitted SEM applicable to anger. The fitted SEM that adapting to anger constructed in AMOS software. Compared with the original theoretical model, many two-
way paths were added between different variables in the fitted model. The purpose of adding these paths was to better match the experimental data with the model. In the
fitted model, the path coefficients were used to determine whether the proposed hypothesis is supported.

indicating that the Hs was not supported in the SEM results of the model showed that the path coefficient

applicable to surprise.

Moderating Effect of Fear
The fitted SEM that adapting to fear and its calculation 0.568***. The path coefficients from SSSS to SDBS
results are shown in Figure 10 and Table 6. The running and from SDBS to ARD were both significant,

from SDBS to ARD was 0.920***, The significant and
positive path coefficient indicated that the H; was sup-
ported. The path coefficient from SSSS to SDBS was

Table 4 Significance Test of Path Coefficients Between LVs in the SEM Applicable to Anger

Path NPC SE t Sig SPC Label Interpretation
SSSS <— Anger —0.052 0.216 —0.241 0.809 —0.012 Hg Not support
SDBS <— SSSS 1.431 0.141 10.179 K 0.568 Hs Support

SDBS <— Anger —-1.942 0.531 —3.659 ok —0.173 H; Support

ARD <— Anger 0.704 0.289 2438 o 0.204 He Support

ARD <— SDBS 0.269 0.023 11.894 K 0.874 H, Support

ARD <— SSSS 0.044 0.038 1.164 0.245 0.056 H, Not support
ARD <— Sint —0.014 0.082 —0.175 0.861 —-0.017 Hs Not support
ARD <— Dint 0.043 0.013 3435 K 0.182 Hy Support

Notes: ***p<0.01, **p<0.05.

Abbreviations: NPC, non-standard path coefficient; SE, standard error; Sig, significance; SPC, standard path coefficient.
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Figure 9 Fitted SEM applicable to surprise. The fitted SEM that adapting to surprise. Compared with the original theoretical model, many two-way paths were added
between different variables. In the fitted model, the path coefficients were used to determine whether the proposed hypothesis is supported.

indicating H; was supported in the SEM applicable to
fear. The path coefficient from SSSS to ARD was 0.001
(0.977) which indicated that H, was not supported. The
path coefficient representing the moderating effect of
fear on the relationship between SDBS and ARD was
—0.254***_The significant and negative path coefficient

indicated that the Hy was supported, and also showed
fear had a negative effect on the relationship between
SDBS and ARD. The path coefficient representing the
moderating effect of fear on the relationship between
SSSS and ARD was —0.021 (0.792), indicating that the
Hs was not supported.

Table 5 Significance Test of Path Coefficients Between LVs in the SEM Applicable to Surprise

Path NPC SE t Sig SPC Label Interpretation
SSSS <— Surprise —0.404 0.242 —1.671 0.095 —0.082 Hg Not support
SDBS <— SSSS 1.423 0.141 10.112 ok 0.574 Hs Support
SDBS <— Surprise 0.992 0.532 1.865 * 0.081 H5 Support
ARD <— Surprise 0.273 0.481 0.567 0.571 0.061 He Not support
ARD <— SDBS 0.299 0.024 12.368 ok 0.827 H, Support
ARD <— SSSS 0.173 0.043 3.989 Aolek 0.193 H, Support
ARD <— Sint 0.056 0.089 0.631 0.528 0.070 Hs Not support
ARD <— Dint —0.064 0.014 —4.476 ok —-0.137 Hy Support

Notes: ***p<0.01, *p< 0.1.

Abbreviations: NPC, non-standard path coefficient; SE, standard error; Sig, significance; SPC, standard path coefficient.
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Figure 10 Fitted SEM applicable to fear. The fitted SEM that adapting to fear. Compared with the original theoretical model, many two-way paths were added between
different variables. In the fitted model, the path coefficients were used to verify the proposed hypothesis.

Moderating Effect of Anxiety
Figure 11 and Table 7 display the fitted SEM that adapting
to anxiety and its calculation results.

As can be seen from Figure 11 and Table 7, the path
coefficient from SDBS to ARD was 0.902***indicating that
the H; was supported. The path coefficient from SSSS to
SDBS was 0.577***. The both significant path coefficients

from SSSS to SDBS and from SDBS to ARD indicated Hj
was supported. The path coefficient from SSSS to ARD was
0.072*indicating that H, was supported. The path coefficient
representing the moderating effect of anxiety on the path
from SDBS and ARD was 0.168***. The significant and
positive coefficient indicated H, was supported, and also
showed anxiety had a positive effect on the relationship

Table 6 Significance Test of Path Coefficients Between LVs in the SEM Applicable to Fear

Path NPC SE t Sig SPC Label Interpretation
SSSS <— Fear —0.065 0.229 —0.285 0.776 —0.014 Hg Not support
SDBS <— SSSS 1.378 0.134 10.252 ok 0.568 H; Support

SDBS <— Fear 0.731 0.488 1.498 0.134 0.064 H; Not support
ARD <— Fear —0.167 0.278 —0.600 0.548 —0.047 He Not support
ARD <— SDBS 0.288 0.026 I1.154 ok 0.920 H, Support

ARD <— SSSS 0.001 0.031 0.029 0.977 0.001 H, Not support
ARD <— Sint —0.014 0.052 —0.263 0.792 —0.021 Hs Not support
ARD <— Dint —0.065 0.008 —7.826 ok —0.254 Hs Support

Note: **p<0.01.

Abbreviations: NPC, non-standard path coefficient; SE, standard error; Sig, significance; SPC, standard path coefficient.
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Figure 11 Fitted SEM applicable to anxiety. The fitted SEM that adapting to anxiety. Compared with the original theoretical model, many two-way paths were added
between different variables. In the fitted model, the path coefficients were used to verify the proposed hypothesis.

between SDBS and ARD. The path coefficient representing

the moderating effect of anxiety on the relationship between

SSSS and ARD was 0.248***, The significant and positive
path coefficient indicated that Hs was supported, and also
showed anxiety had a positive effect on the relationship

between SSSS and ARD.

Moderating Effect of Helplessness

Figure 12 and Table 8 display the fitted SEM that adapting
to haplessness and its calculation results. The calculation
results showed the path coefficient from SDBS to ARD

was 0.913***indicating H; was supported. The path

Table 7 Significance Test of Path Coefficients Between LVs in the SEM Applicable to Anxiety

Path NPC SE t Sig SPC Label Interpretation
SSSS <— Anxiety 0.738 0.244 3.021 o 0.148 Hg Support

SDBS <— SSSS 1.400 0.137 10.257 ok 0.577 H; Support

SDBS <— Anxiety —-1.697 0.531 -3.198 o —0.141 Hy Support

ARD <— Anxiety 0.501 0.328 1.528 0.127 0.108 He Not support
ARD <— SDBS 0.346 0.027 12.672 ok 0.902 H, Support

ARD <— SSSS 0.067 0.037 1.810 * 0.072 H, Support

ARD <— Sint 0.196 0.059 3.297 ok 0.248 Hs Support

ARD <— Dint 0.059 0.010 6.006 ok 0.168 Hy Support

Notes: **p<0.01, **p<0.05, *p< 0.1.
Abbreviations: NPC, non-standard path coefficient; SE, standard error; Sig, significance; SPC, standard path coefficient.
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Figure 12 Fitted SEM applicable to helplessness. The fitted SEM that adapting to helplessness. Compared with the original theoretical model, many two-way paths were
added between different variables. In the fitted model, the path coefficients were used to verify the proposed hypothesis.

coefficient from SSSS to SDBS was 0.572***. The path
coefficients from SSSS to SDBS and from SDBS to ARD
were both significant, indicating that H; was supported.
The path coefficient from SSSS to ARD was 0.025
(0.552), indicating H, was not supported. The path coeffi-
cient representing the moderating effect of helplessness on

the path from SDBS to ARD was —0.245***. The signifi-
cant and negative coefficient indicated H, was supported,
and also showed helplessness had a negative effect on the
path from SDBS to ARD. The path coefficient represent-
ing the moderating effect of helplessness on the path from
SSSS to ARD was —0.195***  The significant and

Table 8 Significance Test of Path Coefficients Between LVs in the SEM Applicable to Helplessness

Path NPC SE t Sig SPC Label Interpretation
SSSS <— Helplessness —0.281 0.239 —1.174 0.240 —0.057 Hg Not support
SDBS <— SSSS 1416 0.139 10.178 otk 0.572 Hs Support

SDBS <— Helplessness —1.509 0517 -2918 ok —0.125 H; Support

ARD <— Helplessness —0.051 0.360 —0.142 0.887 —0.013 He Not support
ARD <— SDBS 0.296 0.024 12.384 otk 0913 H, Support

ARD <— SSSS 0.020 0.034 0.594 0.552 0.025 H, Not support
ARD <— Sint —0.146 0.069 —2.106 o —0.195 Hs Support

ARD <— Dint —0.069 0.009 —7.959 ok —0.245 Hy Support

Notes: ***p<0.01, **p<0.05.

Abbreviations: NPC, non-standard path coefficient; SE, standard error; Sig, significance; SPC, standard path coefficient.
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Figure 13 Fitted SEM applicable to contempt. The fitted SEM that adapting to contempt. Compared with the original theoretical model, many two-way paths were added
between different variables. In the fitted model, the path coefficients were used to determine whether the proposed hypothesis is supported.

negative path coefficient indicated that the Hs was sup-
ported, and also showed helplessness had a negative effect
on the path from SSSS to ARD.

Moderating Effect of Contempt
The fitted SEM that adapting to contempt and its calculation
results are shown in Figure 13 and Table 9. It can be

concluded that the path coefficient from SDBS to ARD
was 0.911*** The path coefficient indicated H; was sup-
ported. The path coefficient from SSSS to SDBS was
0.587***_ The both significant path coefficients from SSSS
to SDBS and from SDBS to ARD indicated H; was sup-
ported. The path coefficient from SSSS to ARD was 0.016
(0.727), indicating H, was not supported. The path

Table 9 Significance Test of Path Coefficients Between LVs in the SEM Applicable to Contempt

Path NPC SE t Sig SPC Label Interpretation
SSSS <— Contempt —0.051 0.165 -0.313 0.755 -0.012 Hg Not support
SDBS <— SSSS 1.632 0.169 9.653 ok 0.587 Hs Support
SDBS <— Contempt —0.856 0.399 —2.145 ok —-0.075 H5 Support
ARD <— Contempt 0.215 0.141 1.528 0.127 0.047 He Not support
ARD <— SDBS 0.366 0.032 11.458 ok 0911 H, Support
ARD <— SSSS 0.018 0.052 0.348 0.727 0.016 H, Not support
ARD <— Sint 0.208 0.044 4.709 ok 0.172 Hs Support
ARD <— Dint 0.037 0.028 1.312 0.190 0.043 Hy Not support
Notes: ***p<0.01, **p<0.05.
Abbreviations: NPC, non-standard path coefficient; SE, standard error; Sig, significance; SPC, standard path coefficient.
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Figure 14 Fitted SEM applicable to relief. The fitted SEM that adapting to relief. Compared with the original theoretical model, many two-way paths were added between
different variables. In the fitted model, the path coefficients were used to determine whether the proposed hypothesis is supported.

coefficient representing the moderating effect of contempt
on the path from SDBS to ARD was 0.043 (0.190), indicat-
ing H, was not supported. The path coefficient representing
the moderating effect of contempt on the path from SSSS to
ARD was 0.172***_ The significant and positive path coef-
ficient not only indicated that the Hs was supported but also

showed contempt had a positive effect on the path from
SSSS to ARD.

Moderating Effect of Relief
The fitted SEM that adapting to relief and its calculation
results are shown in Figure 14 and Table 10. The running

Table 10 Significance Test of Path Coefficients Between LVs in the SEM Applicable to Relief

Path NPC SE t Sig SPC Label Interpretation
SSSS <— Relief 0.038 0.307 0.125 0.901 0.006 Hg Not support
SDBS <— SSSS 1.094 0.105 10.406 ok 0.520 H; Support

SDBS <— Relief —3.847 0.633 —6.082 oK —0.282 H; Support

ARD <— Relief —0.017 0.200 —0.085 0.932 —0.009 He Not support
ARD <— SDBS 0.108 0.010 10.356 ok 0.735 H, Support

ARD <— SSSS 0.082 0.026 3.150 o 0.267 H, Support

ARD <— Sint —0.127 0.055 -2.329 o -0.317 Hs Support

ARD <— Dint —-0.077 0.012 —6.449 ok —0.442 Hs Support

Notes: **p<0.01, **p<0.05.

Abbreviations: NPC, non-standard path coefficient; SE, standard error; Sig, significance; SPC, standard path coefficient.
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Figure 15 Fitted SEM applicable to pleasure. The fitted SEM that adapting to pleasure. Compared with the original theoretical model, many two-way paths were added
between different variables. In the fitted model, the path coefficients were used to verify the proposed hypothesis.

result of the model showed that the path coefficient from
SDBS to ARD was 0.735***, The significant and positive
path coefficient indicated H, was supported. The path coeffi-
cient from SSSS to SDBS was 0.520***, The path coeffi-
cients from SSSS to SDBS and from SDBS to ARD were
both significant, indicating H; was supported. The path coef-
ficient from SSSS to ARD was 0.267***indicating that that
H, was supported. The path coefficient representing the
moderating effect of relief on the relationship between
SDBS and ARD was —0.442***_The significant and nega-
tive path coefficient indicated the Hy was supported, and
showed relief had a negative effect on the relationship
between SDBS and ARD. The path coefficient representing
the moderating effect of relief on the relationship between
SSSS and ARD was —0.137***meaning Hs was supported
and relief had a negative effect on the path from SSSS
to ARD.

Moderating Effect of Pleasure

Figure 15 and Table 11 display the fitted SEM that adapt-
ing to pleasure and its calculation results. As can be seen
from Figure 15 and Table 11, the path coefficient from
SDBS to ARD was 0.866***. The path coefficient indi-
cated that H; was supported. The path coefficient from
SSSS to SDBS was 0.572***. The both significant path
coefficients from SSSS to SDBS and from SDBS to ARD
meant Hy was supported. The path coefficient from SSSS
to ARD was 0.025 (0.538), indicating H, was not sup-
ported. The path coefficient representing the moderating
effect of pleasure on the path from SDBS to ARD was
0.231***, The significant and positive path coefficient not
only indicated that the Hy was supported but also meant
pleasure had a positive effect on the path from SDBS to
ARD. The path coefficient from SSSS to ARD was 0.062
(0.418), indicating Hs was not supported.
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Table 11 Significance Test of Path Coefficients Between LVs in the SEM Applicable to Pleasure

Path NPC SE t Sig SPC Label Interpretation
SSSS <— Pleasure 0.005 0.234 0.021 0.983 0.001 Hsg Not support
SDBS <— SSSS 1.399 0.137 10.234 ok 0.572 Hs Support

SDBS <— Pleasure —0.949 0.499 —-1.903 * —0.081 Hy Support

ARD <— Pleasure 0.792 0.308 2.573 ok 0.195 He Support

ARD <— SDBS 0.301 0.026 11.680 ok 0.866 H, Support

ARD <— SSSS 0.021 0.034 0.615 0.538 0.025 H, Not support
ARD <— Sint 0.047 0.058 0.810 0418 0.062 Hs Not support
ARD <— Dint 0.078 0.010 7.521 ok 0.231 Hy Support

Notes: ***p<0.01, **p<0.05, *p< 0.1.

Abbreviations: NPC, non-standard path coefficient; SE, standard error; Sig, significance; SPC, standard path coefficient.

Discussion

In order to illustrate the effects of self-reported driving style
and self-reported sensation seeking on actual risky driving
behaviors more intuitively, the path coefficients from SSSS
to SDBS, from SDBS to ARD, and from SSSS to ARD in
the SMEs applicable to different driving emotions are dis-
played together in Figure 16. As can be seen from Figure 16,
the path coefficients from SSSS to SDBS and from SDBS to
ARD were all significant and positive in the SEMs applic-
able to the eight driving emotions, and the values of these
path coefficients in different models were similar. Yet, the
path coefficients from SSSS to ARD were significant only in
the SEMs applicable to surprise, anxiety and relief. On the

one hand, it can be concluded that the DBQ can predict
a driver’s risky driving preferences accurately and steadily.
One the other hand, this also showed that SSSS had
a significant positive effect on ARD and this positive effect
more indirectly affected ARD by affecting SDBS. For the
correlation between DBQ and ARD, some similar findings

5152 and the results of

have been seen in previous researches
this study can prove the rationality of using DBQ data to
help identify potentially high-risk drivers.>® For the relation-
ship between SSSS and ARD, the results similar to this
study also can be found in previous studies.”*>

Figure 17 shows the moderating effects of different

driving emotions on the paths from SDBS to ARD and
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Figure 16 Path coefficients from SSSS to SDBS, from SDBS to ARD, and from SSSS to ARD in different SMEs. The path coefficients from SSSS to SDBS, from SDBS to ARD,
and from SSSS to ARD in the SMEs applicable to different driving emotions. ***Indicated that the path coefficient was significant at the level of 0.01, **Indicated that the path
coefficient was significant at the level of <0.05, *Indicated that the path coefficient was significant at the level of <0.1.

submit your manuscript

442

Dove

Psychology Research and Behavior Management 2021:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Liu et al

0.6 ; T .
1 | . i : moderating effects
00 L L ; . between SDBS and
' [ ]! ' ARD
i L Uy : . ©:moderating effects
i i . | . between SSSS and
. | ARD
-06 * 1 1
£ ) Q ) 5 & 2
g F & @ & & & 5
4 N & &° S id
) \Q\G & Q
&
‘Q

Figure 17 Moderating effects of different driving emotions on the influencing paths from SDBS to ARD and from SSSS to ARD. The moderating effects of different driving
emotions on the paths from SDBS to ARD and from SSSS to ARD. ***Indicated that the path coefficient was significant at the level of 0.01, *¥Indicated that the path

coefficient was significant at the level of <0.05.

from SSSS to ARD. The positive moderating effect of
anger on the relationship between SDBS and ARD was
significant while the moderating effect of anger on the
relationship between SSSS and ARD was not significant.
The SDBS was positively related to ARD, and anger had
a significant enhancing effect on this relationship. So it can
be inferred that anger would promote risky driving.
Similar findings have been seen in the researches of
other scholars.”>**” In addition, many researchers
pointed out that drivers who are in the state of anger
tend to drive more irrationally and aggressively, which
would increase the possibility of traffic accidents greatly
and pose a great threat to traffic safety.”®>” The results of
present study may shed light on the relationship between
road rage and traffic accidents. The negative moderating
effect of surprise on the relationship between SDBS and
ARD was significant while the moderating effect of sur-
prise on the relationship between SSSS and ARD was not
significant. It can be concluded that surprise weakened the
positive effect of SDBS on ARD, ie surprise was nega-
tively related to ARD. Surprise has been proved to trigger
a course of emotional syndromes, including several related
behavioral and psychological components to promoting
cognitive control over events and enabling the body to
respond to sudden environmental changes adaptively.®*¢’
In the state of surprise, drivers tended to be accompanied
by a brief state of mind-absence on driving activity.** The
less attention to driving-related factors may prompt drivers
to take less risky driving behavior to ensure safety. The
negative moderating effect of fear on the relationship
between SDBS and ARD was significant while the

moderating effect of fear on the relationship between
SSSS and ARD was not significant. Therefore, fear wea-
kened the positive effect of SDBS on ARD, ie, fear was
negatively related to ARD. Fear refers to the intensely
depressing emotional experience that a person feels when
they try to get rid of a certain state but is powerless.
Drivers in a state of fear are often overly cautious and
prefer to choose the driving behaviors with low risk.®?
Some scholars also proposed that fear can improve
a driver’s risk perception ability which may be the reason
why fear had a negative effect on risky driving.®* For the
anxiety, the moderating effect between SDBS and ARD
was positive and significant, and the moderating effect
between SSSS and ARD was positive and significant too.
Synchronously, according to Figure 16, both SDBS and
SSSS had significant positive effects on ARD in the SEM
applicable to anxiety. Therefore, anxiety not only
enhanced the positive effect of SDBS on ARD but also
enhanced the positive effect of SDBS on ARD. Anxiety
was obvious positively related to ARD. Some previous
studies have proposed similar results that drivers with
anxious emotions often cannot maintain a stable driving
state, and driving behavior had a certain degree of
aggression.®>® The moderating effect of helplessness on
the relationship between SDBS and ARD was negative
and significant, and the moderating effect of helplessness
on the relationship between SSSS and ARD was negative
and significant too. Although the path coefficient from
SSSS to ARD was not significant in the SEM adapt to
helplessness, the significant path coefficient from Sint (an
interactive variable that represents the joint action of SSSS
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and helplessness on ARD) to ARD indicated the existence
of a moderating effect. It can come to the conclusion that
helplessness had a significant negative effect on ARD.
Helplessness is similar to fear which has been proposed
in previous research.®” The contempt had no significant
moderating effect between SDBS and ARD. The moderat-
ing effect of contempt between SSSS and ARD was posi-
tive and significant, while the path coefficient from SSSS
to ARD was not significant in the SEM. The significant
positive effect of interaction variable (Sint) on ARD indi-
cated that contempt had a promoting effect on ARD. The
positive effect of contempt on the risky driving behaviors
also can be found in reference.*® The moderating effect of
relief on the relationship between SDBS and ARD was
negative and significant, and the moderating effect
between SSSS and ARD was negative and significant
too. Both SDBS and SSSS had significant negative effects
on ARD in the SEM applicable to relief. Therefore, relief
not only weakened the positive effect of SDBS on ARD,
but also weakened the positive effect of SDBS on ARD.
Relief was obvious negatively related to ARD. This result
was consistent with the points that drivers with positive
better
accidents.®®%® The positive moderating effect of pleasure

emotions  are drivers and produce fewer
on the relationship between SDBS and ARD was signifi-
cant while the moderating effect between SSSS and ARD
was not significant. The SDBS was positively related to
ARD, and pleasure had a significant enhancing effect on
this relationship. So it can be inferred that pleasure would
promote risky driving. This result seemed to be contrary to
the popular belief and did not support the findings of
references 66 and 67. However, this result was similar to
the point that positive affect is related to higher willing-
ness to drive recklessly.””

Overall, the research results validated the proposed
hypothesis and demonstrated the diversity of emotional
influences on risky driving behaviors. Results showed
that anger and pleasure had positive effects on ARD by
enhancing the positive relationship between SDBS and
ARD. Surprise and fear had a negative effect on ARD by
weakening the positive relationship between SDBS and
ARD. Anxiety had a positive effect on ARD by simulta-
neously enhancing the positive relationship between SDBS
and ARD and the positive relationship between SSSS and
ARD. Helplessness and relief had negative effects on risk
driving by simultaneously weakening the positive relation-
ship between SDBS and ARD and the positive relationship
between SSSS and ARD. Contempt had a positive effect

on ARD by enhancing the positive relationship between
SSSS and ARD. In the past cognition, it is generally
believed that negative emotions often have an adverse
effect on driving safety, and positive emotions can often
prompt drivers to produce benevolent driving behaviors.
However, our research results contradict this common
perception to a certain extent. For example, the results
showed that drivers were more inclined to choose low-
risk driving behaviors in fear and helplessness, while
pleasure had a positive correlation with risky driving
behaviors. It should be pointed out that, according to the
principle of structural equation, the results drawn in this
study were based on the hypothesis that are not rejected by
the SEM, rather than the only explanation of the relation-
ship between the relevant variables. In addition, this
research only focuses on the two personality traits of
driving style and sensory seeking. In the following
research, if more individual difference factors, cognitive
and psychological factors are considered, more accurate
research results may be obtained.

From a practical perspective, the present results are useful
for predicting and preventing risky driving behaviors. As we
all know, the Advanced Driving Assistance Systems (ADAS)
are currently popular vehicle safety aids. ADAS predicts driv-
ing behavior and potential risks by monitoring the status of the
driver, vehicle and driving environment (such as lane change
assistance, lane departure warning, collision warning, etc.),
and adopts some intervention measures to prevent the occur-
rence of danger (such as voice prompts, Safety warning lights,
etc.). However, the premise of ADAS safety prediction is that
the driver can always conduct a rational analysis of driving
safety based on environmental information. In this case,
ADAS may make a wrong judgment due to ignoring the
driver’s mental state. For example, when a driver is in con-
tempt, he or she is likely to have an unreasonable perception of
the interaction between vehicles (such as taking other driver’s
normal overtaking behavior as a provocation to themselves),
and then adopt aggressive driving behavior. Obviously, if
ADAS still follows the conventional model to predict the
security situation and behavior, it will inevitably get results
that are inconsistent with the actual situation. In addition, if
ADAS continues to take intervention measures that are con-
trary to the driver’s wishes while incorrectly judging the dri-
ver’s mental state, it may cause the driver to produce more
serious negative emotions and radical behavior. In contrast, if
the ADAS can fully consider the driver’s current emotional
state of contempt and then realize that the probability of the
driver’s aggressive driving behavior will be greatly increased,
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the accuracy of risky behaviors prediction will be greatly
improved. It should be pointed out that the premise of con-
structing an emotional driving behavior prediction model is
that the vehicle-mounted intelligent system can accurately
recognize the emotional state of the driver. At present, the
dynamic recognition models of driver’s emotion based on
data such as expression, behavior, and physiology have
become a research hotspot, which provides a practical basis
for the prediction of emotional driving behavior in the future.

Conclusions

In present study, we proposed a theoretical framework and
a series of hypotheses to describe the relationship between
driving emotions, self-reported driving style, self-reported
sensation seeking and actual risky driving behavior based
on existing theories and findings. In order to verify the
proposed theoretical framework and hypotheses, we imple-
mented a series of experiments to obtain 78 participants’
driving style data, sensation seeking data, and actual driving
behavior data under the activated state of eight typical
driving emotions. And then, the well-fitted SEMs suitable
for different driving emotions were constructed severally
based on the experimental data. The research results showed
that the self-reported driving style and self-reported sensa-
tion seeking were both positively related to actual risky
driving behaviors, and self-reported sensation seeking
mainly affected actual risky driving behaviors indirectly
through self-reported driving style. The more important
findings of this study were the moderating effects of differ-
ent driving emotions on the relationship between self-
reported driving style and actual risk driving behavior, and
between self-reported sensation seeking and actual risk
driving behavior. The results of this study not only illu-
strated the influences of different driving emotions on risky
driving but also explained the reasons for these influences to
a certain extent. This research provided a source of refer-
ence for further understanding the role of driving emotion in
risky driving and developing methods to reduce traffic
accidents caused by risky driving behaviors.
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